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SUMMARY AND RECOMMENDATIONS
A. Recommendations

Authorization of a grant of $1,600,000 for a pilot project
subject to the following waivers and approvals:

1. Waiver of the 25 percent cost sharing requirement contained
in Section 110(a) of the Foreign Assistance Act of 1961, as amended.

2. A procurement waiver to permit the purchase of shelf items
imported from other free sources in excess of the total allowed
by AID Handbook 1, Supplement B, 184, 4b.

B. Project Summarv and Description

The project proposes to meet expanding energy da2mand, primarily among
lower income groups, in way# that minimize national requirements for
scarce, expensive or non-renewable energy. This will be done by dis-
seninating a set of renewable energy technologies in rural pilot
areas, while simultzneously developing the institutional basis for
more general distribution of systems found to be technically, economically
and socially feasible.

More specifically, the project will, on the one hand, minimize demand
for combustible fuels through village level conservation measures
such as (a) fuel efficient wood and dung burning mud stoves, (b) pedal
power grain grinding, (c) thatch insulation and weatherizatiom, and (d)
passive solar greenhouses. On the other hend, research into increasing
technologically appropriate energy production will be undertaken through
introduction of (a) a feedlot anaerobic digester system for production
of methane zas and slulge fertilizer (b) a mini hydroelectric production
scheme. Success with these measures will mean achievement of the
project purpose of disseminating renewable energy technologies,
establishing their feasibility,and providing the basis for their
dissemination nationwide.

" " This purpose can be achieved through the use of existing GOL
personnel and facilities. Consequently, the project will not represent
significant additional strain on GOL absorptive capacities and,
especially, it will not involve increased recurrent costs.

The technologies will be introduced through an "in place" village
implementation process using traditionsl village meetings and GOL
community development staff and procedures. The introduction process
involves the villagers in sociological, technological, and eccnomic
decision-making concerning possible technologies. Given the complexity
of this process and the need for feedback as it proceeds, particular
attention will be given to the project's implementation and evaluation
procedures.



Project outputs will ceuter on (1) trained field and headquarters
staff, (2) establishment of a village-centered implementation and
evaluation process, (3) village technologies introduced and evaluated,
(4) research and development technolcgies introduced and evaluated,
(5) an operational research and development laboratory, and (6)
construction of an energy efficient demonstration house. Inputs
center on a three-person long term technical assistance team,
commodities, in-country training, and construction of the house.

C. Summary Findings

The analyses undertaken in final project design indicate the
project is technically, economically, socially, and financially
feasible.

Introduction of alternative technologies will represent the only
way for many of the rural poor to meet their energy needs as supplies
nf coal, oil, and wood diminish and pricas increase.

The environmental! impact is benign. The negative determination
given with the PID remains in order.

The GOL is firmly committed to the project and has already
budgeted increased staff for full support.



II. Project Background and Detailed Description

A. Background

1. General
The Kingdom of Lesotho is ome of the world's least developed

countries. The country is small, arid, mountainous, entirely surrounded by
the Republic of South Africa, lacking in mineral resources and overpopulated.
Lack of an initial obvious development potential, compounded by the fact that
Lesotho has for a century been a migrant labor reserve for the Republic of
South Africa mining industry, has lead to the situation that Lesotho is one
of the world's most dependent states.

The 1976 census indicated that Lesotho had a de jure population
of approximately 1.2 million persons, 94% of which live in the rural areas.
The de facto population is considerably less than this as a result of oscill-
ating migratory labor between Lesotho and the Republic of South Africa.

While recent estimates indicate a fall in the numbers of migrants, in the
mid 1970s it has been estimated that over 150,000 Basotho worked in the
Republic. Approximately two-thirds of the population live in the lowlands,
an undulating belt between 1,500 and 1,700 meters running from north to
south on the western side of the country. The lowlands, foothills and
Senqu River valley tc the south occupy approximately one-third of the land
area. The remaining two-thirds of the country, containing approximately
one-tnird of the population, is all mountainous and stretches up to 3,500
meters in the most easterly regions, The country is divided into 10
districts. The capital is Maseru, a lowland town with a population of
60,000. Only 13% of the land area is arable, and the population density
on the arable land is 300 people per sq. km. (3 per hectare), one of the
highest in Africa.

Migrant employment remains the dominant fact of economic
life in Lesotho and migrant labor remittances account for 70% of the rural
household income. Despite increases in miners’ wages in the mid 1970s,
migrant remittances have not kept up with inflation, since 1976. The
main domestic economic activity is agriculture though government efforts
to increase total output have largely been unsuccessful. Lesotho Goverm-
ment capital expenditure was approximately R30 milliom in 1978-197¢,
Covernment has expressed concern that the recurrent costs implicit in these
development programs are becoming excessive. This concern stems from
projections that the revenue derived from the South African Customs Union,
of which Lecotho is a member, is expected to decline in real terms after
1980-1981.

Lesotho's economy is extremely dependent upon external



sources. Approximately 70 of development capital is supplied by
donors, though the rate of underspending of donor funds is sub -
stantial. In the course of the Second Year Plan over 70 donor agencies
aided Lesotho, and in 1977, 560 expatriates worked in development

programs in the country. The extent of Lesotho's dependence upon
South Africa is indicated by the fact that GDP is of the order of 60%
of the GNP, In 1977 the average rural income was put at $140 per

capita, compared to the GNP per capita of $230. Furthermore migrant
labor remittances finance the rapidly increasing level of imports.
The trade deficit is currently around $180 million. Approximately
40% of food consumed in Lesotho comes from an external source (10%

in food aid) and almost all manufactured gondeand high quality energy
supplies come from South Africa.

2, National Energy Needs

Lesotho has negligijble fossil energy reserves. Narrow
seams of bituminous coal extend in*o Lesotho but the cost of extraction
is prohibitive. Small peat deposits exist but are of a low quality, have
a low caloric value and their extraction would aggravate soil erosion.
The results of investigations into possible oil deposits in Lesotho have
so far been negative, although the government is continuing explorations,
Consequently, Lesotho is almost totally reliant on external supplies of
high quality energy sources, Fuel and lubricants form an increasingly
large amount of Lesotho's import payment. In 1977 mineral fuels and
lubricants totalled R17.6 million ($20.6 million) or 8.8% of total imports,
whereas the cost of fuel in Lesotho is dependent upon South Africa. The
greatest increase occurred in mid-June 1979 when the pricc of petroleum-
based products was increased by 36% such that in late June”a litre of
petrol cost 53 cents (U.S. 62 cents or $2.43/US gallon). There remains
great uncertainty over the availability and price of future supplies.

The chief imported fuels in 1977 were petrol, (R4.7 million)
paraffin (R4.5 million) and diesel (R2.3 million). The amount spent in
1976 on paraffin is nine times that spent ia 1972. Limited data suggests
that this dramatic increase is largely due to the price increase rather than
to an increase in use, although greater amounts of paraffin continue (until

1977) to be imported. Twenty-seven million litres of paraffin were imported
in 1977, Chart I indicates the rate in price increase of paraffin in
Lasotho.

1
The majority of electrical power in the country is derived
from the South African grid. Electrical power only serves the capital and
district centers. Dependence on South Africa for electrical power will
continue into the foreseeable future. The GOL is considering the creation
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of hydro-power sites, and intecuds to encourage the use of alternative
sources of electricity -- diesel gemerators, solar energy systems and
windmills «- in the Third Five Year Plan.

Lesotho's wood resources are minimal and the country imports
timber and firewcod. The indigenous lowland forests were virtually
destroyed by the turn of the century, and all attempts at large scale
reforestration since then have proved unsuccessful. A woodlot project
was established in 1973 under the Ministry of Agriculture and annually
plants approximately 450 ha (1,100 acres) of eucalyptus and wattle forest
in areas adjacent to lowland villages to serve as a source of domestic
fuel. Even at full production the 104 woodlots already established will
cater to only a small percentage of their neighboring villages' needs.
The prospects of extending the project to the mountains appear slim.

3. Village Energy Needs

a) The Definition of Needs. It is essential that village
development projects -~ particularly broadly-based self-help activities
such as the RET project -- respond to ''real" local needs, as ultimately
defined by villagers themselves. In the RET project, needs of specific
villages will, therefore, be determined through regular consultatiomns
among village representatives, GOL/MORD staff, and ccantract personmdl.




b) Are Energy Needs a Priority? No comprehensive

asgessment of village development needs has yet been carried out

in Lesotho. Nonetheless, available evidence suggests that energy-related
needs are viewed by villagers as significant. For example, a study

of enfrgy consumption in Southern African villages found that a large
majority of Basotho respondents considered collection of firewood to

be a:serious and increasing burden.

Although final judgements will depend on the formal survey
process mentioned above, interviews with villagers and officials
concerned with village development support the tentative conclusion
that the following are priority energy-rzlated needs:

(1) improved fuel saving facilities for ccoking

(11) improved fuel sav.ng facilites for heating

(i1i) a means of extendi. g the vegetable growing
season

(iv) 1improved grain grinding facilities

Other energy-related village needs which at this stage
are more tentatively identified are the need for water heating, improved
food drying facilities, water pumps for irrigation, and lighting. No
simple improved lighting facility has yet been proposed and the problem
will not be addressed by che project. On a national level, the need for
small-scale, - decentralized electrical power supplies (e.g., for radio
facilities and rural clinics) and renewable heatinz fuels (e.g., for grain-
drying at regional feedlots) were identified as falling within tha« scope
of this project.



B.

Project Description

1. Project Goal and Purpose

The project proposes to meet expanding e§ergy demand, prigarilzts
among lower income groups, in ways that mir* ° ‘e national reqd remﬁ
for scarceexpensive, or non~renewable ener This will bel og; tyareas
disseminating a set of renmewable energy teck clogles in rural pllo rea o
while simultaneously developing the institutimal basis for moredgene L
distribution of systems found to be technically. ecc: mically an

socially feasible.

More specifically, the project will, on the one hand, minimize
demand for combustible fuels through village level conservation measures
such as (a) fuel efficient wood and dung burning mud stoves, (b) pedal
power grain grinding (c) thatch insulation and weatherization, and (d)
passive solar greenhouses. On the other hand, research into increasing
technologically appropriate energy production will be undertaken through
introduction of (a) a feedlot anerobic digester system for production of
methane gas and sludge fertilizer;(b) a mini hydroelectric production
scheme, Success with these weasures will mean achievement of the project
.purpose of disseminating renewable energy technologies, establishing their
feasibility, and providing the basis for their dissemination nationwide.

The purpose of this pilot project can be achieved through the use
of existing GOL personnel and facilities. Consequently, the project wili
not represent significant additional strain on GOL absorptive capacities
and, .especially, it will not involve increased recurrent costs. A follow-
on nationwide program would involve increased recurrent costs, but the
pilot program will have provided a clear picture of costs and benefits.

2. Outputs
Cutputs can be grouped into six basic categories:
(1) A renewable energy technology staff trained and in place
both at headquarters and in the villages and more import-
antly an institutional connection between village and

headquarters activities,

(2) A village renewable energy technology implementation process
established which is based on village definition of needs.

(3) Introduction and evaluation of the village renewable energy
technologies and the associated social and economic factors.

{(4) Establishment and evaluation of the research and development
renewable energy technologies.

(5) A research and development laboratory made operational in



existing facilities at headquarters and at rural RET
training centers.

(6) Construction and evaluation of an energy efficient house
for habitation by the Chief of Party, but also for project
demonstration purpose:.

It is estimated that 752 of the activity performed in achieve-
ment of these outputs will occur in the villages. Over 70%Z of the head-
quarters activity will be in direct operational support of the village
level activity. Only the feedlot activity and headquarters operatioms
in support of the feedlot activity do not directly support and benefit
villagers. However, spinoff benefits of this experiment (such as employment,
inexpensive fertilizer, and better veterinary services and marketing
channels) may be realized by villagers. This activity is included for
its significant long range potential. .

3. Inputs

To achieve project outputs, the following inputs of technical
assistance, commodities and vehicles, construction, in-country training,
support costs, and GOL inputs will be required,

AID INPUTS COST
A. Technical Assistance

1. Program Coordinator (PHYSICAL SCIENTIST) 3 yrs 250

2. Field Supervisor (SOCIAL SCIENTIST) - 3 yrs 75

3. Laboratory Supervisor - 3 yrs 75

4, Administrative Assistant = 3 vrs 15

5. Stock and Supply Manager - 3 yrs 15

6. Short Term Consultants (20 person months) 120

7. External Evaluation 4

Sub-Total 554

The Program Coordinator will be recruited from the Unites States
by the contractor - probably a small business or minority firm. The field

supervisor and laboratory supervisor will also be recruited by the contractor:
specifically by the program coordinator upon his arrival in country. The
laboratory supervisor will most likely be a Peace Corps volunteer just

ending his service as five qualified volunteers are known to be interested.
The field supervisor may have to be recruited under a Code 935 waiver,
although initial attempts will focus on an American or Code 941 person.



The short term consultants will be a comhination of American and Code 941
persons. The remaining long term persons will be Basotho local hire.
See Annex K for pesition descriptions.

B. Commodities

1. Vehicle Purchase (5) 50
2. Media Equipment and Supplies 40
3. Curriculum Materials 46
4, Laboratory and Scientific Equipment 125
5. Research and Development Project's Equipment 155
6. Energy Saving Devices Construction Materials 140
7. Shop Equipment 27

583

Media and Curriculum =~

Due to the heavy emphasis on training in the RET project and due to the
documentation activities associated with project evaluation, extensive use
of media equipment will be emploved. This equipment will be used to prepare
training curriculum materials, promotional films, slide shows and pamphlets
and brochures. The basis for much of the future training conducted by
MORD will be a semi-automated or packaged training program in Sesotho and
English., The media equipment and curriculum budget will provide for this
packaging.

Laboratory and Scientific -

The laboratory and scientific equipment are necessary in the RET project
to establish techmical credibility of the RET units and to establish a
quantitative, scientific basis for evaluating their technical performance.

Research and Development Equipment -

The research and development RET technologies represent attempts to
experimentally determine the feasibility of using relatively sophisticated
technologies in rural areas to replace diesel fuels with an equivalent
quality of energy. These technologies can only be 2valuated under these
conditions experimentally and are therefore included in the RET project.

Energy Saving Devices -

The materials purchased for energy saving devices will be used for
training demonstrations and by VETs for building their demonstration RET



units in the villages. None of this material will be given to the
villagers for construction of privately owned RET units,

Shop Equipment -

The shop equipment purchased by the project will be placed at each
of the RET training centers and the R & D Laboratory. These facilities
will be uscd to make prototype RET units and will be used by the VETs
thereafter to repair installed units,

C. Training Costs

1. Local Training Expenses 59
2. Peace Corps Training 2
3. Tool Kits and Training Equipment ~ 40
Sub-Total 101
Training

All training costs, with the exception of the Peace Corps training costs,
will be expended in direct support of the VET trainees. Each VET will
receive an appropriate tool set box, coverall, hat and related safety
equipment during the training project. In addition, the project will
provide transportation and/or lodging cost for women trainees who could
not otherwise attend training sessions.

D. Construction

1. Design ($15) and Construction ($49) of Program
Coordinator's House 64

Construction

The energy conserving house built for the Project Coordinator will exemplify
what urban Basotho and the GOL could do in the future with local skills

and materials to conserve household energy use. This house will be a
showpiece and will help urban Basothc understand the potential of RET.

Most importantly, this house will save $600 to $800 per vear in heating

costs at present electric rates in Maseru,

E. Support Costs

1. Vehicle Operation and Maintenance 65



F. Inflation 127
G. Contingencies 106
TOTAL AID INPUTS $1,600
GOL INPUTS
A. Support Costs
1. GOL Staff (Eight Positions) 66
2. Office Space/Laboratory Space 3
3. Warehouse Space/Land for
Program Coordinator's House,
site preparation and utilities
hock=up 8
§T7
OTHER INPUTS

A. Technical Assistance
1. Four Peace Corps volunteers, each for 3 years to

act as regional testing center coordinators 168
TOTAL OTHER INPUTS $168
TOTAL PROJECT INPUTS $1,845

et Rt
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4, Organizational and Operational Approach

a. General

Upon award of the prime contract to a U.S, firm the Program Coordinator
(Chief of Party) will be assigned to Lesotho and will begin hiring the other
project personnel in cooperation with MORD. The Program Coordinator will also
begin procurement and curriculum development procedures, When the Field Super-
visor (Social Scientist) is hired he/she will begin developing the field survey
procedure and working with local community development officers and the MORD
staff toward beginning the Village-Level RET Implementation Process (see Chart
No. 5). The Field Supervisor will work predominantly in villages and the
Program Coordinator will organize the overall project in Maseru and begin the
MORD staff and Peace Corps traiuing program. After the staff training is
complete, (approximately 3 months) the MORD A.T. Unit staff, three Peace Corps
volunteers and the Program Coordinator will set up the Regional RET Training
Centers (ref. Farmers' Training Centers) located ~t Mokhotlong, Mohale's Hoek,
and Quthing. The Laboratory Supervisor immediately after being hired will begin
setting up the Research and Development (R & D) Laboratory in Maseru. The
R & D Laboratory jointly with members of the A.T. Unit staff and one of the
Peace Corps volunteers will begin Luilding and testing the priority technology
RET units at the laboratory and at each of the training centrrs. This four
person team will continue throughout the project lifetime to focus on improving
technical performance of the RET units and on getving this technical information
into the training activities and into the villages.

b. Organizational Strategy

The project propos2s to establish a village-level process to identify
and verify felt needs and technologies and to meet these needs through the exist-
ing structure of the Ministry of Rural Development (MORD). This village-level
survey and evaluation process has the flexibility to foster village decisions
and arrangements on which technologies would be most economic and acceptable
and on which village residents should be trained in renewable energy technology-
The primary focus of the RET project is to create and support this process at
the village level and to develop the social, economic and technical skills
through the MORL' staff to carry on the process within the existing administrative
and institutional structure. The largest single effort of the RET project is
that of training and building confidence in the MORD staff and village selected
trainees. The village residents will be selected by the villagers for train-
ing and will be called Village Fnergy Technicians (VET). The VETs will return
to their villages after training is complete to establish demonstrations and
begin offering their new skill to other villagers for a fee. Major
emphasis will be placed on support of the VET corps by the project and MORD
staff because the success of this project denends upon the village acceptance
of this relationship. The RET project is structured to provide continual "on
site" improvement or retraining when and where necessary. Technical perform-
ance of RET units and the quality are assured through a process documentation
evaluation scheme and field testing of RET units by the project Research and
Development Laboratory.
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¢. RET Implementation Process. The RET project implementation is
based on a process which involves village people in an ongoing discussion
concerning the nature of their needs within the context of energy usage
and an educational process concerning renewable energy technolegy. This
dialogue will proceed using the traditional Pitso, or village meeting,
with members of the MORD and RET teams initiating the meeting jointly
with the Regional Community Development Officer (MORD). Through this
process, villages will make several decisions, e.g.: 1) would the
village like to participate in the RET project, 2) if so, who in the
village will become the Village Energy Technician (VET trainee), 3) what
needs should be met, 4) what technologies should be employed to meet
their needs and 5) what constitutes an economically and culturally
acceptable RET design. The objective of this process is to produce a
sensitive integration of village-level requests with technologies and
system designs that can eventually be implemented and maintained by
village people without continual outside help. This RET implementation process
also strives to minimize frustration and disappointment by villagers when
difficulties are experienced with the RET units,

Chart No. 5, entitled '"Village-Level RET Implementation Process',
outlines the ten step process and evaluation ~ feedback loop which
will insure that the RET project meets its objectives. Steps &4 (Village
Energy Technician Training), 9 (RET Unit Construction) and 10 (Evaluation)
are critical, More than fifty percent of the total project effort is
directed towards training of the VET corps identified in Step No. 4.
The success of the project concept depends on how effective these trained
village residents are when they return home after training. Furthermore,
the MORD and project staff must provide timely support to the VET corps
once they are practicing in the villages. Construction of household and
community RET units and operational training for these units (Steps No. 8
and 9) must also be closely supported by the MORD ar-' RET teams until such
time as a VET is well-established, experienced and confident ian his or her
new skills. Step No. 10, Evaluation, is the vehicle used to maintain
technical quality of village training and of the RET units. The
Evaluation procedure will help understand and transfer the RET implement-
ation process and necessary technical and management skills to the Ministry
of Rural Development,

et At — e - —- —————
— e e e e i

Fror the outset of the project, the Program Coordinator will share
responsibility for project management with the MORD's AT section chief. After
initial training, the MORD staff will gradually assume full VET training .
responsibility and, eventually, complete project management. The rate at which
the transfer process from the RET Team to the MORD staff can proceed will be
determined by utilizing the Evaluation and Feedback procedure,

This procedure will also be used to support and upgrade MORD
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staff and VET trainees capabilities bv identifying strengths and weak-
nesses as the project progresses. Chart No. 6, entitled "RET Implement-
ation Schedule" and Chart No. 7 entitled "RET Project Implementation
Chronology' show the projected timeline for this transfer of respons-
ibility and for monitoring the performance during the tramsitionm.

The selection of villages for initiation of this process will
be dcne on the basis of socio-economic research initiated in the first
few months of the project. Precise sites will be identified by the
Field Supervisor in conjunction with local community develonment officers.
It is envisaged that the project will initially work in one mountain
district. The justification for selecting a mountain district is that
the project work initially in Mokhotlong and that training take place at
the Farmers' Training Center, During the life of the project it is
envisaged that the project will work additionally in two rural districts,
provisionally, Qacha's Nek and Mohale's Hoek., Villages will be selected
in the proximity of the training facilities in each of these areas.

d. Management Components, The proposed RET project has five
management components: 1) Administration, 2) Evaluation, 3) Training,
4) Research and Development and 5) Village Demonstrations. The activitie:
within each of these functional administrative groupings are designed to
initiate the desired village-level process through MORD and to provide
continual support until such time as MORD is capable of carrying out these
activities independently. The relationship of the RET project structure
to MORD is shéwn 'in Chart No. 8, entitled '"Proposed RET Project Organiz-
ation",

(1Y Administration. The Project will be administered
jointly by a technical person experienced in renewable energy technology
(the Project Coordinator) and by the MORD's AT Section Chief.  These
individuals will be responsible for all administrative and fiscal
activities as well as coordinating the Project Adviso-y Committee and
training activities. The Advisory Committee will be comprised of
representatives of all collaborating ministries and projects as well as
selected Community Development Officers and VEIS. This body will provide
an interministerial viewpoint and help avoid duplication of efforts. The
Project Coordinator and AT Section Chief will report to the MORD Rural
Development Coordinator. The Project Coordinaior will also be a primary
instructor in the training program.

(2) Evaluation., Evaluation is the most important management
function in this Project. Evaluation will be coordinated by the Field
Supervisor. This evaluation is internal to the project and couples the
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continuing village surveyv procedure, the technical performance analysis
and input from staff VET corps, and village participants into an on-

going documentation process. These inputs are formally reviewed each
week by the Process Evaluation Group for strengths, weaknesses, problems,
successes, etc. The Process Evaluation Group will be comprised of
members of all involved sectors of the project, including the MORD ATU,
VET's, village residents, regional outreach workers and others as the
group feels the need for their input. Standardized procedures and
formats will be used by all persons involved in the project for collect-
ing quantitative data and other qualitative information and for presenting
this data to the Process Evaluation Group. Topics of concern may include
attitudes towards trying RET units, real costs of systems, difficulties

in construction and operation, impact on cther villagers, technical per-
formance, etc. These procedures and forms will be developed early in

the project along with the village survey process.

Compiling and analyzing this information is truly an inter-
disciplinary process history of the project activities. A schematic
representation of this process is shown in Chart No. 5, entitled,
"Village-Level RET Implementation Process'. The findings of the
Process Evaluation Group will be fed back to appropriate activities of
the project for use in: improving project management, upgrading train-
ing, repairing existing malfunctioning RET systems, improving RET designs,
evaluating the capabilities of MORD and the VET corps and to graduate
VET trainees. The LDTC Service Agency, presently performing surveys in
lesotho, will be used periodically as a facilitator to check the findings
of this group.

The Process Evaluation Group will initially be respomsible for
identifying and verifying village needs, corresponding technologies and
selecting villages and working out arrangements with each village for
communal and individual RET units., This group will also be responsible
for the formal project evaluation and the annual and final reports.

