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SUMMARY A.~ RECOMMENDATIONS 

A. Rec01IiIIlenda t ions 

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 0: 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, Su?plp~nt B, I8A, 4b. 

B. Project Summarv and Description 

The project proposes to meet expanding energy d~nd, pr~~rily among 
lower income groups, in wa" th~t minimize national requirements for 
scarce, expensive or non-renewable energy. This will be done by dis
Seminating a set of renewable energy technologies in rural pilot 
areas, while simult .. ~eously 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 weatherization, 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 gas and sl~ 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 GOt 
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 economic 
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. 
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Project outputs will ~eLJter 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 th~ house. 

C. Summary FindinS,! 

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 
I)f coal, oil, and wood diminish and pricas increase. 

The environmenta 1 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. 
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II. Project Background and Detailed Description 

A. Background 

1. General 
The Kingdom of Lesotho is one 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 overpopulaterl. 
Lack of an initial obvious development potential, co~pounded by the fact that 
Lesotho has foe 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 c~nsus 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 tTo.'o-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. rne remaining two-thirds of the country, containing approximately 
one-third 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 Govern
ment capital expenditure wa! approximately R30 million in 1978-1979. 
Government has expressed concern that the rec,urrent 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 Leeotho is a member, is expected to decline in real terms after 
1980-1981. 

LesoCho's economy is extremely dependent upon external 
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sources. Ap?roximately 70% of de\'elopmEnt capital is supplied by 
donors, though the rate of ~nderspending 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 dependen~e 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 fro~ an external source (10% 
in food aid) and almost all manufactured good~and high quality energy 
supplies come from Sout~ Africa. 

2. National Energy Needs 
Lesotho has negligible fossil energy reserves. Narrow 

seams of bitumi~ous 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 resul~s of investigations into possible oil deposits in Lesotho have 
~o 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 8.87. of total imports, 
whereas the cost of fuel i~ Lesotho is dependent upon South Africa. The 
greatest increase occurred in mid-June 1979 when the price of petroleum
based products was in~reased by 36% such that in late June" a litre of 
petrol cost 53 cents (U.S. 62 c~nts 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) 
~'raffin (R4.5 million) and diesel (R2.3 million). The amount spent in 
1976 on paraffin is nine times that spent in 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 
Lesotho. 

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 int~uds to encourage the use of alternative 
sources of electricity -- diesel generators, solar energy systems and 
windmills .,- in the Third Five Year Plan. 

Lesotho's wood resources are minimal and the country imports 
timber and firewood. 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 mnistry of Agriculture and annually 
plants approJtimately 450 ha (1)100 acres) of eucalyptus and wattle forest 
in areas adjacent to lowland viJ~ages to serve as a source of domestic 
fuel. Even at full production the 104 woodlots already establis~ed will 
cater to only a small percen~age of their neighboring villages' needs. 
The prospects of extending the proj ect to the mountains appear slim. 

3. Village Energy Nep.ds 

a) The Definition of Needa. 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 consultations 
among village representatives, GOL/MORD staff~ and contract p~rsonat1. 
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b) A~e Energy Needs a Priori;y? No comprehensive 
assessment of village dev~lopment 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 en~rgy consumption in Southern African villages found that a large 
majority of Basotho respondents considered collection of firewood to 
be .,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-r,!lated needs: 

(i) 
(ii) 
(iii) 

(iv) 

impr~ved fuel saving facilities for cooking 
improved fuel sav~ng facilides for heating 
a means of extend1. ~ the vegetable growing 
season 
improved grain grinding facilities 

Other energy-related village needs which at this stage 
are more tentatively id~ntified 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 ~he project. On a national level, the need f.or 
smal1-scale, . decentralized electrical power supplies (e.g., for rarlio 
facilities and rural clinics) and renewable heating fuels (e.g., far grain
drying at regional feedlots) were identified as falling within the scope 
of this project. 
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B. Pr~ject Description 

1. Project Goal and Purpose 

The project proposes to meet expanding energy demand, primarily 
among lower income groups, in ways that mit:' r -:e national requirements 
for scarce,expensive, or non-renewable ener'_ This will be done by 
disseminating a set of renewable energy tr~d: ('l.Jgies in rural pilot are~s, J 

while simultaneously developing the in6tituti~1 basis for more genera 
distribution of systems found to be technically.' ecc .mcally 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 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 
s~heme. Success wi~h these ~easures will mean achievement of the project 

. purpose of dissem~.nating renewable energy technologies J 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 will 
not represent significant additional strain on GOL absorptive capacities 
and,.especially, it will not involve increased recurrent costs. A follo~
on nationwide program would involve increased recurrent costs, but the 
pilot program will have provided a clear picture of costs and benefits. 

2. Outputs 

Outputs can be grouped into six basic ~ategories: 

(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 
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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 75% of the activity performed in achieve
ment of these outputs will occur in the villages. Over 70% of the head
Guarters activity will be in direct operational support of the village 
level activity. Only the feedlot activity ana headquarters operations 
in support of the feedlot activity do not directly support and .benefit 
villagers. However,_ spinoff bene~i ts of this experiment (such as' e:nployment, 
inexpensive fertilizer, and better veterinary services and marketing 
chaunels) 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 yrs 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 
~upervisor and laboratory supervisor will also be recruited by the contractor~ 
specifically by the program coordinator upon his arrival in country. T~e 
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. 
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The short te~ consultants will be a combination of American and Code 941 
~rsons. The remaining long term persons l/ill be Basotho local hire. 
See Annex K for position descriptions. 

B. Commodities 

1. Vehicle Purchase (5) 
2. Media Equip~nt 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 

Media and Curriculum -

50 
40 
46 

125 
155 
140 

27 
583 

Due to the heavy emphasis on trslnlng in the RET project and due to the 
documentation activities associated with project evaluation, extensive use 
of media equipment will be employed. This equipment will be used to prepar~ 
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 i.n the RET project 
to establish technical credibility of the RET units Rnd 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 ru=al areas to replace diesel fuels with an equivalent 
quality of energy. These technologies can only be evaluated under these 
conditions ezperimentally and are therefore included in the RET project. 

Energy Saving Devices -

The mat~rials purchased for energy saving devices will be used for 
training demonstrations and by VETs for building their demonstration RET 
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units in the villages. None of this material will be given to the 
villagers for construction of privately owned RET units. 

Shop Equi pmen: -

The shop equipment purchased by the project will be p!aced at each 
of the RET training centers 3nd the R&D Laboratory. These facilities 
will be us~d to make prototype RET units and will be used by the VETs 
thereafter to repair installed units. 

C. Training Costs 

1. Local Training Expenses 
2. Peace Corps Training 
3. Tool Kits and Training Equipment 

Sub-Toto! 

Training 

59 
2 

40 

TOT 

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 t?aining 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 ,kills 
and materials to conserve household energy use. This house will be a 
showpiece and will help urban Basotho understand the potential of RET. 
!1ost importantly, this house will save $600 to $800 per year in heating 
costs at present electric rates in Maseru. 

E. Support Costs 

1. Vehicle Operation and Maintenance 65 
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F. Inflation 

G. Contingencies 

TOTAL AID INPUTS 

roL INPUTS 

A. Support Costs 
1. GOL Staff (Eight Positions) 
2. Office Space/Laboratory Space 
3. Warehouse Space/Land for 

Program Coordinator's House, 
site preparation and utilities 
hock-;.t!' 