The Process Evaluation Group will make use of the existing
computerized village survey data base developed by Basic Agricultural
Services Project (BASP) within the Ministry of Agriculture. This tool
is called Diagnostic Socio-Economic survey and can help fcrmulate survey
questions early in the project.

(3) Training. The RET training program will be administered by
the Project Coordinator and AT Section Chief and will use expatriate
short-term coansultants,
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local interministerial skills, MORD staff and the VET corps to accomplish
this task. Training is the primary effort of this project. The train-
ing program is divided into four levels of activity: 1l)orientation and
training of RET project staff and Peace Corps volunteers in the Sesotho
language, process documentation and comstruction of RET units, 2) train-
ing the MORD staff, specifically the Appropriate Technology Unit, 3)
comprehensive process and technology training of the VET corps and

4) supporting the VET corps in the training of the village participants,
The schedule and phasing of these training activities is shown in Chart
No. 6, entitled "RET Project Implementation Schedule".

Eacnh trainee will be issued an appropriate set of tools
provided by the project and a tool box upon entry to the training
program. Some trainees will require different tools than others,
depending upon the type of technologies her/his village selects (e.g.
communal greenhouses, mud stoves, hydroelectric generators, etc.).

The check-out and tool assignment program will be managed by the
Appropriate Technology Unit and the.Project Supplies Manager and handled
through the regional training centers.

In addition to the training activities there will be an on-
going curriculum and training materials development program in English
and Sesotho. This activity will be conducted jointly in the Ministry
of Education with the Lesotho Distance Teaching Centet and will attempt
to produce high quality training materials and "how-to-build-it" broch-
ures for various RET systems which will be distributed during village
training sessions. This activity will depend heavily on the media and
documentation activities of the project which will be coordinated through
the Process Evaluation Group. The photographs, motion picture film and
data collected throughout this project evaluation will also be used to
formulate training booklets, construction documents, a training film and
promotional slide shows as well as village demonstration brochures.

These activities will be conducted by the members of the
Broject Staff, MORD Project Staff and Peace Corps but not the LDTC to
do field work for the RET project, but will help with other curriculum
tasks,

(4) Research and Development Laboratory. The Research and Dev-
elopment Laboratory (RDL) will be established in Maseru and supervised by
a local-hire engineer. The RDL will: test prototype RET units and provide
optimum designs; evaluate the quality of comnstruction and technical perform-
ance of demonstration and village RET units; upgrade training programs

based on findings; construct and operate the two R & D technologies
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identified, i.e., anerobic digester and mini-hydroelectric system; act

as a technical liaison base for other GOL activities in Maseru and transfer
all technological development to the MORD Appropriate Technology Unit staff.
The overall responsibility of the RDL is to assure technical competence
throughout the project and to serve a monitoring and quality assurance
function.

(5) Village Demonstration. The village demonstration activity
is carried out by the VET trainee with the timely support of the approp-
riate MORD and RET staff. The VET trainees will build RET units on their
own (or their parent's) house as a demonstration to the village., In order
for a VET trainee to graduate from the RET training program and be certifiec
he/she must successfuly build and operate a specific number of RET units
within a one year period. As the appropriateness of these demonstration
units are perceived by the village people, thev will, in turn, request the
VET trainee to help in the design, construction and operation of the unit.
For this service, the VET will be paid a set fee (see Economic Analysis
Section III. C.). From this point forward the VET will be selling his/
her skill and the materials used for construction of the RET units to
villagers who chnse to purchase this technology.

It is important to note that all materials used for construction
of the RET units, which will be owned individually or communally, must be
purchased by the owner(s) through the VET or other local supply mechanisms,
No materials will be provided without charge for RET units except the orig-
inal demonstration units at the training centers and training units on the
home of the VET. At present, the most appropriate materials supply mechan-
ism has not been specified. Distribution, marketing and zccountability
could be established, however, at state stores, the training centers or
other existing institutions. This will be worked out during the initial
stages of project implementation.

e. Selection of Technologies

The renewable energy technologies have been selected based upon
the preliminary need assessment, and economic analysis (see Economic
Analysis Section III. C.) ard upon the degree to which thzse technologies
could be implemented by village people using local materials and skills,
The assumptions leading to these conclusions must be verified and the
technologies must be tested early in—the RET project. The selected
technologies are placed into three groups: priority technologies,
candidate technologies and research and development technologies. This
grouping of technologies can be seen in Chart No. 9, entitled '"Matching
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Basic Needs and Renewable Energy Technologies'.

(a) Priority Technologies.wsre selected as economically viable
technologies that correspond directly to 'felt needs'". These technologies
include wood and dung burning mud stoves, pedal power grain grinding, thatch
insulation and weatherization of rural housing, grow hole greenhouses and
community passive solar greenhouses. The RET project will focus on imple-
menting these technologies as a priority. A detailed discussion of the
priority technologies is given in Section III, A.

(b) Candidate Technologies. This group of technologies
corresponds to a more tentatively identified set of needs referred to as
"abstract needs' (see Section II. A. 3. 'Village Energy Needs"). In
addition to the substantive uncertainty of these '"abstract needs', the
RETs identified to meet these needs are somewhat more technically sophist-
icated and expensive. The successful implementation of these technologies
would probably result in communally owned and maintained systems., However,
the exact process for implementation is difficult to identify at this stage
of development. The technologies included in this group are: solar food
dehydrators, passive solar space heating systems including mass walls and
attached greenhouses, solar cell trickle battery charges, solar cell
irrigation water pumping and passive solar water heating. If a suitable
situation is identified by the village survey process, the technologies can
be utilized by the project,

(2) Research and Development Technologies. This group of RETs
was identified based on regiomal and national needs that would have a direct
impact on the rural village dwellers. The two proposed RET systems include:
installation of a demonstration anerobic digester at the Masianokeng village
feedlot for methane gas production and installation of a mini-hydroelectric
system at a rural health clinic in the remote Ha Lejone Mountain area,
The purpose of these experimental projects is to demonstrate that there are
RETs that can replace diesel-powered electricity generating systems.

£. Project Housed}ginistry of Rural Development. The nature of the
RET requires the use of an 'in-place' rural/community development structure.
It is recommended that the Lesotho RET project be housed in the Ministry of
Rural Development (MORD) for exactly this reason. The Ministry is concernec
with rural problems, has technical construction facilities, attempts to work
within a framework of experience, works under a self-help philoscphy, and
has already carried out research into alternative technologies.

The MORD was created in 1976 out of the former Department of
Community and Rural Development. The Ministry contains a number of
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specialized units which promote the construction of village water supplies,
communal gardens, mountain access tracks, feeder roads, footbridges and
soil conservation and can be used to deploy renewable energy technology.
These diverse activities have in common a concern with community-based
development, and each technical speciality draws on the services of a

cadre of community development workers which ranges from a chief community
developument officer in Maseru, to newly established posts for Community
Development Assistants who shall be resident in villages.

The MORD has also recently {gsince PID preparation) upgraded the
research unit investigating alternative technologies and created an eight
member staff Appropriate Technology Unit (ATU). All personnel in this
umit will be available to work with the RET project. That eight positions
have been created in this unit at a time when the GOL is finding it increas-
ingly difficult to establish new permanent positions must be seen as proof
positive of the Ministry's enthusiasm for the RET project. The Ministry
ig now actively recruiting to fill the positioms.

The MORD has in the past had severe organizational problems.
The recommendations of the UN ACC Task Force Mission on Rural Development
in Lesotho and the creation of the Ministry from the previously existing
Department of Community and Rural Development has given the Ministry new
impetus. The Task Force Mission led. to the UNDP Integrated Rural Dev-
elopment Institutional Support Program, which will upgrade the Ministry's
district and central planning capabilities.and the implementation of the
Wilmot report's recommendations on strengthening community development
activities. (In addition, three Area-based integrated Rural Development
Projects are in the process of being established. These are: The
Thabana Morena Integrated Rural Development Program, the Siloe Rural
Development Program, and the Mafotholeng Rural Development Project).
The largest single institutional development project in the Ministry will
be the USAID assisted Lesotho Rural Water Supply project which should
substantially increase the capab“lity of the Ministry's Technical
Section,

g. Collaboration with Other GOL Ministries. The interdisciplinary
nature and village-level focus of the RET project necessitate close cooper-
ation with other ministries that have either specialized capabilities needed
by the project cr in-place institutions in rural RET project impact areas
(see Chart No, 2 entitled "RET Project Demonstration Impact Area'. This
inter-ministerial cooperation (e.g., dormitories, classrooms, etc.) and
allow the program staff to begin working immediately on village-level
survey process and skill development. The use of other ministerial
facilities and staff capabilities permits the majoritv of the project funds
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and staff time to be directed towards training village people.

The collaborating ministries are 1) Ministry of Agi.:ulture,
(MOA) 2) Ministry of Education (MOE), 3) Ministry of Commerce and
Industry (MCI), and 4) Ministry of Works (MOW). Through the Ministry
of Agriculture, arrangements will be made to utilize the Farmer Training
Centers in Mokhotlong, Qacha's Nek, and Mohale's Hoek to house the RET
Regional Training Centers. The Permanent Secretary of MORD has committed
himself to make all arrangements with the Ministry of Agriculture for use
of these centers. A close working relationship will also be developed with
the MOA Horticultural and Food and Nutrition Units to mutually support vill-
age food production and preservation. The Ministry of Education's Lesotho
Distance Teaching Centex Service Agency will be utilized to help prepare
curriculum, training and media materials in Sesctho and English. The
Bsotho Enterprises Development Corporation (BEDCO), located in the
Ministry of Commerce and Industry, will be used to develop commercially
viable Rkl units and to manufacture promising or proven RET units and
parts or kits which will be sold to villagers. BEDCO will also publish
articles on the findings of the RET project in their monthly Appropriate
Technology Newsletter, Cooperation with the Ministry of Works will center
around the RET Project Research and Development activities directed at
replacing diesel-powered electrical generators at remote clinics and
schcols. Other ministries such as the new Ministry of Energy, Water and
Mines may be interested in the RET project as it progresses, however, this
relationship can only be determined as such organizations sees the value of
this critical technology.

h. Relationship with Other Donors

While the AID project will be the major thrust in renewable energy
in Lesotho, there are other donors carrying on closely-related activities
which are complementary. The PID described the Swiss-financed project
which provided one solar engineer to the Ministry of Rural Development for
the past year and a half. During PID preparation and subsequently, USAID/
Lesotho held discussions with Swiss and GOL officials in an effort to
interest them in developing a jointly financed project. However, by mutual
agreement, the Swiss and GOL decided to terminate their project as of June
30, 1979. Their decision was based upon a judgment of where to place
limited funds within an expanded priority list. While the Swiss-financed
project did not result in a very widespread introduction of the technology
in the rural areas, it did generate sufficient interest within the GOL, as
evidenced by the Goverament requesting this expanded demonstration project
from AID,

The Canadians are financing a rural development project in the
Thaba Tseka District, a remote mountainous district in central Lesothec.
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The project has a solar energy research activity planned} however, as
yet, has not been able to solicit funds. There has been close coord-
ination between the Canadian technical assistance group and the PP team.
During project implementation there will be an exchange of information
and the AID project administration will utilize Thaba Tseka as a testing
site. In addition, the method of disseminating the technology to the
rural areas, as developed by the AID-financed project, will be shared
with the Canadians.

The Swedish Government, British High Commission and the Anglo/
American Company are all working on woodlot projects. As elsewhere,
there will be coordination between these activities and the AID-financed
project. The success of the project improved mud stoves will greatly
effect the requirement of woodlots. .
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III. Project Analysis

A, Technical Analysis

Selecting the RET designs which meet the identified needs in
this project cannot be separated from village-level social and economic
realities. Therefore the selection of the priority technologies are
firstly tentative and secondly difficult to describe in purely scientific
terms. The technologies selected will not be the solution in themselves;
however, the interd.aciplinary implementation process utilizing the
proposed technologies could help solve village energy problems. It is
not the technologies that are most important, but the process by which
they are implemented,

1. Basis for Selecting Technologies. The technologies
gselected by the PP team have been discussed in Section II. B. 4, The
Technical Analysis will discuss the Priority Technology Group only.
However, a detailed explanation of systems design and expected effic- __
iencies is covered in the appvendix. The following criteria were used
to identifv the technologies and tentative designs proposed by the PP
team. The RET team designs: 1) must use only renewable energy sources;
2) must meet a felt need: 3) must be well understood by the technologz-
ical community (proven); 4) must imp.ove thermodynamic efficiencies or
time expended by at least a factor of two (2); 5) must be very low in
cost; 6) must be easy to construct and maintain; 7) must use indigenous
or locally available materials and skills; 8) must result in a positive
net energy analysis within the unit lifetime; 9) must be environmentally
benign or result in environmental enhancement; 10) must show the potential
of being accepted such that a natural demand for the RET will occur;

11) must be presented and designed to permit innovation on behalf of the
user; 12) must have the potential for marketing VET skills and RET units
within the village.

The technologies employed in this project will supply new
or improved thermal sources of energy for cooking, space heating and
growing of food to village people. This is accomplished by utilization
of what may be Lesotho's most used energy source at present, the sun,
and by improved combustion of fire fuels. Wood and dung combustion
efficiencies are improved by using mud stoves, and passive solar heating
is used directly. The Basotho know well the daily benefits of direct
solar radiation as evidenced by the northeast orientation of most rural
rondavels for early morning warmth and by the national pastime of conduct-
ing daily business and social events outside in the sun. It is estimated
that in Lesotho an average of 320 days each year in the highlands and 340
days each year in the foothills and lowlands contain at least 6 hours of
sunlight. The daily cummulative value of solar radiation that falls om
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a vertical wall during Lesotho's winter is approximately 1500 BTU/ft.2 .
Based on a finding by Best in 1978, the average Basotho family utilizes
90,000 BTU/day for cooking and heating averaged on a yearly basis. Given
relative low efficiencies (approximately 207%) of glazed mud solar
collectors on mud wall greenhouses, installation of 60 ft2 of glazed mud
wall solar collector on a rondavel would cut heating demands by 50%.
Coupling direct passive solar space heating wirh a thatch insulated

home which utilized a mud stove for cooking could reduce the total house-
hold fuel consumed by 75%7 This packaging or integrating of RET designs
appears to have long term potential in helping overcome some of the
limitations of the RET designs. For example, the mud stove in the
previously described solar houses reduces the net heat gain to the house
because they are more efficient and therefore use less fuel. However,
the thatch insulation compensates for this reduced heat input by reducing
the total house heat loss. The result is that the house is -till warmer,
uses less fuel and has less smoke.

Z. Description of Technologies

(a) Wood and Dung Burning Mud Stoves. Presently, stoves
are not used in Lesotho; however, interest and need is high among vill-
agers. The stoves to be used in Lesotho must be designed to burn all
available fuels in the mountain areas, e.g. brushwood, dung and aloes or
small wood logs where they are available. The stoves must also be made
entirely of mud, dung and stone with designs for indoor and outdoor
systems that will hold two or four standard size pots or one very large
pot for cooking outside. The primary fuel is dried dung which has a
caloric (heat) vaiue of 967 K cal/lb (3837 BTU/1b) and dried shrubs and
aloes which have a caloric value of about 3 times that. Dung burns
slowly and without a flame. Wood burns more rapidly and with a flame;
that is, the rate of combustion is different for each. Mud stove
designs must also accommodate these different fuels. The PP team has
suggested three stove designs that meet these criteria and should improve
cooking efficiency from the approximate 37 of an open fire to 8-12%.
The designs are 1) the Domestic Technology Institute Plenum/Damper
stove and 2) the modified chula stove developed by Rural Industries
Innovation Center in Kanye, Botswana and 3) the portable pipe stove
developed by Willi Suremann for MRD. These designs are shown in the
appendix, The materials ~ost for the mud stove designs is zero and
the construction skills are available in the wvillage.

The mud stove progzram shcould look at individual
fuel efficiencies, as it pertains to dry wvegetative matter such as crop
residue, weed, leaves, etc. At present these fuels are gathered and
burned as very small pieces, ome to two inches (2.5 to 5 cm) in length,
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directly in open fires, These fuels burn rapidly and as much as 97
to 98% of the heat is lost to the wind in a rapid combustion process.
A much more efficient use of fuel could be experienced if pellets or
cakes are made by mixing, compacting, and drying cow dung, water and
dry, chopped or ground vegetative matter,

Combustion time of the briquet of fuel could be tripled and
fuel efficiency doubled. If such a process of fuel compaction could be
implemented at village level, it would accomplish several objectives:

(1) Weeds, grasses and certain other crop residue could be used to a
degree, to replace dung as a fuel, therefore allowing most of the dung

for restoring organic matter and plant nutrients to the badly depleted
soils of Lesotho, (2) The smoke and ash residue in the village houses
would be reduced even further, and (3) Coupled with mud stove efficienc-
ies, the relative energy efficiency of cooking could be improved by

12 to 15% compared to an open fire. Some preliminary work on compress-
ing cakes into rectangular and round shapes, using tin cans, string and
nails together with other hand made devices from plastic pipe and square
metal tubing, give positive indications that hand compaction can be done
at the village level. This fuel compaction technology will link well
with the AID sponsored Farming Systems Research Project 0065, particularly
for the provision of some of the vegetative matter. This will be invest-
igated by the Process Documentation Group and the RDL,

(b) Pedal Power Grain Grinding. The pedal power grain grinder
was selected over hand methods of grinding because it can process a quantity
of grain in one third to one fifth the time required by hand svstems for

roughly the same investment., Draft animal methods are too large and expensive
and require a herdboy to work the oxen. The pedal power design shown in

the appendix can grind about 50 lbs per hour or 30,000 lbs per year, costs
about $8C and can be manaufactured by BEDCO and assembled in the village.

This technology appears to be a feasible one to recommend for the project.

_ In addition tc grain grinding, and as a necessary
complement, the project will provide various designs for storing grains
and flour or mealie (crushed maize) to the VET trainees. Some of these
techniques will be integrated with solar food dehydrators and some will be
purely mechanical. This storage technology is necessary because without
adequate storage, there is less incentive to cperate a grain grinder.

(¢) Thatch Insulation and Weatherization. At present about
207 of lowland and 5% of mountain dwellings are rectangular and incorporate
corrugated metal roofs. These metal roofs are a status symbol and verv
easy to install, The heat loss associated with this type of house design
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with an uninsulated metal roof, coupled with the fact that the only fuel
that can be burned in such a structure is paraffin, makes these houses
thermally inefficient, expensive to heat and either too cold in the winter
or too hot in the summer. The use of 2 inches of thatch insulation made
by the village women and placed in the ceiling of the metal roofs, windows
and cracks could cut the heat loss of this structure by 75%. This would
reduce the fuel required for space heating and improving the comfort of
the house,

A picture of the proposed thatch insulation is shown in the
appendix. This insulating material uses short grass which women weave
into a grass mats which are laminated with aluminium foil to achieve a
thickness of one or two inches. One inch of this insulation material
has an R factor of about 4, making it approximately equal to American
fiberglass insulation. This technology is recommended because the
materials and skills are presently available and potential for adoption
is good.

(d) Passive Solar Greenhouses. The growhole greenhouses used
for seedling production and winter gardening and the large communal passive
solar greenhouse for off-season and winter food production are w2ll known
and proven technologies in the United States. Because the technologies
were developed primarily by the American poor, in the mountainous regions
of the southwestern U.S. (e.g. New Mexico and Colorado), the low-cost adobe
(mud) designs are particularly suitable for the rural mountains of Lesotho.
By using fiberglass instead of glass and a wire hail guard, no damage will
be caused by Lesotho hail storms. These RET designs appear to have a
good probability of succeeding as an extension of the MORD communal garden
program. Designs and photographs of these Solar Greenhouse RET units are
shown in the appendix and a detailed economic analysis is given in Section
III. C.

3. "Hands-on' Technology.

The technologies proposed in this program are tased on sound
scientific models. The methods of training used for introducing these
technologies to the rural Basotho will enable them to assimilate the
technologies by directlv involving village people in the construction of
RET units., The '"science process'" is therefore assimilated experientially
by the VET trainees and village participants, helping them to discover for
themselves how the system functions. This community based technology
development process involves Basotho participants from its beginning by
defining their needs and conceptually developing RET unit designs through
a workshop in the village., This method of turning technology design and
development over to villagers allows the participants to thoroughly under-
stand the technology and the design process within their cultural, econcmic
and social framework and it therefore beccmes '"their" solution. This




process also provides a thorough understanding of how the system works
because the participants build, install and operate the systems. They
will therefore be able to carry out the service and repair responsibil-
ities after technical assistance is no longer available, This ig the
"do it yourself" or "self-help' process upon which the p.oject is based.

4, Technological Feasibilitv,

The priority technologies and specific designs recommended are
deemed feasible bv the PP team. However, to insure long term acceptabil-
ity, design modification must be made by the villagers and program staff
as the program progresses, and the successful modifications must be
incorporated intc the training process. To jasure this occurs the
RET Research and Development Laboratory will monitor and document these
village innovations so they can be channeled through the Process Document-
ation Group and incorporated in future training efforts.

5. Research and Development Technologies.

The lesearch and Development technologies have been identified cs
technologically feasible but relatively expensive for the villages and as
technologies which require continual maintenance. In spite of these
limitations, there appear to be situations where the use of this type of
technology would be warranted and would have significant benefits for
rural Basotho. Therefore, the following technologies were selected for
experimental determination of their socio-economic feasibility.

(a) Feedlot Anerobic Digester Svstem. The Ministry of Agricult-
ure and the Ministry of Rural Development have made eficrts to improve soil
conservation and implement a range management program through establishument
of grazing associations in the mountain areas and through establishing feed-

lots in the foothills and lowlands. Relating to these activities 1is an
effort to improve the marketability of cattle by feedlot fattening and by
providing veterinary and marketing services. The feedlot studied by the

PP team at Masianokeng villace presently has an average head count of 150
to 200 oxen and cows with plans to expand to 5,000 head. The feedlot
presently is powered by diesel for feed grinding and some other energy
uses,

The proposed installation of medium-sized 100 row anerobic
digester for methane gas production and sludge fertilizer pr-.ductiomn at
this village feedlot would experimentally determine the fearibility of
replacing diesel fuel with bio-gas (methane gas) generated vy the anerobic
digestion of the feedlot manure. This digester would be about 13,000
gallons in volume requireing 440 pounds of dry organic volatile matter per
day or about 1800 pounds of fresh manure. The ccllectioa of manure could
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be done manually or with a front end loader. Based on Lesotho's feedlot
conditions and assuming a 752 manure capture efficiency at 40 lbs of
manure per cow with 187 of the manure being organic volatile solids, this
size system will yield about 3000 ft 3 of bis-gas per day or about 2.3
million BTUs per day. The sludge fertilize~ yield would be about 450 gallons
per day(5 to 6% nitrogen). If this technology is viable - under these
conditions it would provide Lesotho with a high quality fuel product,
i.e., methane gas, comparatively priced with diesel fuel. The benefits

to the rural areas are uncertain at present but if reduced feedlot operat-
ional costs were realized and a much needed fertilizer /{digester sludge
by-product) was made available to trhe villagers and the desired soil
conservation was achieved, the technology would be a significant one where
feedlots are located in the future.

(b) Mini-Hydroelectric Production. The use of a three to five
kilowatt hydroelectric scheme is proposed to provide electricity for the
Rampai clinic located near Lejone. The clinic presently uses diesel -fuel
hauled over a rough road which requires five to six hours tramsportation
tinme. The proposed system will incorporate a fall of water through a two
inch (5 cm) pipe with a 100 foot (33 meters) drop, which will drive a
Pelton wheel turbine generator. The generator would provide twenty-four
hours of lighting at 24v and water and space heating (sequentially not
simultaneously) at 220 v throughout the year. The experiment will be designed
to determine reliability of the system, as well as the cost at the clinic
of hydro vs diesel-generated electricity.

5. Environmental Concerns. An Initial Envirommental Examination
recomnending a Negative Determination was prepared and submitted with the
PID. This was approved. No information contrary to that recommendation
emerged in preparing the PP.
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B. Social Analysis

1. Basic Social Characteristics of the Rural Population

(a) Tne People. In comparison with other African countries, Lesotho's
population is remarkably homegenous. Historically, the Basotho nation
comprises a number of Sotho clans and San and Nguni groups which were
united well over a centry ago. Other national minority groups - mainly
Asians and Europeans - form under 2% of the population.