Ol'HER INPUTS 

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

127 

106 

'$1,-600 

66 
3 

8 
$71 

act as regional testing center coordinators 168 

TOTAL OTHER INPUTS 

T~TAL PROJECT INPUTS 

$168 

$1,845 
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4. Organizational and Operational Aopruach 

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 als~ 
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 Proc~ss (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 
~'[)RD staff and Peace Corps trabing program. After the staff training is 
complete, (approximately 3 month3) the MORn 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 m~mb~rs of the A.T. Unit staff and one of the 

Peace Corps volunteers will begin ~uilding and testing the priority technology 
RfT units at the laboratory and at each of the training centr.rs. This four 
person team will continue throughout the project lifetime to focus on improving 
technical performance of the RET units and on getting this technical information 
into the training activities and into the villages. 

b. Organizational Strategy 
The project propo"s to establish a village-level process to identify 

and verify feo lt needs and technologies and to meet these needs through the exist·~ 
ing structure of tbe 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 acc.eptable 
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 s~ills 
through the MORV staff to carryon the process within the existing administrative 
and institutional structure. The largest single effort of the RET project is 
that of training aud building confidence i:t the MORD staff and village selected 
trainees. The village residents will be selected by the villagers for train
ing and will be called Village Energy Technicians (VET). The VETs will return 
to their villages after training is complete to establish demonstrations and 
b.egia offe~i~g their new skill to othar 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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c. RET Implementation Process. The RET project implementation is 
based on a process which involves village people ir~ an ongoing discussion 
concerning the nature of their needs within the context of energy usage 
and an educational process concerning renewable energy technology. 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 
vi llage 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 e,rentually 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 ~hen they return home after trai~ing. 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 a~d operational training for these units (Steps No. 8 
and 9) must also be closely surported by the MORD ar.'- RET teams until such 
time as a VET is well-established, experienced and confident in 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. "------, .. --------- --i;~ 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 a~d, 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. 
7bis procedure will also be used to support and upgrade MORD 
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staff and VET trainees capabilities ~v 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 
Otronology" show the projected timeline for this transfer of respons
ibility and for monitoring the performance during the transition. 

The selection of villages for initiation of th~s 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 develo~ment 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 shoW 00 iIi Chart No.8, entitled '''Proposed RET Project Organiz
ation" • 

11)_ 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 _ell as coordinating the Project Adviso-y Committee and 
training activities. The Advisory Committee will be comprised of 
representatives of all collaborating ~nistries and projects as well as 
selected Community Development Officers and VETS. This body will provide 
an interministeria1 viewpoint and help avoid duplication of efforts. The 
Project Coordinator and AT Section Chief ·~11 report to the MORD Rural 
Development Coordinator. The Project Coordina~or will also be a primary 
instructor in the training program. 

(2) Evaluation. Evaluation is the ~ost important management 
function in this Project. Evaluation will be coordinated by the Fi21d 
Supervisor. This evaluation is internal to the project and couples the 
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continuing village survey procedure, the technical performance analysis 
and input from staff VET corps, and village participants into an on-
going documentation process. These inputs are formally revi~wed 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 ~ORD ATtlJ 
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 ether 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, 
'~illage-Level RET Implementation Process". The findings of the 
ProcesD Evaluation Group will be fed back to appropriate activities of 

the project for use in: improving project management, upgrading train
ing, repalrlng existing malfunctioning RET systems, improving RET designs, 
evaluating the capabilitieo 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 find~ngs 
of this group. 

The Process Evaluation Group will initially be responsible for 
identifying and verifying village needs, corresponding technologies and 
selecting villages and working out arrangements with each village for 
communal and indivicual 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 formulate 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 consultants, 
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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: l)orientation and 
training of RET project sta.Ef and Peace Corps volunteers in the Sesotho 
language, process documentation and construction of RET units, 2) train
ing the MORO 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 shorMU in Chart 
No.6, entitled "RET Project Implementation Schedule". 

Each 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 w:ll attempt 
to produce high quality training lIlC1terials and "how-to-build-i t" broch
ures for various RET systems which will be distributed during village 
tralnlng 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 P~oject Staff and Peace Corps but not the LDTC to 
do field work for the RET project, but will help ~lith other cur~iculum 

tasks. 