(b) The Population. Ninety-four percent of the de jure population
of 1.2 million (in 1976) live in the rural areas. The high level
of male migrant labor and the earlier male death rate effectively
means that rural villages are largely inhabited by women and children.
Roughly two-thirds of the population between 16 and 60 are women. The
rural population is concentrated in the lowland third of the country,
and lives in approximately 3,000 villages with populations varying
from 40 to over 1,000. Villages consist of compact clusters
of homesteads and have a distinctive social and geographic identity.

(¢) Sotho Culture. Sotho culture dominates the region in a
uniform manner. Sesotho is the language spoken throughout the
country. The Basotho are traditionally cattle-owning agriculturists,
who, prior to the twentieth century were renowned for their smelting
of iron, copper and tin, Over a century and a half of European
influence and a century of wage labor has totally altered the basis
of their economy and fundamentally altered many aspects of Sotho
culture. Family relaticns and marriage practices have been subject
to the effects of migrant labor and inflation Christianity has
long gained a firm foothold; the position of the chieftaincy and
the nature of chiefly power has altered; and the position of women
has become increasingly difficult and complex. The eiffect of
varied influences on Basotho culture is made all the more complex
as the majority of Basotho have both experienced the working class
life in South Africa's mines and have been made to remain within
the skeleton of a more 'traditional' way of life in the impoverished
rural areas of Lesotho.

(d) village Social Organization. The basic social and
geographic unit in a village is the household. The mean household
size in the mountains is over three, while that in the lowlands
is just over four., The absence of migrant laborers and the higher
male death rates mean that women effectively head 60% of households.
Migratory labor seriouely jeopardizes the survival of the nuclear
family and promotes a high level of conjugal instability.

In addition, migratory labor has a deleterious effect upon
corporate village organization. It results in a loss of enthusiasm
for communal labor, breaks up the group of male household heads,
and undermines communal organization in villages by introducing
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alternative values and sources of power and wealth.

There are three forms of corporate village organizations in Lesotho:

(e)

(£)

(i) Interhousehold Co-operation - whereby households arrange to
cooperate on various agricultural tasks such as ploughing, harvesting
grinding, or other activities, e.g. beer hrewing, burial insurance
societies.

(ii) The Chieftainship - Villages traditionally £fall under the
political and administrative jurisdiction of a local chief. The
chieftainship is determined by descent, although the chief is
traditionally responsible to the villagers under his authority.
The status and powers of the chieftaincy have declined in the
twentieth century, principally because of the establishment of

a central national govermment.

(iii) village Committees - have become formalized institutions

in the last decade and several committees exist in most villages.
The highly political character of the all-purpose village develop-
ment committees has caused, and continues to cause, disruptions.
Despite this, village committees have become the accepted institu-
tional form of village control to complement a weakened chieftaincy.

The Village Economy. Villagers have four souces of income:

(i) Migrant Labor Remittances account for the largest proportion
(59% in 1973/74) of household income. The irregularity of
remittances, and budgetary control by the migrants themselves
often prevents efficient investment in primary household needs.

(ii) Local Salaried Employment is restricted to a very small
number of villagers, Government being the largest local employer.

(iii) Farming. The importance of Agriculture in the village
economy has declined dramatically since the 1920's to the extent
that effective agriculture is in practice reliant upon migrant

labor earnings. Serious farming is prohibited by lack of investment
in modera inputs and difficult environmental conditions.

(iv) Other Income-Generzting Activities include beer-brewing, and
activity sociologically well-suited to the demands of the migrant
labor economy, and the occasional sale of fresh produce, milk and
handicrafts.

The Position of Women. Customarily, and in ideal conception, in
Sotho culture, women are treated as jural minors. Their area of
jurisdiction is limited to domestic control from birth. Girls are
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raditionally weaned before boys and are quickly socialized into their
future roles as mother and wife by learning to bear the burden of
household's domestic chores. In ideal terms a woman may exercise

a great deal of autonomy over her areas of responsibility and her
position is secure and clearly defineac.

In practice, adaption to a society dominated by migrant labor
has meant that the position of women is more contradictory and more
ardous than the ideal. Firstly, women are generally better educated
than men. This is largely explained by the fact that herding
responsibilities conflict with boys' schooling and by young men's
early conscription to the mines. Nevertheless fewer women have
salaried jobs in the country, and women remain formally subservient
to men in matters of household management.

Second, the absence of men has meant that women have had
to adopt new responsibilities with little formal recognition of
their altered position. Women are now in practice very often the
resident heads of households and resident farm managers and, while
often better able to manage household affairs, are not able to
control the resources necessary to carry out the responsibilities
of these positicns. Resources here refer not only to income and
labor, but also to power over the mystical plain.

The stress resulting from the contradictions in the present
position of women in rural Lesothc must be added to their other
burdens. The insecurity of their position resulting from conjugal
instability, lack of control over the mystical realm, intarmittant
income and yet increased household responsibilities may well be as
important a factor as poverty in explaining village inertia.

2. Beneficiaries

A. Direct and Indirect

a) Rural Women. The initial and chief beneficiaries of the
Lesotho RET Program are the rural women in the villages to be served
by this project. 1In many ways their daily activities will be made
much easier. In Lesotho, women have virtually sole responsibility
for domestic activities such as heating, cooking and food supply.

b) Entire Villages. The entire villages in the area to be
served by the project may also be considered as potential beneficiaries.
Firstly, program activities may enhance the health and wealth of all
householders affected by the project; secondaly, some of the technolo-
gles envisaged by the project are communal and hold out benefits for
an entire community; and thirdly, implementation by means of a self-help
strategy potentially provides a number of other social benefits
described below.




29

¢) Users of Institutions. Demonstration units will be installed
in institutional buildings in strategic locations, i.e., schools,
¢linics, hospitals, community centers and Farmer Training Centers.
Perhaps up to one hundred such locations will be served during the
life of the project. This will benefit immediately those using
the institutions in addition to the spread effect.

d) Regional and/or National Beneficiaries. Some of the
technologies proposed int he Program, particularly those that
require research as to their feasibility (e.g. solar cell water
pumping and battery charging, solar food dehydrators) and those
identified to be established as natiomal research projects (e.g.
mini-hydroelectric systems and feedlot anerobic digesters) have
regional and/or national benefits. The Program could potentially
contribute to national develoraent dy developirig alternative souces
of high-grade energy at natiumal feedlots, small-scale hydropower
schemes and improved energy sources for communication facilities.

3. Social Benefits.

1) Time-Hardship Saving. The most immediate social benefit
accruing from the proposed technologies is & saving in time and
energy expended on fuel collection. The collection of fuel is the
most time-consuming of all domestic duties, and the haulage of
paraffin and grain to mills is also a considerable effort. The
significance of the saving in women's time and effort must be set
against the arduous position of women in Lesotho for whom a
reduction in workload is a real benefit. The importance of this
benefit should be seen in the context of the constraints of the
migrant labor economy, and not valued simply in terms of the minimal
opportunity of the time saved.

2) Improved Health and Hvgiene. The proposed technologies
will improve villagers' health in a number of ways: warmer houses
will generally promote better health and specifically lower the
incidence of pneumonia; the removal of smoke from the inside of
houses will lower the incidence of eye and respiratory diseases
and make for a cleaner and more hygkenic home environment; and
greater vegetable production and extension of the growing season
should improve nutrition.

3) The Benefits of Self-Help. If villagers are properly
mobilized and trained and projects successfully implemented and
managed, the experience of a successful project may promote self-
reliance, and possibly a spirit of communal responsibility towards
future development intiatives.
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4) The Distribution of Benefits and Spread Effect. It is envisaged
that the distribution of benefits will be reasonably uniform both within
and among villages. The proposed technologies have been chosen precisely
because they respond to a generally felt need, because of their
extreme simplicity, and because of the potential they have of achieving
widespread popularity among the poorer households. The only technologies
which necessitate considerable capital will be communally organized.

Lesotho's small size and cultural homogenity allow easy
communication throughout the population, Furthermore, a consequence
of the high level of migrancy is that Basotho travel extensively in
Lesotho and southern Africa. The main channels of communication occur
along roads and briddle paths, and along the course of river valleys
in the mountains. As a result, knowledge of the development initiatives
'spread easily across the country. The tremendous growth in the demand
for village water supplies is evidence of this.

3. Number of Beneficiaries.

This being a demonstration project, it is impcssible to predict
with any accuracy the number of beneficiaries that will result from
the activity. Except for the direct beneficiaries (the trainees)
consisting of 140 VETS, 26 MORD staff plus 4 Peace Corps volunteers,
who will most conservatively help construct 10 devices per year thus
benefiting 2,500 village families over a three year period, allowing
for a 30 percent drop out rate. In addition to these directly
benefiting, there are all those who utilize the public institutions
on whicn a device has been installed, the inhabitants of low-cost
public housing project that receive technical assistance from the
project and those employed by and those who purchase devices from
small businesses that may well be established from the introduction of
the technology.

4. Social Preconditions for Effective Project Implementation.

The Lesotho RET project is characterized by the wide scope
of needs it is attempting to meet, and by the variety of technologies
considered; by the fact that many of the technologies proposed are
innovative in comparison with existing technologies; by the fact of
it being a ''self-help" project; and by the danger that technological
innovations might be developed without a detailed understanding of
village needs. In order to accomodate these characteristics and to
ensure effective project implementation it is proposed that the
following conditions are met:



(a) "Bottom~up" Planning. Rural villagers must be involved in
the design, planning and implementation of all villagn-level RET
activities. This condition will ensure that the technologies proposed
are responsive to specific needs in particular villages, and that the
project can be adapted to take account of problems and new insights
as they arise. The concept of "bottom-up" planning is not new to
the Ministry of Rural Development. It is the guiding principle of
the Area-Based Integrated Rural Development Programs and is ome of
the rural development strategies adopted in the Third Five Year Plan.
Fulfillment of this condition requires that the Project staff be
chosen and the structure and activities of the project be designed
so that they be responsive to village needs.

(b) Village-Level Support. Experience in Lesotho has shown that
self-help programs are not effective in the long term without substantial
support for village development institutions and village activities.

This and the previous condition necessitates decentralization of the
district community development offices. The need for support of village
level institutions has been discussed in several recent reports to

the Ministry of Rural Development (Feachem et al (1977), Wilmot (1978),
and UNDP (1978) and USAID (1979) and the Ministry is takii . steps
towards strengthening the District Offices.

(¢) Ongoing Evaluation/Process History. Furthermore, the Project
proposes an appropriate process documentation or process history
management structure which will enable the project integrate engineering
design and socio-economic data, cope with the broad scope of the project
and be responsive to villagers'needs. It is proposed that this
process of ongoing, internal evalwation of both survey and implementation
processes and RET design performance (efficiency) is adopted to meet
this need. This evaluation is discussed in section VI Program
Evaluation.

5. " Social Soundness of Proposed Technologies.
(a) Cooking. A study of energy consumption in Malefiloane

a mountain village, concluded that cooking consumed 687 of domestic
fuels. Villagers either cook on open fires inside or outside their
houses, or on paraffin (kerosene) stoves. Fuels burnt ‘n fires are
dried dung, brushwood, crop residues (especially maize c¢."s) dried
aloes and where possible, firewood. Coal is rarely available.
Firewood is the preferred fuel, but it is in very short supply.

The supply of dung fluctuates seasonally with the movement of cattle
to winter grazing grounds. Almost every household has at least ome

or two paraffin stoves. Fuel collection, whether to gather brushwood,
dung from the kraal, or paraffin from a trading store is ardous, time-
consuming work. In Malefiloane the viliage women walked 3.5 kms
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over a climb of 300 meters to the viilage's major fuel source.
Another study in Mokhotlong estimated that an average of between
3 to 4 hours is spent daily on fuel collection, with four times
that spent on water collection in the mountains.

Roughly speaking, fuel is required for three types of cooking:
heating water for tea, and other uses; short term cooking for foods
such as papa, most vegetables, and lesheleshele; and longer term
preparations such as beer, motoho and bread. Paraffin stoves or
fires might be used for the first two uses, while only fires are
used in the last category. Paraffin stoves are preferred for quick
cooking or heating operations, or when a women's time is at a
premium. All households have a selection of flat-bottomed and three
legged pots.

The provision of simple mud stoves inside a house would only
affect the first two categories of cooking. The stoves would have
to be designed such that they can be lit quickly to cater for short-
term cooking and water heating if they are to replace paraffin
stoves entirely. An additional outside structure capable of
heating large three-legged pots would have to be constructed to
cut down fuel use for all cooking purposes. The stoves would have
to be designed to fit the standard sizes of householders' pots and
pans.

The proposed technology does not entail a major change in cook-
ing practices and so it is not a high risk innovation. Their cost should
be kept considerably lower than paraffin stoves to encourage their use.
A cut in the amount of fuel that is needed may, to a very small extent,
disadvantage a handful of poor households who gather and sell fuel.
This aspect should be monitored in implementation but it is expected
that this will not seriously affect the village economy since the
stoves will not eliminate the need fo.: fuel-gathering. Further
comments on the social soundness of mud-stoves are presented in the
discussion on heating.

(b) Heating. The need for heating is felt throughout the
country, though particularly in the mountains where temperatures
remain close to freezing for many months in the year. The national
dress, a blanket, indicates the importance and need for warmth.
Cloudless winter skies enable villagers to keep warm during most
days - houses are traditionally sited to catch the early morning
sun - but other fuels are necessary for heating at night and at
dawn and dusk. Summers are warm, and overheating is not a great
problem.

Heating rondavels is most commonly accomplished by making a
fire in the middle of the hut and simply allowing the smoke to filter
through the thatch. The fire is also used for cooking.
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The thatch and dung linings of Basotho huts provide adequate insulation,
though windows and doors are major sources of heat-loss. Open fires
cannot be lit in the tin-roofed houses (which consist of approximately
5% of mouatain and 20% of lowland dwellings) and the only form of
heating is often a paraffin cooking stove. Paraffin heaters are

very rare in villages. Tin-roofed houses rarely have ceilings and
consequently become vary cold in winter and hot in summer. Heating

has been estimated to account for 30% of domestic fuel used.

The provision of simple mud stoves to thatched huts must be
accompanied by impruved insulation if the full function of open fires
is to be replaced. Mud stoves and improved insulation should also
be implemented simultaneously in tin-roofed houses if mudstoves are
to replace additional paraffin use for heating. A potential danger
of using mudstoves to replace open fires is that the lighting
function of fires is removed. The extent to which this will affect
the acceptability of the innovation, or will entail further cost
in additional candle and paraffin use, is not known for certain, but
we judge that the amount of light given out by most dung or brushwood
fires is minimal. The use of grass for insulation, the concept of
insulation and the skill of weaving are not new to Lesotho.

(c) Food Supply: Extending the Vegetable Growiqgiseason. The
short growing season, particularly in the mountains, 1s one reason
for the shortage of fresh produce in villages, and so contributes
to nutritional deficiency in Lesotho. Lack of vegetables in winter
and an absolute shortage of food in the '"hungry period", preceding
harvest-time, is an often expressed need. Only one vegetable crop
is grown in the mountains per year and it is more possible to sow
twice a year in the lowlands.

Intensive horticulture is not a traditional form of food supply
in Lesotho, although most households do have small private gardens,
and a communal garden program has been in existence for many years.

A great percentage of communal gardens established in the past are
now in disuse. The primary cause of the failure of communal projects
has been inadequate, poorly designed and unsupported village-level
management. Nevertheless, successful communal garden projects do
exist, particularly in the mountains where fresh vegetables are in

the least supply.

The most favored vegetables in Lesotho have green leaves -
cabbage, spinach, onion tops 2nd a variety of Sesotho vegetables -
but potatoes, beetroot, carrots, pumpkins and tomatoes are also eaten.
All of these vegetables besides potatoes, Sesotho vegetables and
pumpkins are grown in gardens. Most vegetable production is for
subsistence although surplus produce may be sold within the village
or at a district center,
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Grow hole greenhouses and communal greenhouses are both new
technologies in Lesotho and will require considerable extension work,
training of village cadre in their use, and local level support if they
are to be implemented effectively. The use of grow hole greenhouse,
which require less specialized expertise, should be encouraged as an
addition to existing individual gardens. Individual greenhouses
attached to homes are prohibitively expensive. Communal greenhouses
are less expensive per capita - although still a high cost activity -
but require horticultural expertise and, most importantly, efficient
village management.

It is recommended that communal greenhouses are only
proposed to villages which have existing successful communal gardens;
a nearby water source; access to a local market; and which have
adequate support from both agricultural extension agents and local
community development staff. The precedent of communal gardens
means that the style of village management required is not new.
The implementation of communal greenhouses should draw on the
experience gained from the communai garden program, and follow the
organizational pattern whereby the construction of the garden, and
the water supply and the provision of seeds are the oaly communal
activities. Plots within the greenhouse should be individually
owned.

(d) Food Production: Grain Grinding. The crops which
require milling are maize and wheat. Grinding by hand, the traditional
method, has become increasingly hard since the most widely used
varieties of seed have been selected for their nutritional and
storage capability and not for ease of milling. The traditional
method entails grinding the grain between two smooth stones. The
majority of households choose to have their grain milled at local
diesel mills despite the growing expense and often considerable
haulage involved., A very few households have purchased hand grain
grinders from the Republic.

The argument for the provision of pedal-powered grain
grinders is that they sould replace the need for haulage and the
growing experience of milling at diesel-driven mills. The proposed
technology is relatively novel, particularly the use of pedal-power.
Hand grinding is women's work and there is a small chance that
women will consider pedalling unbecoming. There is sufficient
precedent for women taking on traditionally male tasks for us to
judge that this will not prove an insurmountable barrier. Grain
grinders should be proposed to villagers as communal projects in
which the grinder would be owned by a women's grinding association.
The initial cost and maintenance costs would be provided by the
cooperative members, and training, support and maintenance expertise
would be provided jointly by MORD's AT Unit, an agricultural
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extension agent and local community development officers. Grinders
should only be proposed in villages where the necessary support staff
is available.

(e) Needs and Techmologies Requiring Feasibility Study.

The following needs and proposed technologies have been identified
as worth of further examination and discussion between the project
and ATU staff, and villagers in the course of the project.

(i) Water Heating. Water, for use in cooking and for
washing, 1s heated on stoves and open fires in villages,
Solar water heaters have been developed appropriate to
conditions in Lesotho, and a number have been implemented
in urban areas. Their provision in villages is not
likely to cause problems of acceptdbility, but the cost
of suitable water heaters on an individual basis is
prohibitive, and the maintenance requirements too
demanding. The project should, however, undertake
feasibility studies of communal washing facilities
which might te attached to the communal washing
facilities (initially clothes washing but possibly

also hody washing facilities) envisaged in the USAID
Lesotho Rurnl Water Supply Program and the proposed
Rural Sanitation Program,

(ii) Food Dehydration and Preservation. A substantial
amount of agricultural produce is lost every year through
poor food preservation practices. Furthermore lack of
facilities forces farmers to sell the bulk of their
produce when market prices arc at their lowest, and to buy
the same produce back at exhorbitant prices later in the
year. This unsatisfactory situation could be improved

by better food preservation technologies. The drying

of food is curreatly practiced in a number of village
households, although the range of foods is limited.

The most common are corn-on-the-cob, cabbage and peaches.
The food is not protected and is simply laid out on

sacks or on tin-roofs until ready for storage.

The reason this technology has been placed as a
second order priority is, firstly, that UNICEF currently
funds a project in the Ministry of Agriculture with the
specific purpose of developing and implementing village-
level food preservation technology. Any developments made
by this project would have to support, but not duplicate
the existing project. Secondly, the cost of individually
owned solar dryers, one of the technologies being considered,
is prohibitive, and the social consequences of communal
solar dryers would have to be worked at in greater detail.
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(iii) Irrigation: Solar Cell Pumps. Irrigation is not
commonly practiced in villages, but lack of timely watering
i3 a significant constraint to crop yields. The untimeliness
of the rains is an expressed problem faced by farmers.
Village irrigation appears sociologically feasible, but

more research into farmers' attitudes, the costs of
irrigation, and appropriate forms of village-level management
are necessary.

(iv) Passive Solar Heating. This heating technology has
not been considered a priority since it entails greater
individual expense, greater risk, and a greater innovation
in comparison with other ways of preserving heat. The
technology would, however, appear to be well-suited to
mountain conditions and might be introduced at a later
stage to supp!-ment other thermal technolugies.

6. Village-Level Management Issues. Two types of technology are
proposed: (i) technologies that are managed individually; (ii) and
technologies that are managed communally.

(a) Individual Technologies. The proposed technologies with
individual benefits are simple mud stoves, improved home insulation
and growhole greenhouses. Implementation of these activities will
be carried out by a Village Energy Technician (VET) who will have
been freely elected at a village meeting at which it was indicated
that villagers would participate in the project. One VET should be
trained per village. No strict selection criteria should be laid
down other than popular support, but it should be pointed out to
villagers that the job primarily concerns itself wich domestic
technologies and that the elected villager would be expected to
remain within the village and not to migrate to the Republiec,

The factors favor the selection of women for the posts.

Part of the VET's training will be the supervised construction
of demonstration projects at her/his own home. Thereafter, the VET
will be responsible for promoting, supervising and maintaining the
construction of similar facilities at other village homes, for a
standard fee paia by each household for each facility. The Distriect
Community Development Officer and the RET Project Field Supervisor will
be rasponsible for supporting the VETs in the settlement of village
disputes. The RET Project Manager, the Ministry of Rural Development
AT Unit and the district/regioral technical officers are the support
for the VETs in engineering matters. VETs should not, at this stage,
be paid by the Project or by GOL. Incentives include the training,
the status of the position, the use of a tool kit, a certificate
indicating the VET's skills and the small income derived from each
completed individual domestic facility.
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(b) Communally-Managed Technologies. The technologies
proposed that require communal management are communal greenhouses
and grain-grinders. Village-level management of communal activities
have a poor record in Lesotho. The chief problems in the past
have been inappropriately designed village level institutions, and
a chronic lack of support from governmment for vill a2 institutions.
The implementation of the recommendations contained in the Wilmot
report will, to a certain extent, alleviate the latter problem.

In general, the all-purpose Village Development Committee, many of
which are unelected, and were appointed by the Ruling Party's
political structure, remain an inappropriate form of village-
level management of development programs.

It is recommended that communal greenhouses and grain
grinders be managed by associations of fee-paying villagers formed
to manage and gain benefits from the technologies. These associations
will be similar to the Communal Garden Committees. In the case of
the communal greenhouses, suitable Communal Garden Committees will
simply take on an additional project. The Field Supervisor should
draw up a suitable association constitution for use in establishing
appropriate village management bodies.

VETs will be trained in the use of these technologies, and
their function will be to act as foreman during construction of the
greenhouse, to give technical advice on the use of the technologies,
and to carry out maintenance. The associations shouid decide for
themselves how they should reward the VET for her/his services, but
it is recommended that, to ensure long term success, the VET
should receive a small annual payment in a fashion similar to that
recommended for Village Water Minders in the USAID Lesotho Water
Supply Project. Some training in the use of their technologies
should be given to 211 greenhouse and grain grinding association
members.

Outside support on both physical and social issues is
crucial to the success of the communal activities. These activities
should be visited regularly by district community development staff
and the Field Supervisor.

7. Women in Development. All of the technologies to be disseminated
in the first stage of the project will be of primary benefit to women:
improved stoves, greenhouses, home insulation, grain-grinders. The same is
true of such additional "candidate" technologies as food driers and solar
water or space heating systems. Moreover, many women are likely to be pro-
vided a continuing source of income through training as Village Energy
Technicians. In sum, women will have access to the greater part of project
benefits.




38

C. Economic Analysis

1. Introduction

As is true throughout Africa, most eilergy consumed in rural Lesotho
is non-commercial: wood, dung, crop residues, human and animal labor. Un-
like Africans elsewhere, however, even relatively poor Basotho tend also to
use small amounts of kerosene for boiling tea water and (to 2 much lesser
extent) for cooking and space heating. In recent years, both sorts of
energy have become less accessible. The supply of wood and dung is increas-
ingly inadequate to meet demand. At the same time, dramatic increases in
petroleum prices have begun to cut deeply into the cash resources of the

poor,

This project will address both problems. Most of the systems
proposed would makes more efficient use of non-commercial energy: improved
wood and dung combustion efficiency stoves, better insulation, greenhouses,
and possibly such additional systems as solar space and water heaters. -A
second group of systems would directly reduce demand for petroleum products:
hand-operated grain grinders, along with such experimental devices as biogas
generators and small-scale hydroelectric systems.

At least in the initial stages of the project, economic benefits
will not lie primarily in foreign exchange savings or significant changes
in national consumption of petroleum products. Instead, the project's value
will be the sum of a large number of small improvements in the ways rural
Basotho are able to carry out basic tasks. The job of economic analysis is
therefore to be as certain as possible that the svstems being disseminated
will actually have benefits greater than their costs. These relationships
are examined from the standpoint both of a system's buyers and of the society
as a whole,

Techniques for carrying out this work are outlined in Annex I ,
""The Economics of Renewable Energy Systems for Lesotho.”" As noted in
that discussion, forms of analysis will differ depending on whether a
technology's benefits are largely quantifiable (Section A, below) or non-

quantifiable (Section B).

2. Technologies With Quantifiable Benefits

Of the technologies proposed for initial support through chis
project, three have benefits which are largely quantifiable: pedal-
powered grain grinders, community greenhouses, and grow holes greenhouses.
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(a) Pedal-Powered Grain Grinders. In analyzing this system, we make
the following assumptions:

A locally-fabricated kit, including grinding stones and hardware,
will cost R70 for a pedal-powered system able to produce 50
pounds an hour of medium ground grain.

- The system will last five years.

- The system will be used two hours per day, 150 days a year
grinding 15,000 pounds of grain annually,

- Operating labor costs RO.05 per hour, or R15 per year,
- Maintenance costs will average R20 per year in years 2-5,

- The renewable energy technician will be paid R10 for assist-
ance in the first year, and R2 in subsequent years,

- Commercial milling in rural areas now costs R,005 per pound,

These assumptions may well be too cautious, In practice,
the grinder is likely to be used more than 300 hours per year, thereby
enhancing its profitability. In addition, commercial milling charges are
rising rapidly as a result of sharp price increases for diesel fuel. Since
these charges determine the value of the pedal-powered grinder, benefits of
the systems are likely to increase over time., Finally, we have made no
allowance for the savings in labor which in the grinder's absence would be
required to carry grain to stores for commercial milling. Adequately to
value the reduction in this work would be to further increase the system's
economic appeal.

Even given the conservative assumptions listed above, however,
the economics of the grinder from the investors' point of view are extremely
positive, as shown in Table 1,
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Table 1: Benefits of Pedal-Powered Grain Grinder
to Investors (in Rands)

YEAR
1 2 3 4 3
Benefits
Commercial milling charges
foregone 75 75 75 75 75
- Costs
Construction Labor 5 -- -~ -- .-
Materials (kit) 70 .- -- -- --
Operating Labor 15 15 15 15 15
Maintenance -- 20 20 20 20
Technician's Services 10 2 2 2 2
= Net Benefit to Investors -gz gé ég §§ gg
X Discount Factor (30%) .769 .592 455 .350 .269
= Present Value to Investor =19.23 22.50 17.29 13.30 16.22

According to this calculation, the grinder has a Net Present
Value of R44.,08 and an Internal Rate of Return in excess of 100%. Clearly,
the investment is a very attractive one, although its high initial cost might
moke it difficult for individual families to afford. More likely, these
grinders would be purchased by local entrepreneurs or by women's grain-
grinding cooperatives, rather than by separate households.

From the national point nf view, the system will look even more
attractive. Lower shadow wages and discount rates will increase the rate of
return significantly. Since marketing 1is likely to be carried out by a
group such as the Basotho Enterprises Development Corporation (BEDCO), the
Government itself should incur minimal extension costs in promoting the
grinder, At least on the basis of preliminary analyvsis, use of the pedal-
powered grain grinder seems well worth encouraging.

(b) Greenhouse. Greenhouses are likely to be installed in
villages with already existing communal gardens, to be planted through
existing Govaernment programs. In analyzing the net contribution which

a greenhouse would make to the ecomnomics of such a garden, we make the
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following assumptions:

The greenhouse has a lifetime of 10 years.

Construction materials for a 30' by 50' greenhouse cost
R2000.

Four person-months of construction labor will be required,
at R12.50 per month.

Two crops (half tomatoes, half carrots) will be grown in
years 2-10, as opposed to one garden crop in the absence of
the greenhouse. In year 1, only one crop would be grown in
either case.

To deal with the extra crop in years 2-10, 70 person-days of

operating labor will be required, /.t R.50 per day, including

planting and harvesting. Additional operating labor in year
1 will cost RS.

The cost of seed is R.0l per square foot for tomatoes, and
R.04 per square foot for carrots.

One square foot will yield 10 pounds of tomatoes, at R.20 per

pound, versus 8 pounds of tomatoes per square foot in the green-
house's absence. One square foot will yield 10 pounds of carrots,
at R.30 per pound, versus 8 pounds in an open garden. The addit-
ional value of produce grova will therefore be R750 in Year 1

(one greenhouse crop) and R4500 in Years 2-10 (two greenhouse crops).
Note the crop yield estimates are based on opinions of the PP team
and of staff of the Ministry of Agriculture. These values could be
extremely variable given horticultural practices and seed varieties.
However the payback period and economic analysis will not be altered
significantly within the yield variations that could occur.

Scheduled maintenance requires painting the glacing every other
year (at cost of R30), plus whitewashing each year (at a cost of
R10). In addition, allowance is made for R100 per vear in
unscheduled maintenance costs.

The community will pay R20 for services of a renewable energy
technician in Year 1, and RS in later years.

Costs of transporting a portion of the additional produce to
market will be R30 in Year 1 and R200 in subsequent vears.
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Given these assumptions, the economics of the greenhouse will be
as shown in Table 2. ‘

Table 2: Benefits of Greenhouse to Investors {(in Rznds)

YEAR
1 2 3-10

Benefits
Additional tomato production (market

value) 300 1800 1800
Additional carrot production (market

value) 450 2700 2700
- Costs

Construction Labor 50 -- --

Greenhouse Materials 2000 .- -

Additional Seed .- 40 40

Additional Operating Labor 5 35 35

Maintenance 100 110 120

Technician's Services 20 S 5

Transport Costs 30 200 200
= Net Benefit to Investors =1455 4110 4100
X Discount Factor (30%) .769 592 1.730
= Present Value to Investors -1119 2433 7093

The greenhouse appears extremely profitable from the investors'
point of view, paying for itself by the end of the project's second year.
Even if we were to assume that only one crop of vegetables were to be grown
annually over the system's ten-year lifetime, the greenhouse would still have
a positive Net Present Value of R270 at a 307 discount rate. Although not
all benefits will be in form of direct pavments for vegetables, returns are
sufficiently great that actual cash flows should be positive by quite early in
the project,

The only real issue here would appear to be the system's high initial
cost --about R133 per garden plot for materials alone, assuming 15 plots per
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greenhouse. To deal with this following the project's pilot phase, the
Ministry will need to create a revolving loan fund for greenhouse constr-
uction, according to patterns already established for financing of compar-
able Ministry projects.

From the national point of view, the greenhouse is equally
attractive. Even assuming a requirement for an additional two months of
agricultural extension assistance per year, at R100 per person-month, the
greenhouse achieves a positive Net Present Value in social terms during the
project's second year, As an added dividend, greenhouses would serve vital
Government policy objectives by reducing food imports from neighboring
countries.

(¢) Grow Holes. To analyze grow holes, we make the following
assumptions:

-A6' x 6' grow hole will require R4,27 in materials (depending on the
durability of the covering) and Rl in construction labor.

- One crop of 1000 cabbage seedlings (worth R.0l each) and one crop of
tomatoes (405 pounds in Year 1 and 810 pounds in subsequent years, at
R.20 per pound) will be grown annually..

- Seed costs R.006 per square foot to produce cabbage seedlings and R.Ol
per square foot to produce tomatoes.

- Operating labor costs R10 per year.

- The renewable energy technician is paid R2 for services at the beginnning
of the project.

Under these circumstances, the grow hole would have a positive
Present Value of R38.45-56.14 (depending on materials used) in the first
year alone, at a discount rate of 30%, From the point of view of both the
investor and the nation, this is a system of considerable economic promise.
Even if extension assistance on the order of a month annually were required
on the Government's part, Net Present Value in social terms would be positive
by the end of the project's second year.

3. Technologies With Unquantifiable Benefits

Of the systems proposed for initial support through this project, improved
stoves and home insulation provide benefits which are in major part unquantif-
iable.
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(a) Dung-Burning Stove. We assume the following of our

stoves:
- Raw materials (mud and stone) are free.

- About three days of construction labor will be
required on the part of the stove's owner.

- Three days of assistance will be required from
a renewable energy technician, at a cost of
approximately R3.

- Although coocking will be done inside, smoke will
be vented outside the home.

- If operated properly, the stove could increase by
three times (from 4% to 12%) the efficiency with
which dung is used for cooking.

This appears to be a very worthwhile investment. For R3 in
cash and three days of work, the investor achleves a continuing reduction cf
two-thirds in the amount of labtor involved in collecting, hauling, and drying
dung for cooking, as well as a dramatically cleaner and healthier living envir-
onment, Interviews suggest that -Basotho will value such benefits highly,
assuming they can be clearly demonstrated under village conditions. From the
national point of view, additional benefits include improvements in soil
quality as dung is left on the ground instead of being burned.

(b) Home Insulation. We assume the following of locally-made

insulation:

- To insulate a 10' x 15' square house with metal roof
requires R2 worth of aluminium foil, plus about eight
days of labor to weave grass matting and install the
system.

- The insulation should last three years without need for
significant repairs,

- About R2 would be paid the renewable energy technician
for advice and assistance.

= In winter, the insulation could cut use of heating fuels
by 757. In summer, the insulation would avoid the over-

heating characteristics of houses with metal roofs, adding
greatly to the comfort of the occupants.
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As with improved stoves, considerable advantages appear
to follow from home insulation at minimal cost to the user. For eight days
work and a cash outlay of R4, great increases in comfort would be possible
within the home during both winter and summer months. Again, interviews
suggest that a high value would be placed by Basotho on such benefits. For
people who use kerosene for space heating, a significant reduction in fuel
expense would also result, From the national point of view, any such savings
in commercial fuel used would strongly reinforce the appeal of what in any case
s¢ems an attractive investment,

4, Information-Gathering

Although the analysis above is based on the best available data, information
is relatively '"soft" for such key variables as these: vegetable yields in
local greenhouses as opposed to open gardens, the extent of markets for seed-
lings and produce, the durability of dung-burning stoves or grain grinders,
the effectiveness with which stoves and insulation systems would be used under
actual operating conditions, the actual or imputed cost of labor for operat-
ing the systems under review, and so on. Only through local survey work and
testing of pilot technologies can more reliable data be gathered on these and
related points.

Part C of Annex I suggests the kinds of economic information which the
project will need to collect, along with the uses which should be made of
this, To help ensure that this work is adequately done, a consulting
economist will be employed at the outset of the project to assist in design
of the survey instrument and monitoring system. Additional economic reviaw
will be provided by short-term consultants throughout the project's lifetime.
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Financial Plan

A. Summazz

The total AID cost of this project is $1,600,000 and the total
measurable GOL contribution is $77,000 or 4.1 percent of the total
project cost. Lesotho is on the UN's list of "Least Developed
Countries'" and as such has a very limited amount of financial
resourcas. The entire GOL budget in fiscal year 1977/78 was only
$58 million, among the lowest of any country in the world.

Outside of foreign assistance, Lesotho is heavily dependent upon
receipts from the Southern Africa Custom Union to finance
Government expenditure. Under the Custom Union Agreement Lesotho's
revenues amounted to R51.2 ($61.4) million in 1977/78. Through
reformalization of Custom Union duties, the GOL recurrent revenues
are anticipated to decrease after fiscal 1979/80. With the
projected decrease in revenue and expenditures increasing sharply
(from R33.7 million in fiscal 1976/77 to R53 million in fiscal
1978/79), a budgetary crises seems very possible by fiscal
1981/82. Unfortunately this negative trend will undoubtedly

be exacerbated by the recent price increases in crude oil

effected by OPEC. These circumstances make it virtually
impossible for the GOL to finance 25 percent of total project
costs. A waiver of FAA Section 110 (a) will be required in
conjunction with project approval and is hereby requested.

While the energy saving technology and related devices
introduced by the project will result in comnsiderable cost
savings to the GOL in the long run, the short term benefits
will be the significant improvements in the living conditions
of the rural Basotho. Since the rural poor consume very little
petroleum products now, the project will not have a direct
impact on Lesotho's 0il consumption.

In addition to many indirect contributions that the GOL
will make to the project, eight new permanent positions have
been provided in the Ministry of Rural Development to form the
core of personnel who will implement the project. Assuming a
successful project and a decision to undertake a national
program, the GOL is expected to increase the permanent staff
to the extent required to replace the AID financed technical
staff by the end of the project. In addition, the GOL will
have the recurring cost of maintaining the workshops, the
laboratory and the regional training facilities. However, the
GOL will not have the recurring cost of the construction and
demonstration materials as it is expected that the value of
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the energy saving devices will have been sufficiently demonstrated
so that people will be willing to purchase them.

3. AID Input
1. Technical Assistance - $554,000

The project will provide an expatriate Physical Scientist
as the Project Coordinator for the life of the project (3 years).
He will be assisted by a Social Scientist, Laboratory Supervisor,
Administrative Assistant and a Stock/Supply Manager. These four
positions will be filled locally by the most qualified candidates
available. Recruitment and hiring will be the responsibility of
the firm providing the Project Coordinator. It appears that it
may be necessary to hire TCNs from a Code 941 source or Americans
(ex PCVs) locally to fill the Social Scientist and the Laboratory
Supervisor positions.

The Project Coordinator and his permanent staff will be aug-
mented by consultants as required over the life of the project.
Consultancies in training (10 m/m) stove modification (2 m/m) are
anticipated.

2. Commodities - $583,000

Five vehicles will be purchased locally to insure adequate
maintenance and spare parts availability and to conform to the
Ministry's vehicle standardization policy. The budget includes
$50,000 for this purpose. The project will also fund the special-
ized scientific equipment required by the technology. Media
equipment and supplies ($40,000), curriculum materials ($46,000),
laboratory and scientific equipment ($125,000) and reserach and
development equipment ($125,000) will be funded through the
technician services contract. Energy saving devices construction
materials ($140,000) and shop equipment will be financed directly
from the project and outside the technician services contract.

3. Training Costs - $101,000

Local training expenses ($59,000), Peace Corps Volunteer
training ($2,000) and training equipment ($40,000) will be funded
through the technical services contract.

4. Construction - $64,000

It is anticipated that the design for the energy efficient
Project Coordinator's house ($15,000) will be provided through a
direct AID contract and construction ($49,000) will be provided
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through a host country contract awarded by the Ministry of Works.
Construction will be closely supervised by the Project Coordinator.

5. Support Costs - $65,000

Support costs for vehicle operation, repair and main-
tenance will be financed directly from the project and outside of
the technician services contract.

6. Inflatiom - $127,000, Contingency - $106,000

Reasonable amounts have been budgeted for inflationm
and contingency for the life of the project. The budget for total
AID inputs is deemed to be accurate and firm.

C. GOL Input
1. Support Costs - $77,000

The GOL will provide eight permanent staff within the
Ministry of Rural Development ($66,000) for the life of the project.
The Ministry will also provide office space, laboratory space and
warehouse space ($6,000) for project activities,

D. Other (Peace Corps) Input

1. Technical Assistance - $168,000

The Peace Corps will provide the services of four volunteers
over the life of the project.
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DETAILED COST ESTIMATES
(u.s. $ 000)

AID INPUTS

Technical Assistance

Program Coordinator (PHYSICAL SCIENTIST) - 3
Field Supervisor (SOCIAL SCIENTIST) - 3 yrs

Laboratory Supervisor - 3 yrs

. Administrative Assistant - 3 yrs

Stock and Supply Manager - 3 yrs
Short Term Consultants (20 person months)

External Evaluation

Sub-Total

Commodities

1. Vehicle Purchase (5)

2. Media Equipment and Supplies

3., Curriculum Materials

4, Laboratory and Scientific Equipment

5. Research and Development Project's Equipment
6. Energy Saving Devices Construction Materials
7. Shop Equipment

Sub Total

Training Costs

1,
2.
3.

Local Training Expenses
Peace Corps Training

Tool Kits and Training Equipment

Sub Total

TABLE I

COST

yrs 250
75
75
15
15
120

554

59

40
101
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D. Construction
1. Design ($15) and Construction ($49) of Program

Coordinator's house. 64

E. Support Costs

1. Vehicle Operation and Maintenance 65
F.. Inflation 127
G. Contingencies 106
TOTAL AID INPUTS 31:600
GOL INPUTS
A. Support Costs
1. GOL Staff (Eight Positions) 66
2. Office Space/Laboratory Space 3

3. Warehouse Space/Land for

Program Coordinator's house,

site preparation and utilities hock-up 8
TOTAL GOL INPUTS $§77
-
OTHER INPUTS

A. Technical Assistance
1, Four Peace Corps volunteers, each for 3 years. 168
TOTAL OTHER INPUTS $168
TOTAL PROJECT INPUTS $ 1,845
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PROJECT INPUTS

TECHNICAL ASSISTANCE
COMMODITIES

TRAINING
CONSTRUCTION

SUPPORT COSTS
INFLATION

CONTINGENCY
SUB-TOTALS

TOTALS
PERCENTAGE

1/ Four volunteers

SUMMARY COST ESTIMATE AND FINANCTIAL

AID
FX Lc
550 4
189 394
101
15 49
65
70 57
58 48
882 718
1,600
87%

provided by Peace Corps

PLAN
(35S $ 000)

GOL
FX Lc
77
- 77
77

4H7

OTHERL/
FX Lc
84 84
84 84

168
9%

TABLE 2

15

70

58
966

TOTAL

1,845
100%

394

101

49

142

57

48
879
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PROJECT INPUTS

AID

TECHNICAL ASSISTANCE

COMMODITIES

TRAINING

CONSTRUCTION

SUPPORT COSTS
SUB-TOTAL

GOL
SUPPORT COSTS

OTIHER (PEACE CORPS)
‘IECHNICAL ASSISTANCE

TOTAL PROJECT

127
112
118

15
372

17

389

NOTE:

COSTING OF INPUTS/OUTPUTS

19

84

375

OUTPUTS

No.
No.
No.
No.
No.
No.

AWV EWN -~

(us $ 000)

No 3

122
299

15
436

17

84
537

234

18

252

RET staff trained and in place
Village RET implementation process established
Village RET's introduced/evaluated
Research RETS established/evaluated
Research and development laboratory operational
Energy efficient house constructed

No 5

136
43

15
194

195

TABLE 3

97

TOTAL

647
684
118
75

76
1,600

77

168

1,845
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PROJECTION OF EXPENDITURES

BY FISCAL YEAR

(us$ 000)
AID INPUTS 80

A. Technical Assistance
1. Program Coordinator 50
2. Field Supervisor 12
3. Laboratory Supervisor 12
4. Administrative Assistant 2
5. Stock and Supply Manager 2
6. Short Term Consultants 60
7. External Evaluation 1

B. Commodities

Vehicle Purchase 50
. Media Equipment/Supplies 20
Curriculum Materials 23
Laboratory/Scientific Equipment 100

Research/Development Equipment
. Energy Devices Construction Materials
. Shop Equipment 20

NV WN -

FISCAL YEARS

TABLE &4

81 82 83
30 80 40
25 25 13
25 25 13
5 5 3
5 5 3
30 10 20
1 1 1
5 5 10
12 11

25

75 80

45 45 50
7

TOTAL

250
75
75
15
15

120

50
40
46
125
155
140
27
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AID INPUTS

C. Training Costs

1. Local Training Expenses

2. Peace Corps Training

3. Tool Kit/Training Equipment
D. Construction

1. Program Coordinator's House
E. Support Costs
F. Inflation

G. Contingencies

TOTAL AID INPUTS

GOL INPUTS

A. Support Costs
1. GOL Staff
2. Office/Lab Space
3. Warehouse Space/Land

TOTAL GOL INPUTS

Other (Peace Corps) Inputs

A. Technical Assistance
1. Four PCVs

TOTAL PROJECT INPUTS

80

10

15

50

10

34

473

11

16

28

517

81

20

10

14
22
56
30

492

56

572

TABLE 4 (Cont)

82 83
20 9
10 5
22 11
47 24
27 15
418 217
22 11
1 1

1 1
24 13
56 28
498 258

TOTAL

59

40

64

65
127
106

1,600

168

1,845
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V. Implementation Arvangements

Many of the arrangements for project implementation have already been
described in the Technical Analysis and the Project Description as
well as the annexes. They need not be repeated here. In this section,
anticipated implementation issues will be examined and a tentative
schedvle of project events will be presented, as will a discussion of
procurement of project inputs.

Implementation Issues

A. Recruitment of technicians - program coordinator (physical scientist),
field supervisor (social scientist), and laboratory supervisor. The
program coordinator is the field representative of the contractor and

is responsible for, among other things, scheduling short term assistance.
This position should thus be filled by an American from the contractor
home office staff or at least be extremely well known to the contractor
home office.

The social scientist needs operational knowledge of the Lesotho village
environment, including language capability. He thus should be recruited
locally. While no qualified Basotho are known at the present, the
project would consider employing ome for this position. There are
known, qualified and interested code 935 personnel in the area and, if
necessary, a waiver will be issued for recruitment of one of these.

While it is not essential, local knowledge would be highly beneficial
for the laboratory supervisor. Five qualified Peace Corps volunteers
who will soon become available are interested in the position and the
design team projects recruitment of one of these,

As the latter two positions will be recruited locally, a low person year
cost is projected. Should costs be higher than projected, adjustments
will be made in the contingency account and in other line items.

B. Construction of Energy Efficient House. The design team technician
and the mission engineer calculate that a house reducing heating costs
by 75Z can be constructed with locally available materials for about

one thousand dollars more than the standard Pitso IV model. The house
will contain only two bedrocms and 1800 square feet as opposed to three
bedrooms and 2300 square feet for the Pitso IV. The additional costs
will involve primarily a second row of concrete blocks in the north side
wall, locally made multilayer aluminum foil thatch insulation over the
ceiling, and special floor insulation, movable insulation for double
glazed windows, passive domestic hot water, and grey water treatment.
The house will be designed under the AID/W architectural requirements
contract but constructed locally under the close supervision of the
program coordinator. The desire to have the program coordinator present
for construction accounts for the $10,000 for housing rental during the
project's first year.
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Procurement

As a major feature of the project is the use of locally available
materials, most commodities will be purchased locally off the shelf.
The specialized scientific equipment, communication media equipment,
and specialized shop equipment will be purchased in the United States
by the Program Coordinator.

As explained in the waivers annex, 935 vehicles will be purchased in
accordance with GOL standardization policies, maintenance requirements
and possibilities, and host country driving conditions. All durable
goods will be turmed over to the GOL upon project completion unless
AID finances a follow on project. The energy efficient demonstration
house will be used by AID technicians as long as required. When no
longer required for such use, it will be turned over to the GOL.