(4) Research and Develo ment Laborator. The Research and Dev
elopment Laboratory ROL 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 construction 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-hydro~lectric 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 ccmpetence 
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 
awn (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 certified 
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, they 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 ch~se 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 ~he VET. At present, the most appropriate materials supply mechan~ 
ism has not Oep.n specified. Distribution, marketing and ~ccountability 
could be established, however, at state stores, the training centers or 
other existing institutions. This will be worked out during the initi~l 
stages of project implementation. 

e. Selection of Technologies 

The renewable energy technologies ha~e been selected based upon 
~~e preliminary need assessment, and economic analysis (see Economic 
Analysis Section III. C.) and upon the degree to which th2se 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 pIeced into three groups: priority technologies, 
candidate technologies and rasearch 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.w~re 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 g=oup 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 theae technologies 
would probably result in communally owned and maintained systems. Ho~ever~ 
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 ut.ilized by the project. 

(~) Research and Development Technologies. This group of ~Ts 
was identified based on regional 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-hydroelect=ic 
system at a rural health clinic in the remote Ha Lejone Mountain area. 
The purpose of these experimental projects is to demonstrate that ~here are 
RETs that can replace diesel-powered electricity generating systems. 

f. Project Housed~Ainistry of Rural Development. The nature of the 
RET requires the use or an "in-place" rural/community development structure. 
It is recommended that the Lesotho RET projec~ be housed in the ~inistry of 
Rural Development (MORD) for exactly this reason. The Ministry is concerne~ 
with rural problems, has technical construction facilities, at~empts to work 
within a framework of experience, works under a self-help philosophy, 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 ~upplies, 
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 
development officer in Maseru, to newly established posts for Community 
Development Assistants who shall be resident in villages. 

The MORn has also recently (since PID preparation) upg~aded the 
research unit investigating alternative technologies and created an eight 
member staff Appropriate Technology Unit (ATU). All personnel in this 
unit 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 
is now actively recruiting to fill the positions. 

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 ~ntegrated Rural Development 
Projects are in the process of being established. These are: The 
Thabana Moren3 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 
Secti.on. 

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 or in-place institutior.s 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 majority of the project funds 
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and staff time to be directed towards training village people. 

The collaborating ministries are 1) ~Hnistry of Agl~.:ulture, 
(MOA) 2) Ministry of Education (MOE), 3) Ministry of Commerce and 
Industry (Mel), and 4) Ministry of Works (MOW). Through the Ministry 
of Agriculture, arrangements will be made to utilize the Farmer Training 
C~nters 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 Cente= Service Agency will be utilized to help prepare 
curriculum, training and media materials in Sesotho and English. The 
Bsotho Enterprises Development Corporation (BEDCO), located in the 

Ministry of Commerce and Industry, will be used to develop commercially 
viable Rtf 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 cente" 
around the RET Project Research and Development activities directed at 
replacing die~el-powered electrical generators at remote clinics and 
scheols. 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 see the value of 
this critical technology. 

h. Relationship with Other Donors 
While the AID project will be the major ::hrust in renewable energy 

in Lesotho, there are other donors carrying on cl~sely-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 Gover~ment 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 Lesotho. 
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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 
'Nith the Canadians. 

The Swea~sh Government, British Hig~ 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. Th~ technologies selected will not be the solution in themselves; 
however, the inter~:~ciplinary 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 
selected by the PP teac 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 append~x. The following criteria were used 
to identify the technologies and tentative designs proposed by the PP 
team. The RET team designs: 1) must use only renewable energy sour.ces; 
2) must meet a felt need: 3) must be well understood by the technolog
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 life·time; 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 skflls 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 on 
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a vertical wall during Lesotho's winter is approximately 1500 BTU/ft. 2 . 
Based on a finrling 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 20h) of glazed mud solar 
collectors on mud wall greenhouses. installation of 60 ft 2 of glazed mud 
wall solar collector on a rondavel would cut heating demands by 50%. 
Coupling direct passive solar space heating wi~h a thatch insulated 
home which utilized a mud stove for cooking could reduce the total house
hold fuel consumed by 75% 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 
~cause th~y 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. 

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) value of 967 K cal/lb (3837 BTU/lb) 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 3% 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 XRD. 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 village. 

The ~ud stove program should look at individual 
fuel efficiencies, as it pertains to dry vegetative matter such as crop 
residue, weed, leaves, etc. At present these fuels are gathered and 
burned as very small pieces, one to two inches (2.5 to 5 em) in length) 
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directly in open fires. The,e fuels burn rapidly and as much as 97 
to 98r. 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 
imp1ementee 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, thp.refore G110wing most of the dung 
for restoring organic matter and plant nutrients to the badly depleted 
soils of Lesotho, (2) The sooke 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 systems for 

roughly the same investment. Dratt animal methods are too large and expensive 
and require a herdboy to work the oxen. The pedal power design shown in 
the appendix C3n grind about SO lbs per hour or 30,000 1bs per year, costs 
about S80 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 to grain grinding, and as a necessary 
complement, the project will provide various designs for storing grains 
and flour or mea1ie (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 operate a grain grinder. 

(c) Thatch Insulation aud Weatherization. At p~esent about 
20% of lowland and 5% of mountain dwellings are rectangular and incorporate 
corrugated metal roofs. These metal roofs are a status symbol and very 
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 sutIDDer. The use of 2 inches of t~.atch insulation made 
by the village women and placed in the ceiling of the metal roofs, windows 
and crack9 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 or the proposed thatch insulation ;5 shown in~e 
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 ot about 4, making it approximately equal to American 
fiberglass insulation. This technology is recommended because the 
materials and skills are presently avai'2~le and potential for adoption 
is good. 

(d) Passive Solar Greenhouses. The growhole greenhouses used 
for seedling production and wintei:' gardening and the large communal passive 
solar greenhouse for off-season and winter food production are ~~ll known 
and proven technologies in the United States. Because the technologies 
were developed primarily by the ~~erican 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 :-IORD 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 cased on sound 

scientific ~odels. The methods of training used for introducing thes~ 
technologies to the rural Basotho will enable them to assimilatp. the 
technologies by directly involving village people in the construction of 
RET units. The "science process" is therefore assimilated experientially 
by the VET trainees and village ?articipants, helping them to discover for 
themselves how the system functions. This community based technology 
development process involves Basotho participant9 froo its beginning by 
defining their needs and conceptua!ly developing RET unit designs through 
a workshop in the village. '!his method of turning technology design and 
development over to vElagers allo~is the participants to thoroughly under
stand the technology and the design process within their cultural, economic 
and social framework and it therefore becomes "their" solution. This 
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process also provides a thorough understandlng of how the system works 
because the participants build, install. and operate the ~ystems. They 
will therefore be able to carry out the service and repair responsibil
ities after technical assistance is no longer available. This is the 
"do it yourself" or "self-help" process upon which the p:oject is based. 

4. Technological Feasibility. 
The priority technologies and specific designs recommended are 

deemed feasible by the PP team. However, to insure long tp.rm acceptabil
ity, design modification must ~e made by the villagers and program staff 
as the program progresses, and the succe~sful modifications must be 
incorporated into the training !,rocess. To i::'lsure this OCCU7.'S 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. 

s. Research and Development Technologies. 
The Jesearch and Development technologies have been identified C~ 