It is assumed that the U.S. contract for technical assistance will be
reserved for small business or minority firms.
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C. PROJECT IMPLEMENTATION SCHEDULE

(See RET Program Implementation Chronology)

Timeline
Months Activity Responsibility
D Sign RET Project Agreement GOL/USAID
D+2 AID/W Release R.F.P. AID/W
D+6 Support Services Contract Award; Project Begins AID/W
D+8 Contract Start-Up - Staffing AID/W - Contractor
D+10 Project Staff Orientation US/Lesotho Contrictor
D+10 Program Coordinator's Passive Solar House Contractor/GOL
Construction (4 months completion time) USAID
D+10 Process Evaluation Group Meeting Contractor/Field
(begin - held every two weeks) Supervisor
D+10 Begin monthly Program Advisory Meeting Contractor/
Begin monthly Technical Reports to Staff Program Manager
MRD and BEDCO Newsletter
D+10 GOL Appropriate Technology Unit Hired GOL/MRD
D+10 Program Organization and Procurement Contractor/USAID
D+12 Staff Training (Language) Contractor/Consuliant
D+13 Staff Training (Evaluation Process) Contractor/Consultant
D+13 Staff Training (Technology) Contractor/Consultant
D+13 Village Meetings, Presentations and Survey Contractor/Field
Begin Supervisor
D+13 Village Energy Technicians (VET) Contractor/Field
Trainees Selected Supervisor
D+14 Train first group of VET Trainees at RET Contractor
Rural District No. 1 (Mokhotlong Farmers
Training Center)
D+14 Set up RET Research Laboratory in Maseru Contractor/MRD/GOL
D+17 Begin Construction of Village Demonstration Contractor
Units (continue throughout program)
D+18 Annual Report Contractor
D+18 MRD AT Unit Assumes Responsibility for MRD AT Unit

Training and Survey Activities 1
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Timeline

Months Activity Responsibility

D+20 Begin R&D Unit Pilot Project Contractor
Install Methane Digester Plan*t at Masianokeng
Feedlot

D+21 Formal Program Eval-uation Conference Contractor

D+22 First VET Group Begins Village Construction VETs/Contractor
of Household and Community RET Units

D2 Train 2nd VET Trainees Group (60 Trainees) Contractor/AT Unit
at RET Rural Distrct No. 2 (Qachas Nek)

D+24 Evaluation of MRD AT Unit Training and Contractor
Administrative Capabilities 1/

D+26 Second R&D Pilot Project - Install Mini Contractor
3 to 5 kw Hydroelectric System to Replace
Diesel Electric Generator Located at Clinic
in the Ha Lejone-Rampais Areas

D+26 Second VET Group Begins Village Construction VETs/Contractor
of Household and Community RET Units

D+28 Annual Report Contractor

D+30 Evaluation of MRD AT Unit Training and Contractor
Design Capabilities 1/

D-32 Train Third VET Trainees Group (60 Trainees) MRD AT Unit
at Rural District No. 3 (Mohale's Koek Farmers
Training Center)

D+36 Evaluate MRD AT Unit Training Capabilities Contractor
and Survey Effectiveness

D+36 Third VET Group Begins Village Construction VETs/MRD AT Unit
of Household and Community RET Units

D+38 Formal Program Evaluation Conference MRD

D+40 Final RET Program Report Contractor

D+40 End RET Program MRD/USAID

1/ Important milestones in RET Program
e.g., transfer of responsibilities
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VI. Evaluation

Evaluation has been treated as a program component and discussed in
Section II. B, 3, This was felt to be necessary by the PP team because
of the unique part the internal program evaluation process plays in the
RET implementation and management functions. The proposed evaluation
comprises an ongoing process documentation procedure with formal feedback
mechanisms to all levels of the Program, e.g., Program Coordinator, MORD
staff, VET corps and the village using RET units. This procedure will
provide the basis for good program management and for the development ot
a viable and well understood village RET implementation process.
The project is designed around the evaluation process using a formally
structured body called the Process Documentation Group for collection
and analysis of all data. This evaluation structure and feedback loop
is shown in Chart No. 5, entitled "Village Level Implementation Process"
and Chart Noc. 8, entitled "RET Program Organization',

All formal documents reporting program status or progress will be
compiled by the Process Documentation Group, e.g, evaluation of MORD
capabilities and annual and final reports, The primary objective of
these reports is to discuss developmant of the village-level RET implement-
ation process, progress towards meeting program objectives and technologic-
al developments. The schedule for these deliverables is given in Chart
No. 7, entitled "RET Program Implementation Chronology". External program
evaluation will be performed by the LDTC Service Agency under the Ministry
of Education. In summary, the evaluation procedure proposed for the
RET program is comprehensive from an internal process and overall program
management point of view, It is estimated that about 207% of the program
effort will be devoted to this activity,

AID will draw upon these program evaluation documents as well as
program personnel in producing an annual PES. The PES's will be
produced by mission staff, REDSO staff, outside consultants under PDS
funding, or some combination of the three.

One of the tasks involved in the second annual PES preparation will
be to determine whether there should be a major, outside evaluation
toward the end of the project and, if so, define evaluation team qualif-
ications and requirements plus their scope of work. The evaluation
would be funded with PDS funds.
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ViI. Conditions Precedent, Covenants and Negotiating Status

A. Conditions Precedent

Prior to the execution of the technical services contract, the Grantee
will furnish to AID satisfactory assurance that:

1. The AT Section Chief in the MORD has been hired.

2. A suitable plot of land has been identified and obtained for the
Program Coordinator's house.

3. Office space, warehouse space and laboratory space has been identified
and will be available at project start-up.

B. Covenants
The Grantee will covenant that:

1. An Appropriate Technology Section with eight full time technical employees
has been established (but not necessarily fully staffed) in the Ministry of Rural
Development. The Section will be funded for the full three-year life of the prec-
ject.

2. Project personnel in the AT Section will be qualified for training in
the technologies being introduced.

3. Space will be made available as required by the project at the farmer
training centers in Mokhotlong, Qacha's Nek, and Mohale's Hoek.

4, Periodic meetings will be arranged (as will be specified in Implementaticn
Letters) between USAID, Program Coordinator, Ministry of Rural Development,
Ministry of Planning and Development and Ministry of Finance for the purpose of
reviewing project progress and action to be taken by the Ministry of Rural
Development to take over the activities and functions of the AID-financed
technical assistance team, who will be phased out within the project three
year life.

C. Negotiating Status

During the course of PP preparation the design team met several times
with the Acting Permanent Secretary for Planning, the Permanent Secretary for
Rural Development, their supporting staff, and appropriate staff from related
ministries. The draft PP was reviewed at a final meeting of all related ministTies,
including Pinance, which reviewed the project for recurrent cost and absorptive

capacity implications. The GOL then stated its concurrence per Annex H in basic
project approach.
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CHART ¢ 6

C. RET PROGRAM IMPLEMENTATION SCHEDULE

(See RET Program Implementation Chronalogy)

TIMELINE
MONTHS ACTIVITY RESPONSIBILITY
D Sign RET Project Agreement GOL/USAID
D+2 AID/W Releases R.F.P. USAID/W
D+6 Support Services Contract Award USAID/W
Project Begins
D+8 Contract Start-Up - Staffing USAID/W - Contractor
D+10 Project Staff Orientation Contractor
US/Lesotho
D+10 P.M. Passive Solar House Construction Contractor/GOL
(4 months completion time) USAID
D+10 Process Evaluation Group Meeting Contractor/Field
(begin - held every two weeks) Supervisor
D+10 Begin monthly Program Advisory Meeting Contractor/
gegin monthly Technical Reports to staff Program Manager
MRD and BEDCO Newsletter
D+10 GOL Appropriate Technology Unit hired GOL/MRD
D+10 Program organization and procurement Contractor/USAID
D+12 Staff Training (Language) Contractor/
Consultant
D+13 Staff Training (Evaluation Process) Contractor/
Consultant
0+13 Staff Training (Technolagy) Contractor/
Consultant
0+13 Village meetings, presentations and Contractor/Field
survey begins Supervisor
0+13 Village Energy Technicians (VET) Contractor/Field
trainees selected Supervisor
D+14 Train 1st group of VET trainees at Contractor
RET rural district #1 (Mokhotlong
Farmers Training Center)
D+14 Set up RET Research Laboratory in Contractor/MRD/GOL
Maseru
0+17 Begin construction of village demon- Contractor
stration units (continue throughout
program)
D+18 Annual Report Contractor
D+18 MRD AT Unit assumes responsibility MRD AT Unit
for training and survey activities.
0+29 Begin RSD unit pilot project Contractor
install methane digester plant at
Masianokeng Feedlot
0+21 Formal progrfram evaluatfion conference Contractor
D+22 First VET group begins village construc- VETs/Contractor
tion of household and community RET units
p+22 Train 2nd VET trainees group {50 trainees) Contractor/ATUnfit

at RET rural District #2 (Qachas Mek)



TIMELINE

MONTHS ACTIVITY RESPONSIBILITY
D+24 *Evaluation of MRD AT Unit training Contractor

and administrative capabilities
D+26 Second R&D Pilot Project - install mini Contractor

3 to 5 kw hydroelectric system to replace
diesel electric generator located at clinic
in the Ha Lejone-Rampais areas

D+26 Second VET group begins village construction YETs/ Contractor
of household and community RET units

D+28 Annual Report Contractor

D+30 *Evalyation of MRD AT Unit trafining Contractor
and desion capabilities

D+32 Train 3rd VET trainees group (60 trafnees) MRD AT Unit

at rural district #3 (Mohale's Hoek
Farmers Training Center)

D+36 Evaluate MRD AT Unit training capabilities Comtractor
and survey effectiveness

D+36 Third VET group begins village construction VETs/MRD AT Unit
of household &nd community RET units

D+38 Formal program evaluation conference MRD

D+40 Final RET Program Report Contractor

D+40 End RET Program MRD/USALD

* {mportant milestones in RET Program
e.g. transfer of responsibilities



RET PROGRAM IMPLMENYATION CHRONOLOGY

ACTIVITY

FIRST PROGRAM YEAR

emMpen®>

Sign project agreement

Request for Proposal (60 days)
Prime contract award (90 days)
Contractor start-up period

Staff orientation/planning
Program organization/procurement

Staff Training
Language
Evaluation Process
Technology

Village Presentations/survey

VET selection

Train AT Unit

Train VET 1st group

Set up RET laboratory

Village demonstration units

R&D activities

Solar house construction

Train VET 2nd group

Build household and community units
AT Unit assumes training responsibility
Train VET 3Ird group

Evaluation

AT Unit capability )
Process evaluation group
Advisory comittee

Monthly Technical Report (BEDCO news’etter)
Annual Report
Final Report

X----X
X----X
X----X
X----X
X----X
X----X
) T S
- -
X----X
X-eeuX
X----X

X--

+_continuous '

_ SECOND PROGRAM YEAR

|_1miro PROGRAM YEAR

CUMRT # 7

X
----- X
[)

X----X X

) S ) S—

L ETT T Ry

Y—— X ——— - conilinuous

) SR X X

XXXxxxx
XXXXXXX

XXXXXXXXXXXX
KXXXXXXXXKXX
X---- X

XXXXXXXXXXXX
XXXXXXXXXXXX
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Minister of Rural Tevelopment

Permanent Secretary

CHART 48

TYERGY TECHENCIOGY PROCRAM CRCANIZATION

Planning Unit

L

Rura) Dcvelopment Co=ordinator

RET Planning
Desk Qfficer

Member of
Planning Unit

Renewable Eneryy

:T

(Solar Edgineer)

RET Activitie
Coordinator

Technology Projct al
ProgramCoordindtor ¥
RET Program Advisory
Committee
Administration

& Accounting

Admin. Assistant
Supplies Manager

Process Evaluation Group

Program Evaluation
Unit

Program Feedback

|
I
I
|

|

.

Field Supervisor

Program Upgrading

-

Program Training
unit

Village Znergy
Technicians

Consultants and
Program Manager

Responsible to Village OrganizationsL

I

!
|

|

| village water

Suvply Section

b

il

N

Avpropriate
Technology
Section

Village Demonstration

Resesrch and ] Program
Development
Laboratory >
Laboratory Zducation
Supervisor
Conatruction
Repair

Operational Training

o
]

| Soil Conserv,

Section

m—r—

-

Comnmunal
Gardens
Section




MATCHING BASIC MEEDS AND RENEWABLE ENERGY TECHNOLOGIES

(Based on preliminary P.P. survey) CHARY £ 9
FELT NEED PRIORITY TECIHNOLOGIES - BENEFICIARY EFFECT
Coaking Wood and Dung Burning Mud Stoves Women Saves Money and Fuel
Food Supply Grain Grinding and Grain Storage Nomen Saves Honey and Time
Space Heatiny Thatch Insulation and Weatherization Family Conserves Fuel/Marmer Houses
Food Production Grow tlole Greenhouses Homen/Family Employment and Cash Generation
Foud Production Community Passive Solar Greenhouse Village Increase Food Supply
Better Nutrition
. 4
ABSTRACT NEEDS CANDIDATE TECHMOLOGIES BENEF ICIARY EFFECT
>
Food preservation Solar Food Dehydrators Family Improves Diet :,
Space Feating Passive Solar Mass Wall Family Reduced Respiratory Disease
Attached Passive Solar Greenhouse Saves Fuel
Cosmunications Sofar Cell Trickel Battery Chargers - Village Improved Education
Improved Clinfic Performance
Irrigation Solar Cell Water Pumping Village Improved Crop Yield
Water lleating Passive Batch/Thermosyphon Water Heaters Women Saves Fuel and Mowey
(Institutional Improves Village Health
Structures)
REGIONAL NEEDS :
IMPACTING RURAL POOR RESEARCH AND DEVELOPHENT TECHNOLOGIES BENEF ICTARY EFFECY
Utility (Electricity) | Feedlot Anerobic Digestion System Regfonal/National | Replaces Ofesel/Improved Cattle Sales

Energy Replacement Hini Nydrodynam'ic Electricity System Village/National keplaces Diesel Fuel




LESOTHO MINISTRY OF RURAL DEVELOPMENY
ORGANIZATIONAL CHART

l Minister '

lgfer-auent Secretary

Deputy Permanent Secretary

CHART 10 of Rural Development
| Rural Development Courdinator ']
1 ) | 1 | N — i 1 ! X 3
Soil Coumunal Appropriate Community Roads Building oot Bridges Village
Lonservation Gardens Technology Development Mater Supply
| - ;__—_':I:““ 1 I 1 | I I |
onservation entor Hortl- Solar Chief Conm. Chief Tech- Chief Tech-§ [Chief Techni- Chief
Officer cultural Off. fngineer Pevelop. OFF. | Inical Off. nical Off. cal Officer Engineer
L | I | I 1 | | )
Senfor Asst. fortfcultural] fAsst. Solar Kenfor Coma. Principal Principal rincipa enfor
Conser. Off. Officer Engineer Pevelop. Off.| | Tech. OFf. | I1Tech. Off, Tech. Off. Engineer
T | I 1 1 T I
Asst. Conser. egional Senfor Tech. [ Pist. Comn. Senior Senior Senfor Engineer
Officer hlorti. Off. Officer Devel. Off. Tech. Off. Tech. Off. Tech. Off.
X 1 X I 1 T 1
Land Technical Senfor Conw. Technical Technical Technical Assistant
Surveyor Assistant Pevel. Asst. Officer Officer Officer Engineer
JSenfor Conser.
Assistant Senior Tech.
Officer
 §
Technical
Officer
Conservation Horticultura iYlage Energy] [Comm. Devel. Technical Technical Technical Technical
Assistant Assistant Techaician Assistant Assistant Assistant Assistant Assistant

| St;ff l

l Sta}fl

[er]

|'§I:rf|

l Staff '

l Staff I

l Staff l

orT - V¥
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VILIAGE INFRGY USE - PER FAMILY OF AR

(JWRT NO. 11

FURL, CAIIRIC VAR CosT AVERAGE ESTIMATED CFFECTIVE CQOMMENTS
DRY WT BIU/1B $™M B1Y CONSIMPTION CONSUMPPTION TIMI'FRATIRE
LBS/DAY/TFAMILY ’ER PAY/FAMILY °F
Cow Dung 3837 (0.0) 7.40 1.71bs 600 no flame
) (6523 BIV)
Wood
(wattle) 8600 (0.0) 8.22 1.851bs 1300 flome
(15910 BTV)
Rrushwood 7800 (0.0) - 1500 fast combustion
Aloc 7400 (0.0) fast combustion
Keroscne
(paraf€in) 19465 20.40+ .201ts .101bs 2000 expensive
(1947 R1U)
Gasol ine
(petrol) 18571
Diesel 19200
Solar 2
(®@inter) 916/£t; (hz) 1.15 70,000BTU 9% space heating
1712/€t" (vt) 10yrs. 125,000BTU 150
Soft coal 11154 1600
Charcoal 12505 1500
Pedal Power
(grain gmd) S00/hrt 4.5 4,800BTV 70 grain grinding
10yrs.
Solar Cell SOBlU
/£t°/hr
Ethanol 11000

*efficiencies accomted for



Appendix B

EQUIPMENT AND MATERIALS LIST

I. Equipment Lists (See Summary Cost Estimates and Financial Plan)

A.

({1

Media Equipment and Documentation Supplies - Item 8.1,
Curriculum Materials - Item 3.2.

Laboratory and Scientific Squipment - Item B.3.
Regional Training Workshop Equipment - Item B.4.

Trainees Tool Kits - Iltem B.S5.

II. Demonstration Energy Saving Devices Construction Materials
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Equipmenc List

A,

1)
2)

3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)

10 small 3I5um camezas @ 50
35em fils

. Procassing of 3Smm film

. l6mm movie camera

. léum fila

. Procassing of lémm film

7. Praparation of training film or slides

8. Bolex 1600 movie projector
9. Preparation and printing of reports

10. Preparation and printing of documeats

11. Praparation of pamphlets

(e.g. - "How to Build a Mud Scove")
12. Translation and printing of pamphlats

13. Preparation of slide shovs
14. Dark Room set-up

TOTAL
B. Cyrriculum Matarials

400 sats for training VETs

1. Construction blueprints and drawings

a. Mud woods stoves

b. Dung burning stoves
¢. Community Greenhouse
d. Solar growhouse

e. Other designs as they are idencified

2. Handbooka
3. Textbooks

TOTAL

C. Laboratory and Scienmtific Equipmenc

Article Units
ITT Programable Calculator 1

Honeywell 24 Channal Strip

Chart Recorder 4
Fluke Hotvin Animometer 3
Spply Solar Pyronometer &4
Epply Pyrohelicmeter 2
Solar Tracking Syscem 2
DANA Integrating DVM 3
Thermocouple Win CUK
Turbine Flow Matars 8
vive 4
Max Min Tharmometers 400
Dib Tube Thermomaters 400

Capillary Tube Thermometers 400
Thermal probes Battery operated (5 units)

Electronic Maintenancs Kits (3 xits)
Total IVRADIANA Radiometer 3
Battery Digital Data logers 6
Soil Analyzar Battery Operated 2
Soil Test Kicts 50

IBM Computer Typewriter on Line
Laboratory Supplias Glasaware
Dehydration, Descican: Oven
Ballance

Miscellgneous Equipment

TOTAL

Media Equipueat and Documentation Supplies

$1000
2000
2000
1000
1000
2000
4300
1600
9400
Jooo
3000

5000
3000
3000

40,000

$4,000
4,000
4,000
4,000
8,000
14,000
12,000

$46,000

Total
Cost

1,600

12,000
600
5,200
3,200
1,300
3,600
3,100
8,300
1,200
6,200
5,600
4,600
2,700
1,800
4,200
21,250
6,000
2,500
12,000
16,000
1,100
450
600

$125,000



D. RET Regional Workshop Equipment - Mokhotlong Cenmter 1

quantity cost

gas welding set 1 R700.00
tabla or floor stand drill, mulciple

speed 1 600.00
hydraulic press 1 $00.00
hand four speed hammer drill {e.g. Bosch

Combi) 1 120.00
set of socket vrenches fmm - 12ma 1 50.00
set of flat/ring wrenches Sum - I2mm b 50.00
adjustable vrenches 6", 8" 10" J 20.00
pipe vrenches 2x 6", 2 x 20" 4 40.00
pipe vrench/plier-combination 20" 1 15.00
beach grinder 200mm § 1 150.00
set of taps and dies 6um -~ 24mm 1 80.00
set of taps and dies Zm ~ l0mm 1 25.00
wvall tool cabinet 1 150.00
bench vices 100exs & 150mm 2 150.00
battery charger 6/12 Volt 3 Amps 1 20.00
mobile weldizng planc with 220 Volt ouclet 1 900.00
pipe vice 1 50.00
pipe dies }",... 2", depending on dDake 2-4 sets 250.00
pipe cutter 1 50.00
set of files for stee} 6 $0.00
wood rasp 1 10.00
vater pump pliers 2 15.00
multi purpose pliers 2 sizes 2 15.00
side cuttar 1 10.00
hack sev & spare blades 1 18.00
general purpose saw & spare blade 1 10.00
small hack saw & spare blades 1 5.00
tank and waesher cutter 1 set 20.00
drill set lmm - llom x 0,5zm 1 40.00
wood chisels 10mm, 20wm, 30mm k) 20.00
cold chisels 1Omm, 20cm 2 10.00
brick bolsters 75mm, 100mm 2 20.00
set of drive punches 1 10.C0O
set of marking punches 1 20.00
vernier caliper 200mm 1 30.00
tape measures .m, lm, lSm k) $0.00
steel ruler 300mm 1 5.00
spring type divider 15Cmm 1 10.00
tTy square 300m 1 10.00
small sceel square 300ma x 50Cmm 1 29.00
slip joint pliers 1 5.00
fencing pliers 2 30.00
long chain nose pliers 1 $.00
round nose pliers 1 $.00



RET Regional Workshop Equipment - continued

quantity cost

heavy duty diagonal cutter 1 R10.00
fanciag tool 1 15.00
vrecking bar 1 20.00
set of flat screw drivers 1 10.00
set of philipe screw drivers 1 10.00
spiral ratchat screv driver 1 10.00
sat of miniature (watch maker's) screw

drivers 1 10.00
vice grips 2 types [ 40.00
carpenter clamps 2 x 12", 2 x 36" 4 80.00
GC-clamp 2x 3", 2x8" 4 30.00
pop riveter & collection of various size

rivets 1 50.00
riveting hammer 250 g 1 5.00
engineer's hammer 250 g 1 5.00
claw hasmer 350 g 1 15.00
4=pound hamper 1 10.00
sledge hammer 10 pound 1 20.00
rubber mallel 1 5.00
aylon mallet bounce free 1 10.00
tool boxes 1 large, 1 small 2 40.00
tool cabinet 1 £loor type 1 150.00
angle grinder, heavy duty (AEG, 3osch) 1 150.00
grinding and cuttiag discs for above

(steel, stone) 10 50.00
small air compressor with pressure tank

etc. 1 350.00
0oil filled welding cransformer 60 - 2350

Ampe 1 180.00
velding shield 2 30.00
ges velding goggles 2 20.00
gricding safety goggles 2 10.00
welding and brazing rods, electric and gas - 100.00
small lathe 1 1,000.00
accessories - 200.00
rav materials to lathe (steel rods, bronze,

etc.) - 100.00
small 2-speed hand eleccric drill i 50.C0
set of radio chassis punches 1 100.00
a0tor hack saw 1 450.00
rav saterials (angle iron, piping, sheezing,

ecc.) - 1,000.00
set of bolts and nuts - 25.00
nails, etc. - 50.00
cizcular table saw 1 300.00
small planer, | HP electric drive 1 350.00


http:1,000.00
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RET Regional Workshop Equipment - continued

quaatity cost

work benches heavy duty vith dravers 82 R500.00
claaning materisls . 50.00
paint brushes 10, 20, 50, 75em 4 15.00
paiat rollers 350, 100, 200mm 3 25.00
extsnsion cable 50m, on reel 1 50.00
small electrical sppliances (multiplugs,

etc.) 1 45,00
spirit levels 2 size. 2 30.00
glass cutters 2 10.00
odds and ends - 460.00

materisls for comstruczioa, lockers/
banches 1,200.00
2 sats - Maseru R/D laboraiiry and Mokhotlong
Training Ceacer

TOTAL Cost in T.§; Dollars $27,000
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€. Set of tools for Renewable Energy Technician (89 sets)

quantity cost
tool box 1 R 25.00
containing:
adjustable wrsnches 6", 10" 2 15.00
set of files (half round, round,
triangular) 3 20.00
wood rasp 1 10.00
vatar pump pliers 1 15.00
multi purpose plier 1 8.00
heavy duty side cutter 1 10.00
hack sgw + spare blades 1 10.00
general purpose sav 1 10.00
hand crank drill 1 20.00
drill bit set, 12-piece, 1,5 - 12m 1 15.00
wood chisel 20om 1 5.00
cold <hisel 20um 1 5.00
brick bolster 75em 1 10.00
set of drive punchee 1 10.00
tape measure Sw 1 10.00
stasl square 200mm x 300um 1 10.00
long chain nose pliers 1 5.00
set of flat screw drivers 1 10.00
vice grip 1 10.00
G-clamps ", 6" 2 10,00
claw hagmer 350 g 1 10.00
4-pound hammer 1 10.00
safety goggles 1 5.00
radio chassis punches 22zm, Jlmm 2 15.00
swall pop rivetur 1 15.00
bolts, screws, nails, civets, etc. - 10.00
trimming «nife - 5.00
paint brushes 10mz, 50umm 2 5.00
caulkinog gun + silicome paste 1 5.00
small spirit lavel 1 10.00
glaas cutter 1 5.00
pad lock 1 5.00
centezr punch 1 2.00
tin snippers 1 10.00
TOTAL TOOL SET 8365.00

89 sets in U.S. Dollars §40.,000.00
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TT. Demonatration Eoergy Saving Devices Construction Materials

1) Fiberglass R8/M° (Filon Sg Greenhouse grade; 25,600

2) Fiberglass Framing and Hardware 12,000
3) Corrugated Sheet Matal 8,000
4) Timber 22,000
S) Paint 2,000
§) Nail Screens, etc. 3,800
7) Cement $60/cu. yd. -~ 520 cu. yds. 16 ,000
8) Mecal pipe 13,000
9) PVC Pipe 12,000
10) Aagle Iron Bolts, etc. 6.,000
11) Steel Tanks, 50 gal - 200 gals 16,000
12) Bicycle Parts (Pedal Power) 3,000
13) Screen Wia (Hail Guard) 1,200
14) Miscellaneous 800

ToTAL oL



Appendix C

LOGICAL FRAMEWORK
Lesctho Renewable Enercy Technology Project

(632-0206)

NARRATIVE SUMMARY

OBJECTIVELY VERIFIAELE INDICATORS

Program or Sector Goal: To meet expand--
ing energy demand, primarily among
lower incame groups, in ways that
minimize national requirements far

and usage of hard to cdbtain, high

cost, or rion-renewable energy.