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 Sy~te~. The Ministry of Agricult
ure and the Ministry of Rural Development have made efforts to improve soil 
conservation and implement a range management program through establishment 
of grazing associations in the mountain areas and through establishing feed
lots in the foothills and lowlands. Relating to these activities is 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 ~asi~nokeng villa~e 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 lOW anerobic 
digester for methane gas production and sludge fertilizer pr'.duction at 
this village feedlot would experimentally determine the feadbility of 
replacing diesel fuel with bio-gas (methane gas) generated Jy 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 collectio:.l 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 75% manure capture efficiency at 40 lbs of 
manure per cow with 18% of the manure being organic volatile solids,this 
size systec will yield about 3000 ft 3 of bi~-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 unc~rtain at present but if reduced feedlot operat
ional costs were realized and a Much needed fertilizer (digester sludge 
by-product) was made a7ailable to the 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 1s 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 transportation 
tiwe. The proposed system will incorporate a fall of water through a two 
inch (5 em) 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 Environmental Examination 
recommending 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) Tae 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. 

(c) 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 relations 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 effect of 
varied influences on Basotho culture is made all the more ~omplex 
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 lif~ in the impoverished 
rural areas of Lesotho. 

(d) Village Social Organization. The basic socigl 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 or migrant laborers and the higher 
male death rates mean that women effectively head 60% of households. 
Migratory labor seriou~ly 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: 

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

(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. 

(e) 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 modern inputs and difficult environmental conditions. 

(iv) Other Income-Gen~r~ting Activities include bee~-brewing, and 
activity sociologically well-suited to the demands of the mig=ant 
labor economy, and the occasional sale of fresh produce, milk and 
handicrafts. 

(f) 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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traditionally 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 al'eas of responsibility and her 
position is secure and clearly defin~ci. 

In practice, adaption to a society dominated by migrant labor 
has meant that the position of women is ~ore 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. 

Secon~ 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 positions. 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 Lesotho must be added to their other 
b'Jrdens. The insecurity of their position resulting from conjugal 
instability, lack of control over the mystical realm, intermittant 
income and yet increased household responsibilities may well be as 
important a factor as poverty in explaining village inertia. 

2. Beneficiaries 

A. Dirp.ct 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. In 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
gies 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. 
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c) Users of Institutions. Demonstration units will be installed 
in institutional buildings in strategic locations, i.e., schools, 
clinics, 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 tv their feasibility (e.g. solar cell water 
pumping and battery charging, solar food dehydrators) and those 
identified to be established as national research projects (e.g. 
mini-hydroelectric systems and feedlot anerobic digesters) have 
regional and/or national benefits. The Program could potentially 
contribute to national develor~ent by developing alternative souces 
of high-grade energy at naticnal feedlots, small-scale hydropower 
schemes and improved energy sources for communication facilities. 

B. Social Benefits. 

1) Time-Hardshio 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 Hygiene. The proposed technologies 
will improve villagers' health in a number of ways: waroer 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 hygenic home environment; and 
greater vegetable production and extension of the growing season 
should improve nutrition. 

3) The Benefits of Self-Help. If villag~rs 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 hocogenity 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 HORD 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 which 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: 
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(a) "Bottom-up" Planning. Rural villagers must be involved in 
the design, planning and implementation of all villag~l-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 tak~ 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 one 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 actbities. 
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 takil " steps 
towards strengthening the District Offices. 

(c) Ongoing Evaluation/Process Historv. Furthermore, the Project 
proposes an appropriate proc~ss documentation or process history 
management Jtructure which will enable the project integrate engineering 
design and socio-economic data, cope with the broad scope of the ~roject 
and be responsive to villagers'needs. It is proposed that this 
process of ongoing, internal eval~tionof 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 Prooosed Technologies. 