Improved Rural and Settlement Urban
Eccromy.

Project Purpcses: To disseminate a

set of renewazble energy technologies
(RET) throughout rural pilot areas and
simultanecusly to establish the
instivuticnal basis for their
dissemination naticowide-throuch self
help, entrepreneurial, and govermment
prograns-if they prove socially,
technically and eronanically feasible.

1) Permanent Renewable Energy
orgenization with:
a) Ministry of Rural Development
b) Village Developrent Committees
c¢) Small Businesses (Rural and
Urban) .
2) Improved rural energy supply.

Qutputs:

1. Traired personnel

2. Village Renewable Energy Process

3. Village technicologies introduced
4. Research & Dev. technologies

5. Research and Development Laborztory
6. Energy efficient house.

Magnitude of Outputs

140 VETs, 8 MORD staff, 2500 villager:
at least 4 different ones.

at least 2.

cne.

one.

Anpats:
AID
1. Technical Assistance

2. Camodities

3. Local training

4. Construction
5. Support

GOL

1. Staff

Type and quantity:

3 long termm (physical scientist, socio-
logist, and labcratory supervisor) ;

2 long tem local hire; 20 perscn
menths short term.

5 vehicles, media equiprent and supplies,
laboratory and scientific equipment,
research and develomment equipment,
energy saving construction material,
shop equipment.

travel, perdiem, lodgirg, supplies
equiprent.

energy efficient hcuse

vehicle operaticns and maintenance $85,C0C
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LOGICAL FRAMEWORK Cont.
Lesgtho Renewable Frercy Technelooy Project
(632-02C6)
NARRATTIVE SUMMARY OBJECTIVELY VERIFIAELr INDICATORS
GOL
2. Office Laboratory space Eight technical and administrative

3. warehouse space and land positions.




MEANS OF VERIFICATTION

IMPORTANL ASSUMPTICN

Program Evaluation:

Survey and evaluation on site
visits, utilization of cortrol
cammmities and feedback.

Assumptions for achieving gcal
inputs:

That Individuals, traditional
rural organizations will accept
the changes associated with this
techrology implementation process.

2)

3)

evidenced by:

Ministry, Parastatal and
Private Orgenizations.
The nunber and quality of
renewable energy systems
used.

The magnitude cf renewable
energy utilized.

Assumpticns for achieving purpose:
1) Cooperaticn of QOL;

2) That the implementaticn and
introduction process and
demonstrations are socially
acceptable and perform ia
accordance with village
expectatiors.

Program Evaluation:

Inspection and Survey

Assumptions for achieving
outputs:

Cocperation of GOL, Traditicnal
govermment organizaticns and
local leadership within MORD.

Inspection:

Assumption for providing inputs:

GOL, USAID and Peace Corps Inputs.
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TAGS:

SBJECT: NEZWEVABLE ENERCY TECHNOLCGY (632-8236) « LESO1MO

1« PID FOR SUBJECT PRCJECT RECEIVED AID/WA/27/79; RE-
VISED Jee£ RECEIVED AID/Y 3/5/773. PID REVIEW COSDUCTED
/13779

2. PID IS APPROVED. FID &PPIOVAL; (¥ THIS IBSTANCE, DOFS
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Classification

A, WHATPORTICH OF THE ENEPGY NTEDS OF RURAL LESOTHO CAN
XE MET FROW wW00D? WHAT IS THE SYAPE OF ENERGY NEEDS THAT
CAN BE MET MORE CHEAPLY THROUGE 2=T OTHER THAN WCOD?

B. WHAT ARE RC/GH ESTIMATES NF THT COSTS OF THE VARIOUS
TYPES OF EQUIPMINT TO BE INTPODUCED? ARE THESE COSTS
COMPATIRLE WITH PIR CAPITA DISPOSA3LE INCOME IN RURAL
AREAS?

C. WILL THE INSTITUTION TO BE 2UILT BY THE PROJECT HAaVE
FECURRING COSTS IN EXCESS OF PROBABLE GOL BUDGET AVAIL-
PRILITY? CAN.PORTION OF SAVINGS PSALTZED RBY INTRCDUCTION
OF RET BE CAPTURZD TO DEFRAY RECURRENT COSTS?

Do WHEY IS MO TRAINING CONTEMPLATED FOP REPLACTMENTS CF
THE TA TEAM? HOW ARE THE NUMBEP OF TRAINEES AND THE CONe
TENT OF THE TRAINING PROGRAME DEZTERMINED?

E. ARE THE TECHNOLOGIES RECOMMEMDED IN THE PID THE BEST
IDEAS FCR LESOTHO? IS OXEM POWER FULLY EXPLOITED? IS THE
EMPHASIS ON SOLAR™ ENERGY EXCESSIVE? (SUGGEST TEAM EXPLORE
TECHNOLOGIES XNCWN TO VITA, THE NATICMAL ACADEMY OF SCI-
ENCES AND TO WAGENINGEM ASRICHULTURAL UMNIVERESITY, THE
welnERLANDS INTER ALIA TC REVIEW SMALL SCALE RURAL ENERGY
APFLICAT ICNS.

Fo IS THE SUGGESTION FOR ySE OF SHALLCW WELL WIND TECH-
MCLCGY COMPATIRLE WITH THE RURAL "ATER SUPPLY PROJECT
DESIGN TEAM® S FINDINGS THAT THE WIMD IS TCO INCCNSISTENT
TC PROVIDE A DEPENDARLE POWER SQURCE IN LEESCTHO?

G IS SIMULTANEZOUS DEVELOPMENT GCF A VARIETY OF TECHMOLO-
GAZCAIT T/ DIFFUCSE ZFFCRTZ AMND CRIATE ANEICGUITY REGARDIMNG
BJZCTIVES?

He MYAT IS TEE CURPENT POTEZNTI/L OF THE “TNISTRY CF RURAL
DEUELOPHENT TO MAMAGE IMPLEMTMT ATTON?  W! L[ WILL PE THE
LEVEL CF TRAININMG EESQUIREDR? 15fT 1S THE PROBAPLE AVATL-
ARILITY OF BASOTHC RUALIFIEC TO ENTZ? APPROPRIATE TRAINING?

L. WHY SHOULD ANAERCZIC DISESTZFS (BICGAS) BE INTRCRUCED
TO LESOTHO? IS THER'. EVIDENCE THAT FeMILY SIZE UNITS
MIGAT BE CCST EZFFECTIVE IN LESOTH0 ALTHOUGH THEY HAVE ANOT
GZNZRALLY PROVEN TO BE COST EFFECTIVE ZILSEWHERE?

J WAS THE MICRO-HYDO TECHNCLOGY DELETED INTENTIONALLY

Classification
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Closs:hcahon

FROM THE ORIGIYAL VERSIQN CF THE PID? WOULP TESTS !N
REMOTE GOVERNMENT CFFICES AND CLINICS WOW USING DIESIL-
CENERATED POWER IM TKE [=-2 KW PANG® BEZ LIKELY 7O IMDICATE
THAT MIZCRO-H-YDRG SYSTEMS COMPETE WITH DIESEL ELECTRICITY?

K ARE TWC U, S, TECHNICIANS ZESEINTIAL?  CAN'T THE SWISS
TECHNICIAN BE ENCOURAGET TO PEMATIS ? IF A SOLAR ARCHITECT/
ENGINZED IS JUSTIFIED, WHAT IS THZ RELATIVT IMPOPTANCT OF
THE SKILLS REQUIRED?

.-i

l. ARE GLASS COEEZMHONISES PRACTTCAL TM LESOTEN QPR ARE
HAILSTORMS FREQUENT AMND WIDESPREAD ENOUGH TO GUARANTEE
THEIR ANNUAL DESTRUCTICN?

Y. SHOULD NOT FEASIBILITY ASSESSMENT BE CCNSIDERED FIRST
FROJECT ACTIVITY TO RE USED AS INITIAL BASIS FOR MATCHING
TECHNCLOGIES AND VILLAGERE PRIOR TO FIELD TEST CF KEZW
SYSTEMS?

& PP TEAM SHOULD REVIEW CM3()IKG WOOD-LOT PROGRAMS AMND
ASSESS ADVISABILITY OF INCLUDINE PILOT WOOD-LCTS IN RET
FROJECT.

7. REGARDLESS OF INTEZNT, SHCRT TERM TRAINING IN U.S. WOULD
ROVIDE PASOTHC WITH SXTEZNSIVE EXPOSURE TC INAPPROPRIATE
TECHNGLTGIES OUTSIDE RELEVANT cOCIO ECCNOMIC CONTEXT,
THEREFCPE, THE Rz NJIP“' SHCRT=-TERM TRATNING SHCULD RE
UNDEF’.TAKEN IN LESOTEHC,

8 FOLLOWING ARE SUGGESTED CHANGES IN SCCPES OF WORK FOR
P DESIGN TEAM:

A, PHYSICAL SCIENTIST - DELZTE RESPONSIFILITY FOR PRE-
PapPTNG JOR DESCRIPTICM FQR TEBaTHTMG SPEUCTALTST: ADD
PESPONSIBILITY FOR PREPARING TECHNICAL PCRTIONS OF DE-
TAILED PROJECT IMPLEMENTATION PLAN. U'ER THE FIFTFE TASK

DD (E) NATURAL AVD RENEWAPLE EMERGY FESOURCES, I.CZ.:
DLAR, WIND AND WATER. ALSO ADD A ”IHTH TASK: DEVELOP PRO-
RSEN EQUIPMENT LIST AMD DETATLED CNET ZETIMATES.

B, SOCIAL SCIENTIET:
¢1) REWRITE EXISTIMG TASK 5 TO READ: AYOTE COMDUCT VISITS

TO SELECTED RURAL AREAS TO ASSESS (A) VILLAGE LEVEL TASKS
THAT MIGHT BE ENERGIZED,-IM.ACCOPD UWITH ) OCAl PRIORITIES

Classification
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AND DESTRES, (B) CURRE:!QT ENERGY USES AMD PRACTICES, AMD
(C) LOCAL SOCIOLOGICAL, CULTURAL AND INSTITUTIONAL FACTORS
THAT MAY SUGGEST WHICH TECHNOLCGIZS SHOULD BE INTRCDUCED
AND HOW THIS SFOULD BE DONE UNGUCTE,

(2) ADD, AS A SEPAPATE TASK PREZCEDING TASK 7: GUOTE -
FROPOSE A DATA-GATHERIKNG AND EVALUATION SYSTEM TO DETERMINE
WHICH DEVICES SHCULD BE TESTED IN WHICH VILLAGES. SUCH A
SYSTEM WOULD TAKE INTO ACCOUNT VILLAGERS' ENERGY PRIORITIES
AND DESIRES; ALONG WITH LCCAL ECONOMIC AND INSTITUTIONAL
ONDITIONS BEARING ON THE APPRCPREIATENESS OF SPECIFIC
SYSTEMS FOR SPECIFIC VILLAGES UNQUOTE.

(3) ADD: QUOTE PREPARE DETAILED JOB DESCRIPTION FORTHE
SOCIAL SCIENTIST TO BE INCLUDED CMN THEE PRCJECT IMPLEMENTA-
TION TEAM UNMQUOTE,

C. ECCNOMIST., ADD, AS A NEW TASK: CARRIES OUT ILLUSTRA-
TIVE BENEFIT-COST ANALYSES OF PROPOSED TECHNOLOGIES.
RETURNS MAY RE MEASURED IN BEL OF PETRCLEUM SAVELCCR NOT
MPORTED, PEZRSON HOURS SAVED AND/OR VOLUME OF WOOD SAVED.

9. IN ADDITION TO PID, PP DESIGN TEAM SHOQULD BE PROVIDED
WITH FOLLOWING PUBLICATIONS, COPIES OF WMICH ARZ PIING
FOUCHED TO USAID MASERU AND 70O REDSO/EA:

A, FECONOMICS OF RINEWATLE ENERGY SYSTENS, A MOMCGRAPH BY
DAVID FRENCK, AFR/DR/SDP.

B, ENERGY IN THE DEVELOPMENT STRATEGY OF THE SAHEL, CLUB
DU SAKEL, OCT 78.

1#, RENEWABLE ENERGY WORKSHOP/TRAINIMG SPECIALIST POSITION
SHOULD RT ELIMTNATED FRPOM PP TIA™ AND REPLACED 2V SCCIAL
SCIENTIST WITK SKILLS IN BOTH TFAINING AND TECHNOLOGY
ASSESEMENT. VANCE

JIN UNCLASSIFIED

Classification

OPTIONAL FQRM 1S1(}
{Formerly FS.&12!

January 197
501%81-102 Dept. of Sta



ANNEX E

STATUTORY CHECKLIST

6C(2) - Project Checklis:l/

Listed below are, first, statutory criteria applicable generally to projects
with FAA funds, and then project criteria applicable to individual fund

resources: Development Assistance.

A. General Criteria for Project

1. Apn. Unnumbered; FAA Sec. 653(c);
Sec. 634A,

(a) Describe how Committees on Approp-
riations of Senate and House have been
or will be notified concerning the
project;

{b) 1Is assistance within (Operational
Year Budget) country or international
organization allocation reported to
Congress (or not more than $1 million
over that figure plus 10%)?

2. FAA Sec. 611(a)(1). Prior to
obligation in excess of $100,000, will
there be (a) engineering, fimancial and
other plans necessary to carry out the
agsistance and (b) a reasonably firm
estimate of the cost to the U.S.?

3. FAA Sec. 611(a)(2). If further
legislative action 1s required within
recipient country, what is basis for
reasonable expectation that such action
will be completed in time to permit
orderly accomplishment of purpose of the
assistance?

4. FAA Sec. 611(b); App. Sec. 101.
If for water or water-related land
resource construction, has project
met the standards and criteria as
per Memorandum of the President
dated Sept. 5, 1973 (replaces Memo-
randum of May 15, 1962; see Fed.
Register, Vol. 38, No. 174, Part
III, Sept. 10, 1973)?

(a) This project was included in
the FY 1979 Congressional Present-
ation.

(b) Yes

(a) N.A, (Construction less_ than
_....§100,000). _ .

(b) Yes

No legislative action required.

This is not a water or water-
related land resource construction
project.

1/ FY 1979 country checklist submitted with

the Rural Water and Sanitation Project,

632-0088
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5. FAA Sec. 6l11l(e). 1If project is
capital assistance (e.g. comnstructiom),
and all U.S. assistance for it will
exceed $1 million, has Mission Director
certified the country's capability
effectively to maintain and utilize the
project?

5. FAA Sec. 209, 619. Is project
susceptible of execution as part of

a regional or multilateral project?
If so why is project not so executed?
Information and cenclusion whether
assistance will encourage regional
development programs. If assistance
is for newly independent country, is
it furnished through multilateral
organizations or plans to the maximum
extent appropriate?

7. FAA Sec. 601(a); (and Sec. 201(f)
for development loans). Information
and conclusions whether project will
encourage efforcts of the country to:

(a) increase the flow of inter-
national trade;

(b) foster private initiative and
competition;

(¢) encourage development and use

of cooperatives, credit unions, and
zavings and loans associations;

(d) discourage monopolistic practices.

8. FAA Sec. 612(b); Sec. 636(h).
Describe steps taken to assure that,
to the maximum extent possible, che
country is contributing local
currencies to meet the cost of
contractual and other services, and
fureign currencles owned by the U.S.
are utilized to mzet the cost of
contractual and other services.

Not applicable.

No.

The project is designed to lessen
the dependence upon imported fuels

and food and to encourage small
private firms to manufacture and

sell energy saving devices. It

would very well encourage developme::
of cooperatives and discourage the
importation of many items.

GOL will contribute approximately 4.47
of the project costs. This
is considered reasonable in view of
Lesotho's international political
climate, its status on the UN's lis:
of "least developed countries,'" and
its limited financial resource. To
initiate this project, eight new
positions have been established and
funded in the Ministry of Rural
Development.



9. FAA Sec. 612(d). Does the U.S.

own excess foreign currency and, if

so, what crrangements have been made
for its release?

B. FUNDING CRITERIA FOR PROJECT

Not an excess foreign currency
country.

1. Development Assistance Project Criteria

(a) FAA Sec. 102(b); 1l11; 1l13; 28la.

Extent to which activity will (a)
effectively involve the poor in dev-
elopment, by extending access to
economy at local level, increasing
labor-intensive production and the

use of appropriate technology, spread-
ing investment out from cities to
small towns and rural areas, and
insuring wide participation of the
poor in the bDenefits of development

on a sustained basis, using the
appropriate U.S. institutions; (b)
help develop cooperatives, especially
by technical assistance, to assist
rural and urban poor to help them-
selves toward better life, and
otherwise encourage democratic

private and local governmental
institutions; (c) support the self-
help efforts of developing countries;
(d) promcte the participation of women
in the national economies of developing
countries and the improvement of women's
status; and (e) utilize and encourage
regional cooperation by developing
countries?

(b) FAA Sec. 103, 103A, 104, 105,
106, 107. Is assistance being made
available: (include only applicable
paragraph which corresponds to source
of funds used. If more than ore fund
source is used for project, include

(a)(b)(c)(d). This project is
designed to specifically introducez
appropriate technology to the rural
poor in such a way that they are
able to individually or collectively
build or utilize energy devices that
will improve their living conditicus.
To a large extent the project will
be implemented by women and the
energy saving devices will primarily
benefit women. '



relevant paragraph for each fund source.)

(1) (103) for agriculture, rural develop-
ment or nutrition; if so, extent to which
activity is specifically designed to
increase productivity and income or rural
poor;

(2) (106) for technical assistance,
energy, research, reconstruction, and
selected development problems; if so,
extent activity is.

(c) (107) 1s appropriate effort placed
on use of appropriate technology?

(d) FAA Sec. 110(a). Will the recipient
country provide at least 254 of the costs
of the program, project or activity with

respect to which the assistance is to be

furnished (or has the latter cost-sharing
requirement been waived for a ''relatively
least-developed" country)?

(e) FAA Sec. 110(b). Will grant capital
assistance be disbursed for project over
more than 3 years? If so, has justific-
ation satisfactory to Congress been made,
and efforts for other financing or is the
recipient country 'relatively least-
developed'?

(f) FAA Sec. 281(b). Describe extent
to which program recognizes the partic-
ular needs, desires, and capacities of
the people of the country; utilizes the
country's intellectual resources to

Several of tne energy devices
that will be introduced by
this project are related to
increasing agriculture and

the preservation of food.

This could well result in a
family gowing more food than
they can use during the off
season and therefore making it
available for sale.

The specific intent of this
project is to introduce energy
saving devices and relieve the
dependence upon imported fuels
and diminishing wood supply.

Yes

A waiver will be requested.

No, life of project is 3 years.

The particular energy saving
devices introduced by this
project will be determined by

a study of the rural poors

needs and desires. No relation



encourage institutional development;
and supports civil education and train-
ing in skills required for effective
participation in governmental arnd
political processes essential to
self-government.

(g) FAA Sec. 122(b). Does the
activity give reascnable promise

of contributing to the development
of economic resources, or to the
increase of productive capacities
and self-sustaining economic growth?

International Air Transport. Fair
Competitive Practices Act, 1974.

If air transportation of persoms 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?

FY 79 App. Act Sec. 105. Does the
contract for procurement contain a
provision authorizing the termin-
ation of such contract for the
convenience of the United States?

to training in civil education.

Yes

Yes
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WAIVERS AND APPRCOVALS
1. Waivers and Approvals Required.

1. Waiver of the 25 percent cost sharing requirement contained in
Section 110 (a) of the Foreign Assistance Act of 1961 as amended.

PV SR Dk e —

———— et

——. ——- S, A amaee o o —————

2. A procirement waiver to permit the purchase of shelf items
imported from other free world sources in excess of the total amount
allowed by AID Handbook I Supplement B, 183, 4b.

II. Wai Justificgticn

Lesotho is on the United Nations Conference on Trade and Develop-
ment list of relatively least developed countries. Lesotho will be
contributing or over percent of the project total. Much of
this contribution will be incramental budget expenditures rather than
cntributions in kind. The waiver is thus requested in view of Lesotho's
position as an RLDC and its sizable contribution toward project costs.

2 . Shelf-Ttem Procurement Waiver

The project provides for the construction of one house in Lesotho for the
project manager arnd for the procurement and construction of several different
enerqy saving devices.

The house will be of a unique design that utilizes and demonstrates energy
savirg devices. The cost of the house is estimated to be about $45,000, of
which about $27,000 will be material cost.

The energy saving devices such as solar water and space heater, solar
food dryers and cookers, improved round it over g¢row hole and greenhouses will
be manufactured fram locally purchased materials, $150,000 is budgeted in the

project for this purpcse.

In both cases, the project manager house and the energy savings devices,
the intervals utilizes are lumber, paint, hardware, glass fiberglass, steel



F .o.

sheets etc. The house will be constructed early in the project and the
enercy saving devices throughout the project life. As a result there will
be mirdreds of relatively small purchases made. Since practically more of
these material has its source and origirn in Lesotho, but is imported fram
the Republic of South Africa, there will be many ourchases of shelf item
totally approximately $175,000. This is a demonstration project ocne it is
most important to show that the ernergy efricient house and the energy savings
devices can te contructed with locally mirchased materizls. To purchase these
materials from trhe U.S. or any other comtry would be contrary to the
demornstration aspects of tids project. Therefore a weiver is requested tc
exceed the total shelf item procurement allowed by Hancbock 1, Surplearent B,
18a 4b.



AFFENDIX G

PROJZCT LCCATICN: LESOTRO

PROGJECT TITLE: LESOTHO PENEWASLS IUZRQY TETTIOLCCY
PRCJECT JMEER: €22-02C6

TUNTING: FY 1979

PERIOD CF PROJEST: TEREE YZARS

IIZ PRIZPJRED 3Y: USAID, JANUARY, 1679

m%%‘ﬁ? AczIcH NEGATITE DETIRMINATICN

CCNCURRINCE: é/ﬁéw ﬂ /7 124

Frack ¥. c:m;:g-l’ Tata
Acting Director
USAID/Maseru
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SUBJECT: ROMEVARLE [NERGY TTCBMQLOGY P1O €)2-018

MFs MALTRY 490,

I. TRAT 9 RLVILED ILF 48 FRLOVE:

1BITIAL EIVIRORRENTAL CXANIRATION

LEEOTIS SEBCUABLE [M{REY TECBAGLOAY O411-#i 18}

. PROJLCT DIICRIPTICH

TRE MROJCET 1S CESICUED TO JISSTNINATE & /1 OF RINEVARLE UNERGY
TECABGLOGIES WTT) THRCUGHOST AURAL PILOT 2AfAS AnS TO (STAMLISA
TOL INSTITUTIGNAL BASIS £38 Theif OIS3ZMINATION BATIONVIOE if
THLY PAOVT SOCIALLY, TECEMICMLY, ANG COMOAICALLT FEASIOLL. Tt
POOPORED PROCRAM VILL INTREBWCE 430 EPORITAATE TECHUOLOQILS
SELPEMBING TO TIC JATIC Avman WELDS M RUAAL LESOTNO TNAT A€ LOVW
COT, UST IRRIGINOUS SKILLS And MATERIALS, AMD IRL CASILY
RAIATAIRED. THQ (NTROCUCTION CF A& TECHMOLCEY VILL 8T ACCONPLISBIS
TOOOURN TBT [XIATING COWMAITY SEVELOPAINT PROCESS ANS VILL mATE
TR SPLCIFIC MEE0Y OF A REZIPLERT PILOT AQEA VITH A PROVIR RET
SMUTIGR, Y CARUFMLY (NTAGOUC!NE TICHNGLOSILS TO RECIPITNTS,
TR PROGEAN CAR GROW AT A BATE ACCSPTASLE 1O TNE PEOPLE AND TACIR
COWANING STROCTIRE.

T 1BIVIOUAL TTCAPOLOSICS T AL (ATROBUCID ARG OUMRSTRATES
L 1]

G} SPALLOV-VELL VING AND NYDRSWL IC RAN PURPING STSTEN;

Q) TNERMOTYPHON SCLAR VATER ALATING SYSTEN;

O) SCLF-NELP SOLAR VATER STSTIM;

Ul SULAR RELIANT CAEEYNOYST;

@) PASSIVE SOLAR NEATING, COOLING, 1N VENTILATING SYSTEN;
W) LoV POVER SOLAR CELA SYSTIN;

@) SOLAR COORERS, OTINS, AN ORY{RS;

@) INPROVID vOOD STOVES; M0

@) ABALAOSIC JieIsSTORS.

I8 ABDITION TO (NTREJUCING, JIMONCTIRATING, AMOD (VALUATING THE
FTASTRILITY OF AL AROYE SVITIMS, TwE PROURCT VitL CREATC Mt
SESTITUTIONA CAPAGILITY VITHIN TAC RINISTRY OF AURAL OLV1CPRENT
10 CARRY ONT an CIPSNDLD RUT PRLGRAN SNOULD TNE RESWTS OF TuC
PILOT PROJECT PROVE SUCSISIFUL. BV THE KM@ OF TNE THRRL TEAR
PILOT PUASE 4 SLT OF ACCEPTASLE TECAWROGICS VILL PAVE REEN
IBENTIFIES ViTh TRC POTENTIA. °7- 1) ASAE 4 SUBSTANTIAL
COMTRIBUTION 10 RESALYIAG PRCELAS 3F 4 3a7iCwal SCALE Sucw Ag
SOIL ER3%ION; ) wfLP LESOVNQ QEVELOP SUBSITUTUES FOR CIITLY
ABG QIFFICRT O GBTAIN ENIRGY SOUNCES SUCR 25 OIL; 13) ProviOE
SURML ROUILNOLDS VITR JAPROVID CO0N'NG L8O NCATING FACILITILS;
Ul pELP DL COVERRFINT 3F LL30THO [XTEMD SOCIA SEAVICIS (.G,
WAL CLIMICS! TO TRE POPWLACE AT {OW(R COSTS o8, IN 30MY CASES,
CATEMD SESVICLS THAT FOR LACK OF ENEASY WO d 8L OTatavist
iressint.

N

d-.’JU:.LEi.b

mstay 20332 0 OF 0 830201

I GECER 10 ACRIEVE *¥E OBJUCTIVES OF TNE PILCT PROJECT ald ViILL
FUBNISE N FOLLOUING tNPUTS:

-JCCRBICAL ASSITTANCE TO QUILD TNE !MSTITUTIONAL $i%iS FOR A
BATICEAL (T PROCAMN;

-TECHMICAL ASSISTANCE TO ADRINISTER Tud PHLOT DAMCHSTRATICN
FROGRAR;

PARTICIZANT TRAINING FOR RASOTNO STAFF (MO WIRL EVLATIWLALLY AN
ABD (MPLEMENT THE SOVEIRNMENT®S RET PAOGAAN;

VERICLES; AN

~<COMOBITILS AMD (UIPRENT.

TR LSTIMATED LIFE OF PRQIECT COST 1S 11,518,000 VITW THE COL
CORTRIBUTING $380, 08 N SALARIES, LOCAL TAAVEL, PER DILM,
OFFICT SPACE, AND COUIPPLNT.

e

saiem
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UNCLASSIFIED
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BAISCEI FOR RORQ

i, IDINTIFICATICR OF INPACTY

ST TRE YIRY RATURE, TWE PROJICT VILL APFECT THE VAT 10 WMiCH Tol
FUPAL QASOTIG UTZRACT ViTw TR PRYSICAL CNVIRORALLY 8Y
INTAQCYCING TECBACLOGILS 10 W4RALSS REMEVABLE [RERGY SOURCLS. 10
0 TBCLIITFM, TNE PROJIET MUST AFFECT 3CRE &8 THE CLLTURAL
PATTZRNS ANB 30CIO~CCONSNIC TRADITIONS OF LESSTNG - 1NITIALLY I8
T80 PILOT ABEAS 240 LATER TRAQUEROUT THE CSUNTAY AS TNE
CRCCIPTARLE® ALT'S ARE DISSEMINATED MATIONVIOE. OWRIng TNE PILOT

PRGIECT, we SIGNIFICART CLRIOWNNT |MPACTS ART AATICIPATED (n IM

MEAS OF LAND USE, VATER QUALITY, ATROSPWERIC [MFlutwci:, 08
SLICRATION OF VATUDAL 2(SOWECES. wGVIVLE, SOME LFFECIS Om
CULTUBAL PRACTICKS, TOCIO-ECOMQNIC SOMBITIONS, AmD NCILTR STATUS

ARE CXPECTER. WILC TNEST tMPACTS VILL JSVIOUSLY #3T 6f VIOIIPN(AD

URIBE RS PLLET PRQIECT, TALY COMD 8 SICHiFICANT ViTuIN
TOE PU°AT AMEAS THERSELVES OWER TINC.

O OF TR (ATISAML COMPORENTS OF TR PRCIECT VILL 8¢ TRE
SYSTUMATIC ASSUSIVERT OF VILLASE SEEDS 4wy OLSIRLS W iCH SAN O
FRFILLED ST PROWEE ALT°S. N OTPTN TECHNSLOST INPACT STUDIES
VitL BT COMBUCTID SURING TRE PI{OT DEMCIITAATIONS 19 OETLAMING
SAZOTRG STCIPTIVITY TO PASTICIR AR PROGAAR CLIMENTS IUCA a8 TAL
VORREREPS, TCINORIC SCYILOPAENT SCAEMES, atQ AL REY'S

ISTROGNCED (8 THE PILOT AREA. THE PAGUECT CALLS FOR TRE CXTEIRSIVE

SERVICIS OF & SOCIAL SCIENTIST @ TRC SHONT TERM SIRVICES OF
A (COBRRIST 10 VORK ViTa COMRITY ODCVILoPMENT PERITINEL 1O
IDENTIFY VILLAGES VITH 2180 SELF-AELP PCTENTIAL AHD 1O FOAMALATE
SLT INTROGUCTION, DEVILOPMENT, AN® CYALUATION PROCESIZS. W THIS
AT, RECIPTIVITY CAM GC ASSTISED PRIGR TO DISSEMAATICN OF &
PMATICULAR MET NATIONVIOE. TAE ASISINENT TEAN VILL ACT AS Ta
SOCIAL AECOMMAIISANCE, AQVOCACY AmD FEEDRACE CHAWM(L SCTWEEN
TR VILLAGES 280 TNE AET PROCRAN. WILE S3nE CHANGES Can ot
IXPECTED IN SULTTRAL PRACTICES, TeE OUG!TE OF SUCH IFPACTS 13
URIROWN AT TRIS TIFE BT VLl O CAREFWLLY RONITOALO ANG
ASIRISED OumIng TAE PILOT PROJECT.

S8C10-1C3N0NIC INPSCTS (M TR FORM OF CAARGES 1M ECTMOMIG/
CAPLOVAENT PATIIRNT ANG IMCREASED WAGET ARf AL30 POSZIBLE. TMST
IMPSCTS WILL OC ISR ATED DURING TWE PILOT #NASE BUT SIGNIFICANTY
LPAPLOTAENT POTINTIAL (XISTS |H RET AANUFACTURING |N ANY
CWBTUM TATI0MWIOC PROGEMA.

THOSE 2CT°3 QER16uED TO OLLIVER INCREAZLY SUPPLILS &F QLIAN VAT
TO VILLASLS SHOULD BAVE POSITIVE XCALTR !MPaCTS, PARTICHLASLY (N
1BE ATDUCTION OF WATLR RELATED 213TASES. 1T (S FRLY XEMIILD
TRAT aEALTR COVCATICN 1S A TITAL CONPLIMENT 10 THE PROVISICN OF
OF VATER D THE (LSOTNO TURAL VATEN PROJECT PRAYIOES RIS inPUT.
ARAIE, CUE 10 THL SCALL ANDICIPATED OVER TNE THREL viAf P1LOT,
MALTE IPPACTS, WHILE POSSIBLY SICKIFICANT IR A PARTICULAR PILOT
AREA, WILL B LOCALITIO Am@ NOT VIBCLSPRERD.

16, RECOMNNDATION FOR CHVIASHAENTAL ACTION

VESAIOR AN TH 62X FWLLY SZCOCHIZE TAE POTINTIAL PORITIVE

CAVIRONPENIAL CPFECTS FROM A FULLICALT BET PROGRAR AS WELL AS THC
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POSTINLE CMANGES N CULIVEAL PRACTICES. THT 3.[i%Iow OF $OCIML
ACCLPTARILITY IS A ALY CONSIGERATICN !N PRC2TIES THE PROJECT A
A PILOT EFFORT. 1 THIS vAY, T NUMAN CMvi82ueCNTAL (MPRCTS OF
IS AT PRCGAAM CAR QL INCROUGHLT AUALTILD (N A COMTROILED ARfA
VITR APLL OPPORTUNITY FOR CYMLUATISH AKD SUESUVULNT
PORIFICATION ¢F IRL PROGAAR

TREREFORE, 18 NC BELIEF THAT THE NET PILET PRIJECT VILL CAUSE NO
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ACTUALLY PROVIGE 29 SPPORTUNITY [0 VEAVE ENSIROUMENTAL AND
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TRe rerswvable energy »rolect is an eZfors %o
adopt and transler an existizg technology to Lesotho.
The tachzmology uses the emergy from the sun, wind,
Zalling water apd anerobic digestors to substitute Zor
erergy usually derived from fossil fuels., 7The
processes are perfectly compatible with the existing
exvirorzent, The small-scale renewvable energy
technologies proposed in the 71D have Teen selscted
{ia part because they are either exvironmentally bezign
or speciilcally because they promise o reduce
ecviroraentally destructive practizes such as
{nclipient deforestaticn, The wkole point of the 2ET
program is to design, develop and trazsfer
technclogies which karmess already distridbuted sezewatle
enerzy ia small quantities %0 a disversed rural
population., In all cases the recoomended tecinolosles
recuce the negative envircczen<tal, nsalth, acd scclal
impacts currently assoclated with fcossll ezergy-based
tachknclcegles.

Welle the project i3 cosptatle with the existing

saysical environzent, 1t will nave scoe eZlfecs upen
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the cultural eavironzeat. + will not destroy
existing cultural practices but zay require or
i{nduce some changes iz practices, However, a
negative detaraination is reccamended since thls
is a pilot project, and will be tested iz a
confined and controlled area with ample
opportunity to evaluate its eflacts. The

project tesa will have availabdle the services of
a soclal scientist who will inalysc the lnfluences
that the project will have on the culture,
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ANNEX I

THE ECONOMICS OF KENEWABLE ENERGY
SYSTEMS FOR LESOTHO

From the economic point of view, renewable energy technologies for
developing countries are of two major kinds: systems whose benefits
are largely quantifiable, and systems whose benefits are unquantifiable
or subjective. Techniques of economic analysis will vary according to
the category into which a system falls,

A. Technologies With Quantifiable Benefits*

In many cases, the predicted benefits of a renewable energy system
can be quantified. Economic benefits of a growhole or a greenhouse, for
example, are the market value of the seedlings or of the produce grown
within, Benefits of a hand-driven grain mill are equivalent to commer-
cial milling charges which no longer need be paid. Generally, these
values can be estimated with a reasonabls degree of accuracy.

An energy system will be worth testing if its benefits over time
seem likely to be greater than its costs. This calculation will differ
somewhat depending on the perapeﬁtive from which it is made - that of the
person who will ultimately invest in the system, or that of the soc1ety.
These differing approaches are outlined below.

In all cases, we assume that the society must judge a system's
benefits to be greater than its costs in order to encourzge its use,
If net benefits are sufficiently great, the society may even wish to
subsidize a system which investors themselves might otherwise find
wnattractive, In the ideal case, a system will seem economic both to
society and (unsubsidized) to investors.

1. The Investor's Point of View. In principle, to view the
economics of a new energy system from the investor's point of view is

* The discussion here is necessarily superficial. For a more thorough
treatment of these issues see David French, The Economics of Renewable
Ene:gy Systems in Developing Countries (Report to U.S. AID and the
al Dir'iyyah Institute, January 1979.)
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relatively straightforward. We begin by estimating benefits and cost
to the buyer for cach year of the system's expected lifetime. By
subtracting costs from benefits, each year's net benefits can be found,
For a hypothetical greenhouse expected to collapse at the end of five
years, the calculation might appear as shown in Table I.

TABLE I: NET BENEFITS OF GREENHOUSES TO INVESTOR (in Rands)

vrl yr2 yr3 yréd yr5
Benefits
Market value of
vegetables 100 100 100 100 100
- Costs
Labor 80 30 30 30 30
Materials 100 .- -- -- -=
Seed and Fertilizer 20 20 20 20 20
= Net Benefits to
Investor -100 50 50 50 50

We must now decide whether the R200 in net benefits spread
over Years 2-5 will be viewed by the investor as adequate compensation
for the R100 in net costs incurred in Year 1. At issue here is the
fact that money promised in the future is worth less than the same
amount of money in hand today. Moreover, the longer it takes an
investor to get future money, the more he or she will "discount" its
value in the present,

Mathematically, we determine the present value of future
money by multiplying each year's benefiis by the appropriate '"discount
factor'. At an annual discount rate of 30%, for example, discount
factors are .769 for Year 1, .592 for Year 2 and so on. In this case,
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each Rand promised at the end of Year 1 is taken to be the same value
to the investor as .769 Rand at the project's outs=z, a Rand two years
away is worth .592 Rand, etc.

At a discount rate of 30%, Table II shows the adjustments
required to find the "present value" of each year's benefits as of the
beginning of the project.

TABLE II: PRESENT VALUE, BENEFITS OF GREENHOUSES TO INVESTOR

(in Rand)
vrl vr2 vr3 vrh vrd

Net Benefits
(from Table I) -100 50 50 50 50
X giscount Factor .769 .592 .455 .350 .269
(30%)
= Pregent Value of

Benefits to Invest-

or -76.9 29,60 22.75 17.50 13.45

Bv adding together the present value of benefits for all five
years, we find that total Net Present Value (NPV) of the greenhouse is
R6.40, Since any project with a net present value greater than zero
is economically sound, we can assume that the potential buyer would
consider the greenhouse an attractive investment,

Alternatively, we can find a technology's annual rate of
return to the resources the investor must commit to it, We do this by
experimenting with various discount rates until we find one which
yields a net present value of zero. This is the investment's Internal
Rate of Return (IRR), which in the case of our hypothetical greenhouse
is roughly 36%. The rule here is to make investments having an internal
rate of return higher than the discount rate. Since we have assumed
the applicable discount rate to be 30%, the greenhouse again appears to

be economically sound from the investor's point cf view.
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In practice, a certain humility is required in using these
data to predict the reactions of potential investors to new energy
systems, In the above, little account has been taken of such factors
as these: actual cost and benefit figures may vary from place to place;
our discount rates msy only imperfectly reflect local realities
(although 30% is a reasonable worldwide average for rural areas of
developing countries); risks and uncertainties may seem greater to
investors than to project economists., Adequately to allow for these
forces, we should probably seek systems whese estimated IRRs are
significantly above discount rates (i.e., whose NPVs are significantly
above zero. Of course, the final test of our analysis will come only
when investors choose to buy (or to reject) the systems we are offer-
ing for their comnsideration.

2. The Society's Point of View, Regard .s of how new energy
systems appear to individual investors, natic . governments will wish
to make their own estimates of the value of t.ese systems to society as
a whole, In general, the procedur=ss to be followed are the same as
those outlined above. However, adjustments must be made to allow for
shadow prices (especially labor costs and discount rates), social costs,
and national policy objectives.

a, Shadow Wages, Tavestors in new energy systems will pay
the market wage to latorers working on their project. From the
national point of view, however, the actual (or "shadow") cost of this
labor is the value of other tasks from which the workers are being
diverted. Since persons in rural areas are often unemployed, the
cost to society of mobilizing labor for our hypothetical greenhouse
project might ranyz from zero (assuming no alternative work available)
to perhaps half the market wage (assuming workers would otherwise be
employed half-time at other tasks).

b. Shadow Discount Rates. Discount rates from the investor's
point of view are more or less equivalent to prevailing, unsubsidized
interest rates on rural borrowing. In line with the relatively short

time horizons of rural investors, these rates range from 207 to 65% or
more in rural aresas of developing ccuntries. Society, on the other
hand, will take a longer view, concentrating on future growth as well
as immediate benefits. Typically, the social (or "shadow'") discount
rate is therefore assumed to be in tha order of 127.

¢. Social Costs. To encourige use nf a new energy system,
society may be forced to absarb costs whict do not enter into the
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calculations of private investors. In the case of our greenhouse
project, for example, it is likely that heavy extension costs will
be involved for local training in the construction and use of the
new system, On a continuing basis, smaller levels of assistance
may be required tc deal with horticultural problems arising from
vear tc year.

d. Policy Odbjectives. Governments will have non-economic
objectives as well as strictly economic ones. Assume, for exawmple,
that our greenhouse is to produce cabbages which would ctherwise have
to be imported from neighboring co.utries. In the case of Lesotho,
this would be in line with the high priority attached to greater
self-sufficiency in food production. If the greenhouse was otherwise
economic, this political objective would simply reinforce the decision
to promote the system's use. If the greenhovse had negative benefits,
on the other hand, our analysis would show the cost to society of
pursuing self-sufficiency through this system.

In Table III, we show the calculations required to consider
our hypothetical greenhouse from the society's point of view. Hewe,
we estimate the shadow wage to be one-half the market wage. Extension
costs are added. The social discount rate is assumed to be 12%,

From society's point of view, the greenhouse's NPV is R6.29; the
system's IRR is roughly 20%, compared with a social discount rate of
12%.  Especially when coupled with the natioral desire for agricult-
vral self-sufficiency, these figures make the greenhouse seem quite
attractive,
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TABLE III: BENEFITS OF GREENHOUSE TO SOCIETY (in Rands)
(changes from Tables I and II indicated by *)

yrl yrl yr3 vyt yrd
Benefits
Market Value of
Vegetables 100 100 100 100 100
- Costs
Labor* 40 15 15 15 15
Materials 100 -- -- .- --
Seed and Fertilizers 20 20 20 20 20
Extension
Services¥* 100 ~10-. . 10 10 10
= Net Benefits to
Society =160 55 55 55 55
X Discount Factor
(127)* .893 .797 712 | 636 .567
= Present Value of
Benefits to
Society 1142.88 43,84 39,16 34,98 31.19

B. Technologies With Unquantifiible Benefits

I some cases, the predominant benefits of new technologies will be
impossiicle to measure. In rural Lesotho, for example, such devices as
roof insulation and improved stoves will act primarily to reduce the
amount of dung collected for cooking and heating. It would be theoret-
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ically possible to estimate the monetary value of labor saved through
these svstems, However, at least as important are such quantifiable
benefits as the value to the 50il of dung burned, the reduction in
eye and respiratory diseases where dung smoke is vented outside of
homes, and the generally cleaner domestic environment which would
result. In such cases, there is little point in trying to calculate
IRRs and NPVs.

Nonetheless, there is a range of more or less economic questions
which should be asked about these energy systems before making any
decision to support their use. Again, the approach will differ some-
what depending on whether we a4dopt the perspective of the government
or that of the system's purchasers.

1. The Investor's Point of View. In trying to predict whether
rural investors will find attractive an energy system with unquantif-
iable benefits, we need to consider at least the following issues:
the relationship between cavnital requirements and financial resources,
the extent to which benefits are considered valuable by investors
themselves, and the extent to which benefits are likely to be clear
and substantial, Only if a system promises to meet all three tests
can we hope for surcess in encouraging its use,

a., Capital Requirements. By investigating local purchases °
of consumer and capital goods, we can estimate the resources available
to buy new energy systems, In Lesotho, miners' remittances allow
some farmers to buy plews (c.R40), cultivators (c.R60), and even
planters (cR120). Beds (up to R100) and other expensive household
items may also be purchased. Although not all farmers have access to
this level of resources, such figures do suggest that cash is fairly
widely available to install energy systems of low or moderate cost.

b. Value of Benefits. The things a new energy system does
must be felt by potential investors to be of personal value. Few
people, for example, would buy improved wood stoves simply to preserve
stands of trees which are preventing erosion of other people's land.

A reduction in labor to fetch wood for one's own fire, on the other
hand, will be taken more seriously. Although the stove designer
may place equal value on reductions in deforestation and work, we
cannot assume the investor will share this view.

c. Visibility of Benefits., The potential buyer must be able
clearly to visualize a new system's benefits, While venting dung smoke
outside a home could reduce eye and respiratory diseases, this relation-
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ship may not be fcrcefully apparent to the occupant. Similarly, the
agricultural value of saving dung for fertilizer use may not be suffic~
iently v.vid to attract investments in more efficient dung-burning
stoves. Whether such benefits are "real" or not will be less signific-
ant than whether they are visible to potential investors.

2. The Society's Point of View, All else equal, planners will wish
to feel that an energy system's benefits to society (even if unquantif-
iable) will be greater than its costs. Although much of.this calcul-
ation will ultimately be intuitive, we can at least help sharpen the
issues in economic terms.

Suppose, for example, we are considering use of insulation for rural
homes., We know the cost of weaving and installing the insulation. We
can also estimate the value of labor which would otherwise have to be
devoted to collecting dung for heating. What we cannot estimate are
such benefits as improvements in soil quality through leaving dung on
the ground, reduction in eye and respiratory diseases through decreased
burning of dung, and greater overall cleanliness in the domestic environ-
ment.

Using the analytical framework outlined in Section A.2, above, we
can represent society's point of view toward the ec.nomics of this system
as shown in Table IV,

TABLZ IV: BENEFITS OF HOME INSULATION TO SOCIETY (in Rands)
yrl yr2 yr3 yré yr5
Benefits
less Labor for ful
Collection 30 30 30 30 30
Improved Soil
Improved Health
Cleaner Domestic
Environment X X X X X
- Cost
Construction Labor; 25 -- -- -- --
Material 30 -- .- .- -
Maintenance 10 10 10 1¢C 10
Extension Services}! 40 5 S 5 S




We can then calculate what "X", the insulation's unquantifiable
benefits, would have to be for the system to be economically wrrthwhile,
Given the information in Table IV, only an X of at least R7,3C would
give the system a positive NPV at a discount rate of 12%, The experts
are then left to judge whether the insulation's benefits, in terms of
soil conditions, health and cleanliness, could reasonably be expected
to reach this annual level. Such judgments will be extremely crude,
but they are better than no economic judgments at all.

C. Economic Information-Gathering

In designing an energy project, the forms of analysis outlined above
are required to help decide which systems are most likely to be approp-
riate for field testing. Such conclusions should be viewed as only
preliminary, however, until surveys are made of actual conditions in
the specific areas where systems may be installed, Field tests them-
selves must also be carefully structured and monitored in order to
provide useful information for evaluating the project.

~..

1. Surveys. The first objective of a rural energy survey should be
to find out what villagers believe are their most pressing problems, along
with preferred ways of dealing with these. There is simply no point in
inflicting energy svstems on people who feel their most urgent concerns to
lie, say, in nutrition or road construction, Nor does it make sense to
ignore ways in which villagers themselves would like to proceed in dealing
with their problems. Only after interviews in a wide sampling of villages
will it be possible tc match energy systems with places where they might
be responsive to local desires.

More carefully to judge the economic potential of these systems,.
it is also necessary to acquire specific economic data. Local variation
in these data may make a considerable difference in the extent of system's
feasibility. Where an energy system frees people from the labor involved
in hauling dung, for example, economic benefits will consist largely of
alternative work which can now be done. A dung-conserving device could
therefore be quite profitable in one area (where new work was readily
available) and quite unprofitable in another (where few productive opport-
unities existed). Only when we have solid information on local conditions
can we predict which will be the case.

Adequately to analyze the economics of new systems, we will need
local survey data on at least the following items:

--probable value of the system's output (if measurable in market prices);
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-- alternative employment opportunities (({o measure shadow wages, as
well as to find benefits where the system chiefly releases labor
from former tasks);

-= costs of site preparation and installation of the system;
-- direct operating costs;
-= extension costs of introducing and maintaining the system;

~-- market interest rates for local borrowing (to estimate investor's
discount rates);

-- characteristic local investments (to judge available resources).

A given system need not be in place before these data can be
collected. Instead, knowledge of a device's technical characteristics
can be combined with local economic information to arrive at estimates
of its costs and benefits, To maximize chances than an encrgzy project
will succeed, at least preliminary work along these lines should be carried
out as part of the project before decisions are made to test new systems
in the field.

2. Field Tests, Field tests should be monitored to record the
economic performance of energy systems being used, Thi requires that
a written record be maintained ¢f values for all variables listed above.
From time to time, an economic analyst should update estimates of the
system's economic appeal from the perspective both of investors and of
the society as a whole. Such analysis should be supplemented by inter-
views with users, in order to determine how the systems are perceived from
a more subjective point of view.

To be meaningful, pilot field tests should be structired as
nearly as possible according to patterns which would prevail if the systems
were being more widely distributed. For example, unless the government
anticipates that a device will later be subsidized for general use, initial
buyers should be expected to pay a significant portion of the svstem's cost.
To do otherwige--as where prototypes are simply given awa - ---is to falsify
the experiment to the point where its results have little significance in
economic (or any cther) terms, If we have done our job of analysis well,
we should be able to assume that the systems involved are sufficiently
economic to be able to carry a large measure of their own weight from the
very outset of the project.
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DISCUSSION OF PRIORITY TECHNOLOGIES

I. Village Enerqy Consumption.

It is estimated that a typical family in a Lesotho mountain village
uses 95,000 BTUs per day of locally collected fuel (brushwood, dung, etc.).
Most of this energy is used in cooking on an open fire. The combustion
efficiency of an open fire is approximately 2.1% and therefore the useful
heat of this typical Basotho family's fire is actually 2,000 BTUs per day.
To bring one liter of water (at 50°F) to a boil in Lesotho, it requires
320 BTUs. The fuel consumption is therefore equivalent to the boiling
of 6.25 liters of water per day per family for cooking purposes. However,
much of the waste or unused heat actually heats the rondavel with hot,
smoky air. The consumption of 95,000 BTUs per day by a village household
s equivaient to 27 kilowatt hours per day, which is as much as an average
urban household (fully electric) consumes in Maseru.

It has been determined that fuel savings can be achieved primarily
in the cooking process. Therefcre, the PP team has necommended as a
pricrity technology the design and construction of efficient dung and
wood burning stoves. The heat source required in the cooking process
should be a steady slow burning flame, but weather conditions and house-
hold influences make the traditional open fire very irregular in heat
yield. Open fire efficiencies have been recorded ac low as 1.5%, with
an average of 2.1% and a maximum of 6%. By using any of the mud stove
designs described below, efficiencies of 10% and more are regularly
obtained. Thus the fuel required is reduced to one-fifth of the fuel
presently used by a typical Basotho family.

II. Characteristics of Village Fuels.

Energy consumption per family unit for several fuel types in
Lesotho is shown in Chart No. 11, -entitled "Village Energy Use -
Per Family of Four." This data was obtained by Malcolm aqd Lynda
Liilywhite frum interviews with villagers and from a thesis by
Mark Best of the University of Cape Town. The data is based on a
very small sampling in mountain regions, but is probably the only
such data for Lesotho. This chart shows various caloric va]ues.for
fuels and the potential fuel usage impact for proposed alternatives
such as solar heating, mud stoves and grain grinding. The chart
also shows various "effective temperatures”" for each fuel. The
effective temperatures help determine the ways fuals can be used.
For example, solar energy would be used for space heating because
its effective temperature is in the order of 100°F, while dung and
wood would still be needed for cooking at temperatures of 6500F
and 13000F respectively. However, a reduced quantity of these
fuels would be realized because of inherent efficiencies of the
proposed mud stoves.
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Other observations made from this village energy use data must
be made with caution. However, it can readily be seen that fuels
available to villagers differ in heat value and utilization. Dried
dung is a low-grade fuel, wood is medium-grade and paraffin is high-
grade. It will not be possible to eliminate the use of these fuels
by the Basotho nor is it desirable. However, the consumption can be
reduced from 50 to 80%. All of the RET alternative fuels are low
grade fuels. This is demonstrated by the low ‘Bffective temperature"
and the low caloric values (e.g., solar energy and pedal power).

III. Wood and Dung Mud Stoves.

1. Criteria for Lesotho's Mud Stove.

There are escentially two types of fuel available in the mountain
areas: brushwood and cow dung. The cow dung is available in two
forms: field dung in iiand shaped cakes (khapane) and kraal dung
which is dried in blocks (liso). In some areas, mostly lowlands, more
solid wood is available in small quantities, i.e., poplar, willow,
black watile, eucalyptus and peach. Indigenous trees like wild olive
have virtually beccine extinct except near streams and rivers. A very
common fuel for the lowlands is aloe lieaves.

The combustion characteristics of these fuels are different and
these differences are inportant in stove design and use. These
combustion characteristics are summarized below.

Combustion Characteristics of Village Fuels
Dung Cakes

Liso/Cobs Khapane Brushwood Wood Aloes/Stalks
Size Large/smail Any size Any size Long Large
Ignition Slow Slow Quickly Good Good
Combustion Slow Slow Very fast Fast Very fast
F1ames Little Little Very strong Strong Very strorng
Smoke Much Very much Little Little Littie
Ash Very high High Little Little Very little
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2. Mud Stove Design.

~ The following design criteria have been identified by the PP
tezin:

(a) Draft. While fast burning shrubs do need a draft
restriction, the dung firsz may burn more efficiently with a
stronger draft.

(b) Size and Shape of Combustion Chamber. For slow burning
dung and maize cobs a high chamber is preferable with the large main
pot located directly above the fire. For fast burning shrubs, stalks,
aloes, etc., a shallow, deep (long) chamber is preferable.

(c) Materials. There is 1ittle real clay in Lesotho. In most
cases the mud available is silicate, basalt or mixtures of the two.
The addition of sand and dung will make the mud more workable, less
prone to crack, more porous (for better insuiation) and more resistant
to scratching and chipping.

(d) Construction. The materials necessary to build a mud stove
are: mud, stone of any xind preferably flat faced (preshaped mud
blocks can also be used), dung, sand, some pieces of flat metal
which can be made by cutting and flattening empty cans which are
available in most parts of the country. The tools necessary are:

a shovel or spade, empty tin cans to tunnel into the mud, pick,
sledge hammer to break boulders, wheel barrow (not essential), small
builder's trowel and a tape measure.

(e) Construction Tiwe. The actual construction time for a
single mud stove is not long, but curing of the mud takes several
weeks. One week should be allowed for the initial base to set and
another two to four weeks are necessary for the stove tunneled
to dry. For demonstration only, a mud stove can be built and fired
in two days. For training purposes, two weeks should be allowed.

IV. Pedal Powered Grain Grinder.

1. Peda! Power. Pedal power, as an inexpensive dependable
source of mechanical motion has been used successfully in some
developing nations such as Nigeria, Malaysia and China. There is
enormous energy potential lying fallow in human legs. The scale
of that potential can be illustrated by the popular use of bicycles
in European cities where the cost of gasoline has always been high.

There are many advantages to the bicycle. It uses no mechanical
engine or petroleum fuel. The "engine" driving it, the legs, can
also carry it when necessary over rough ground and steep mountains.
It is relatively inexpensive to produce and yet has extremely high
efficiency (95%). It is a simple technology and as such can be
repaired by the owner and it has relatively inexpensive spare parts.
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A number of attempts have been made to use modified bicycles
to drive household equipment, electric generators, pumps and the
like. Some of Lnese mechanisms have become very useful and are
worth adoptiry and adapting to use in Lesotho. Besides the common
bicycle for transportation, the use of pedal power is particularly
interesting for village grain grinding.

2. Pedal Powered Grain Grinder.

(a) System components for the grain grinder are: a simple
high xfficiency grain grinder, a framework of metal or wood to carry
one or two persons, a chain (or V-belt) drive to link the pedals to
the shaft of the grinder and in many cases a fly-wheel to overcome
load shocks which may occur during operation of the mill.

(b) The Drive. Chain drive is most suitable for high
torque, low speed. For high speed, low torque the V-belt is more
suitable and is also best for quick ratio change. The chain has a
higher transmission efficiency than the V-belt.

(¢) Fly Wheels. Fly wheels are preferably made of metal
but concrete filled scrap tires and similar improvisations can be
used for low speed. Fly wheels must be very wel! balanced and well
supported.

(d) The Mi1l. Two types of mills are suitable for this
purpose. The first is the type used for coffee grinding made of
two burrstone plates with grooves. This is the simplest and most
appropriate to Lesotho and therefore is the type proposed by the
PP team. This type of grinder is efficient and relatively in-
expensive to build. The second type is the roller mill which
crushes the grain. Though extremely efficient, it primarily
produces flakes. Several stages are required to grind it in-
to flour and presently flakes are not popular in Lesothc. These
mills are also much more complicated and expensive than the burr-
stone mill described above.

V. Grain Storage

As a necessary ccmplement to the grain grinding technology,
the PP team has suggested the introduction of grain storage
methods to the rural Basotho. Approximately 20% of the grain
produced arnually in Lesotho is lost through poor storage techniques.
Very simp™~ storage technologies can he implemented using local
resources and skills.
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Perhaps the most sensible method is a grain crib raised off
the ground at least 3 feet with rodent baffles attached to the legs.
The grain r~-ib can be woven of the locally available grasses and
then smeared with a dung and mud mixture which will make them
insect-proof and also keep the moisture out.

Another method is a vessel made of thin-walled stabilized
cement. These vessels can be cheaply made using a stuffed bag as
a mould. This method is not as appropriate, however, as cement
is needed to be added to the clay and dung mixture to make the
vessel rodent-procf. The cement would have to be imported.

In either case, it would be wise to implement a drying technology
to insur2 that the grain is free of insects and excess moisture prior
to storage. One of the candidate technologies proposed by the PP
team is a solar food dehydrator. The implementation of this technology
for grain drying as well as veget~ble, fruit, and meat drying should
be seriously investigated as a support technolcgy for grain storage.

VI. Community Passive Solar Greenhouse

This community solar reliant greenhouse design is a Tow-cost
solar heated and cooled permanent structure made of mud, dung, and rocks
with a fiberglass covering. It is designed to provide a nutritionally
superior, irexpensive and year-round vegetable supply. This green-
house will operate in most areas of the world without an auxiliary
heating and cooling system. The greenhouse is a free-standing
structure and must have unshadowed northern exposure.

The unique feature of the solar reliant greenhouse is its ability
to maintain a comfortable temperature range without any utility energy
systems. This is accomplished by operating the greenhouse manuaily
during the day to accommodate the weather conditions and “sealing"
the greenhouse at night. The solar reliant greenhouse will capture,
store and manage the sun's energy by virtue of its integrated energy
conservation design without electrical or mechanical systems. Solar
radiation is captured when the sun's rays transmit through the
transparent fiberglass glazing and are absorbed by the black surface
of the water containers or other dark mud surfaces within the green-
house. The absorbed solar energy is transformed to heat which raises
temperature of these masses. The warmer masses in turn emit thermal
infrared radiation which cannot escape back through the transparent
fiberglass glazing at the same rate that the incoming solar radiation
does. This results in *he trapping of heat energy inside the green-
house barrels and is called the greenhouse effect. It is this heat
trapping process that occurs between the earth and the earth's
atmosphere that provides almost all of the natural neating and
cooling on earth. Likewise, the heat trapped in the designated
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areas of the greenhouse can also provide heating and cooling. However,
this trapped heat can also become the biggest problem associated with
the solar reliant greenhouse if proper ventilation is not maintained.

The solar reliant g eenhouse should be criented due north for
best performance. Periods of improper operation during the extreme
cold months may require the use of ammall back-up fire or mud stove
to prevent frost formation. The greenhous2 should be situated to
allow maximum direct solar expasure during the winter months and, if
possible, partial shading during the hottest summer months (e.g.,
deciduous trees or moveable insulation). The greenhot se also needs
to be in a relatively open area to utilize the summer breezes to help
ventilation.

The solar reliant greenhouse has been designed to use human
energy (labor) to manipulate the temperature control devices within
the structure to eliminate expensive mechanical systems and to
eliminate or minimize any utility cost for heating and cooling.

The exhaust vents may be opcned or closed automatically with passive
actuators. Additional automaticn may be incorporated if desired,
but this should only be necessary when labor is scarce or expensive.

VII. Food Drying

Althouah food dehydration was not identified as a priority
technology the prcbability of this technology finding its way into
the village is good. Therefore, a brief discussion of this technology
is given below.

1. Background. While dehydration is the oldest form of food
preservation known to man, very little is understood about the fine
points of the art. Little effort has been made to compare the cost
effectiveness or nutritional content of solar dried foods versus
canned or frozen foods. Anyone building or using a solar food
dryer will be contributing to the development of this revived
method of preservation. Sclar crop drying is and has been practiced
extensively in many parts of the world. It has been very effective in
the Middle East, North Africa and southwestern America. These areas
have warm, dry days which make solar dehydration very effective.
Traditionally, natural sun drying techniques take advantage of clear,
warm, rainless seasons such as occur in the southwest United States.
Food laid directly in the open to dry is subject to contamination
from air-borne dust and debris, insects and animal and human inter-
ference. To reduce this contamination and improve project quality,
it is essential that food be dehydrated in an enclosed structure.
This dehydration will not only protect the food from contamination
but will reduce moisture content to levels necessary to preserve
dried foods for a satisfactory period of time.
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2. Design. Because certain foods must be dehydrated in the
dark and at varying temperatures in different climates and weather,
the dehydrator box which holds the food needs a cover for shading
and a flat plate passive (convective) solar air heater to provide
hot air when the shutters are in use or when large gquantities c¢f
food are being dried. The cover is used to protect the 'dark dry'
foods from the sunlight which heats the dryer through the attached
air heater. The solar collector and dehydrator box (when unshaded)
are heated directly by the sun, which transmits through their ylazed
tops and is absorbed by the dark interior surfaces. The absorbed
solar energy is transformed into heat, raising the temperature of
the air and forcing it to move upward through the box and around
the food (convection). This hot air gently extracts and evaporates
tne water in the food and carries the moisture out through the
vents. This slow removal of moisture is called dehydration.
Dehydrated food can be stored at room temperature for long periods
without spoiling. The formation of heat by transforming solar
energy into thermal energy is called "th. greenhouse effect."

This is the only source of heat in the food dehydrator.
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Figure T 12 Botswana trainees making mud solar cooker.



ANNEX X

1. Project and GOL Personnel

The job descriptions of the project'sikeypersonnel aze described herein.
In addition, recommendations for Peace Corps Volunteers and MORD AT
Unit positions are also included. These recommendations are made in
an effort to secure the breadth and quality of skills necessary to
execute the RET prcject.

A. Program Coordinator (Physical Scientist or Eagineer).

The Program Coordinator shall be an employee of the U.S.
contractor respcnsible for implementing the RET projéct. The
Program Coordinator must report programatically to the Rural Develop=-
ment Coordinator of-iORDand liaise with the USAID Program Manager.
The Program Coordinator must also report through-normal corporate
channels of the contractor to insure £ &%actual obligations are met.

1. Scope of Work

(a) Manage and supervise project responsibilities and
project personnel.

(b) Supervise fiscal management of prec ject and contract funds.

(c) Act as primary facilitator between proiect activities,
GOL and USAID.

(d) Design with short term consultant and other staff
members final and prototype RET units, research technology
units and any other designs needed for the RET project.

(e) Insure technical and scientific soundness of all RET
experiments and designs.

(f) Coordinate and manage training programs.

(g) Act as primary traiuer for technical, managerial and
process functions for MORL AT Unit personnrel and VET trainees.

(h) Maintain thorough understanding of all demonstration
RET designs and a close contact with ths village using these
units.

(i) Make regular verbal and written progress reports to all
supervisors and-to personnel of USAID and MORDcollaborating
groups on technical perfomance of RET units and general
prcject progress.

(j) Act as project liaisom to GOL Ministries.



2. Minimum Qualifications.

(a) Undergraduate Degree in Physical Science or Mechanical
Engineering (graduate work or degree are preferred).

(b) At least five years experience in RET design develop-
ment or research.

(c) At least five years experience in RET or related
managemenc Oor supervisory responsibility.

(d) A demonstrated RET design and engineering capability.

(e) A working knowledge of Sesotho or willingness and
commitment to learn Sesotho.

B. Field Supervisor (Social Scientist).

The Field Supervisor (Social Scientist) shall work on contract with
or as an employee of the U.S. contractor responsible for implementing
the RET project. The Field Supervisor shall report to the RET Program
Coordinator.

1. Scope of Work

The Field Supervisor shall have the fcllowing responsibilities:

(a) Review the social, economic and social anthropological
literature on Lesotho, with specific reference to village life,
the problems of development and energy-related activities and
needs,

(b) Experience residence in a village in order to become
thoroughly familiar with Basotho culture and village life in
Lesotho, and to gain a grasp of villagers perceptions of
energy-related priorities in development.

(c) Become generally familiar with the principles and
technologies in the field of renewable energy.

(d) Have responsibility for the research, design, implementa-
tion, management and monitoring of the social, cultural and
economic aspects of the RET project, and to ensure that the
project's activities are economically and sociologically
sound and are responsive to local priorities and needs.

(e) Design and implement village research into energy
problems, as perceived by villagers themselves, along with
the village-level resources (financial, social and instituti-
onal) available to address these problems.



(£) Coordinate sociological, economic and physical aspects
of the design of renewable energy technologies.

(g) On the basis of at least preliminary research, and in
conjunction with the Program Coordinatowr, and Process
Documentation Group, selected possible sites for implement-
ing RET activities.

(h) In conjunction with the district community develcopment
staff, meet with villagers and villagze representatives to
agree on technologies to be tested and to select villagers
for training as Village Fnergy Technicianms.

(i) In conjunction with district community development
staff and other support personnel ensure that village
energy technicians receive sufficient support.

(j) Establish effective village-level management procedures
for both individually and communally managed technologies.

(k) Establish procedures for monitoring the effectiveness
of the economic and sociological design, and the cultural
acceptability of the technologies.

(1) Coordinate and manage a system of ongoing evaluationm,
or process history, as outlined in the Project Paper.

(m) Coordinate and liaise with the Rural Sociologist and
other staff in the Rural Development Management Unit within
the MORD.

(n) Draw on and supply information to the socio-economic
data bank in the planning unit of the Ministry of Agriculture.

. Qualifications.

(a) A post-graduate degree in Sociology or Social Anthropology
or an undergraduate degree in a similar field with research
experience.

(b) Working kmowledge (or a commitment to acquire this)
of principles of economic analysis of small-scale energy
systems.

(c) Research experience in rural Lesotho and working knowledge
of Sesotho, or similar research experience and a commitment

to learn Sesotho and take up at least a period of residence

in a rural village.

(d) Experience in applied social research and the ability to
work in an interdisciplinary team.

(e) Administrative experience or ability.



C. Laboratory Supervisor (Physical Sciencist or Mechanical Engineer)

The Laboratory Supervisor shall work on contract with or as an
employee of the U.S. contractor responsible for implementing the project.
This position will report to the Program Coordinator.

1. Scope of Work

(a) Supervise and coordinate all activities of the R & D
Laboratory in Maseru and in each rural impact area.

(b) Maintain technical quality of RET designs and units.

(¢) Participate in the design and coordinate installation and
operation of the R&D technologies.

(d) Act as trainer for all aspects of the RET program.
(e) Prepare regular progress reports on laboratory activities.

2. Minimum Qualifications

(a) Undergraduate degree in Physical Science or Engineering (with
experience in thermodynamics or thermophysics preferred).

(b) At least three years experience in laboratory procedures.

(¢) A demonstrated knowledge of RET designs and engineering.
D. Peace Corps Volunteer Qualifications

1. Research and Development Laboratory Coordinator.

(a) Undergraduate degree in science or engineering graduate degrees
preferred.

(b) Three years experience in laborarory work.
(c) Experience in media or photographic work.
2. Kural RET Training Center Coordinator
(a) Two years volunteer experience (Lesotho preferred).

(b) Techmnical or mechanical background or have a high mechanical
ability.

(¢) Willingness and ability to work with Basotho by living in
rural village.



E. MORD A.1. Unit Personnel Qualifications.

1. A. T. Unit Supervisor.

2.

4.

(a) Undergraduate degree in Physical Scieuce or Engineering.

(b) Aptitude and interest in administrative and supervisory
zasponsibility:

(¢) Good mechanical aptitude.

(d) Willingness to live and work in rural areas for short
periods of time (2-3 wmonths).

Assistant Solar Engineers (two positions, 1 male, 1 female)
(a)Complete high school education.

(b) Aptitude for econouic and financial analysis.

(c) Experience or aptitude in mechanical skill.

(d) Experience in mechanical drafting or art.

(e) Formal training or willinkness to receive such training
in social science.

Senior Technical Officer (two positions, 1 male, 1 female)

(a) Good understanding of rural village environment (should have
lived there).

(b) Experience in mechanical skills.

(¢) High school level capabilities in mathematical skills.
Technical Assisrants (four positions, at least two females)
(a) Agressively interested in helping the rural people of Lesotho.
(b) Willingness to live in rural villages.

(c) Mechanical aptitude.



ANNEX L

L jpistries 2n
Project Type Ministry Contact: Area of Co-operation
(1) Wood lots Agriculture AC Baines Project location, data on
Deputy Director on fuel use, provision of
village fuels.
(2) Planning Secticn " Ms Mcshoeshoe
(sociological Data J. Gay Data Bank on sociological
Bank) T. Guma needs.
(3) LAsA " G. Wilkens Resource Material on Agric
J. Eckert and related issues cn
Lesotho.
(4) Food and PM's Office Mrs. Phafane Data on Nutrition, and
Nutrition J. Anderson cooking habits.
Co-ordinating
Office (FNCC)
(5) villagr Level Agriculture- Mrs. Mokhachane Co-op an ? food drving.
Food Preservation Nutrition
Project Division

(6) Silee Rurcl
Develomment Project

(7) Mafotholeng
fural Developrent

(8) Rankakana

(9)
(10) Rural Dev.
Management Unit

(11) Cammumnal
garcens

(12) village
water supplies

(13) A.T. Wnit

(14) T¥abana
Rural Lev.

MinRuDev (Danor
Sashakhewan Gov.)

MinRubev (Donor
Cxfam)

AL (Private
Health Assoc.
of Lesotho)

MinRuDev.
funéed)

(UNDP-

MinRuDev.

MinRuDev.

Ministry of

Camerce &
Industry BEDCD

MinRuDev.
Donor)

(UNDP

Mr. R. Dagleish

M. Taole
(Oxfam Mr. J.
Parson)

Ben Pekeche (?)

not started

Edwin Sello

A. Hatmenn

J. Masfin

not yet started
FAD Rep.
Gary Bayer

Potential lowland Projeci:
sits.

Potential lowland Project
sits.

Potential Moonkin Project
sits.

Socioclogical & survey
support.

Co-op on establishment of
creen houses, growholes
Shaving facilities in
MinRuDev. technical secticn
?Training Officer.

Research production of RETs.

Potential lowland Projec:
site.
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Project Type Ministry Contact Area of Co-operation
(15) Cana High Min. of Educ. Peace Corp Potential lowland site
School

(16) Camumity " village selection
cutreach programme
(17) Thaba Khupa Min of Agric R&D

A.T. wnit
LoTC Ministry of curriculum material

Education evaluation




ANNEX M

Glossary of Abbreviations

AID - Agency for International Development

ATU - Appropriate Technology Unit of MRD

BEDCO - Basotho Entzrprises Development Company
FTC - Farmers Training Center

GOL - Government of Lesotho

LDTC - Lesotho Distant Training Center

ﬂbﬁb- Ministry of Rural Development

PP - Project Paper

REDSO/EA - Regional Economic Development Service Office
East Africa

RET - Renewable Energy Technology
RDL - Research and Development Laboratory

VET - Village Energy Technician