(a) Cooking. A study of energy consumption in ~alefiloane 
a mountain village, concluded that cooking consumed 68i. 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 one 
or two paraffin stoves. Fuel collection, whether to gather bt'ushwood, 
dung from the kraal, or paraffin from a trading store is ardous, time
consuming work. In Malefiloane the village women walked 3.5 kms 
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over a climb of 300 meters to the village'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 t~e 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 £!E!, most vegetables, and leshele~hele; 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 hOlJseholds 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 tiey 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·o~her 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 mou~tain 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 prov~s~on of simple mud stoves to thatched huts must be 
accompanied by imprl.'ved 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 ?araffin 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 Growing Season. The 
short growing season, particularly in the mountains, is 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 ~nd 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 imp1\~mentation of communal greenhouses should draw on the 
experience gained from the communal garden program, and follow the 
organizational pattern whereby the construction of the garden, and 
the water supply and the provision of seeds are the only 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. 

Th~ argument for the prov1s10n 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 ~ 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 ~ORD'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. 

(el Needs and Technologies 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, is 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 
d~manding. 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 hoa1 washing facilities) envisaged in the USAID 
Lesotho Rural Water Supply Program and the proposed 
Rural Sanit3tion Program. 

(ii) Food Dehydration and Preservation. A substantial 
amount of agricultural produce is ~ost 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 currently 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 cUlrently 
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 Pl~pS. Irrigation is not 
commonly practic.ed in villages, but lack of timely watering 
is a significant constraint to crop yields. The untimel.\ness 
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 e~pense, greater risk, and a greater innovation 
in comparison with other ways of preser'1ing 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) ]ndividual Technologies. The proposed technologies with 
individual banefits are simple mud stoves, improved home insulation 
~nd 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 shoulci 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 with domestic 
technologies and that the elected villager would be expected to 
remain within the village and not. to migrate to the Republic. 
The factors favor the selection of women for the posts. 

Part of the VET's training will be the s4pervised construction 
of demonstration projects at he~/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 pain by each household for each facility. The District 
Community Development Officer and the RET Project Field Supervisor will 
be r~sponsible for supporting the VETs in the settlement of village 
disputes. The RET Project Manager, the Ministry of Rural Development 
AT Unit and the district/regiooal 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 domer.tic 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 comcunal 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 goverr.ment for vill 'J~ institutions. 
The implementation of the recommendations contained in the Wilmot 
report will, to a certain extent, alleviate the latte~ 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 inapp~opriate form of village-
level management of development programs. 

It is recommended that communal greenhouses anci grain 
grinders be managed by as~ociations 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 Commun~l 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 manageme?t 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 association~ should decide for 
themselves how they should reward the VET for her/his services, but 
it is recommended that, to ensure lone term success, the VET 
should receive a small annual pa)~aent in a fashion si~ilar 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 ell greenh~use 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 develoFment 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 insulat-ion, grain-grinders. The same is 
true of such additional. "candida.te" technologies as food driers and solar 
water or space heating systems. ~oreover, 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. 
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C. Economic Analysis 

1. Introduction 

As is true throughout Africa, most e.lergy 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 a much lesser 
extent) for cooking and space heating. In recent years, both sorts of 
energy have become less accessible. The supply of wood and cung is increas
ingly inadequate to meet demand. At the same time, dramatic increases in 
petroleum prices have beg~tn to cut deeply into the cash resources of the 
poor. 

This project will address both problems. Most of the systems 
proposed would make more efficient use of non-commercial energy: improved 
wood and dung combustion effici~ncy stoves, better insulation, g,..eenhouses, 
and possibly such additional systems as solar spa~e and water heaters~ .~ 
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 nvt 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 systems being dissemi~ated 
will actually have benefits greater than their costs. These relationships 
are examined from thl.! 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: peda1-
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.OS per hour, or R1S 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 or 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 ~e 
required to carry grain to stores for commercial milling. Adequately to 
value t~e 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 5 

Benefits 

C CJ1IJIIerci a 1 milling charges 
foregone 75 75 75 75 75 

- Costs 

Construction Labor 5 
~ateria1s (kit) 70 
Operating Lahor 15 15 15 15 15 
Maintenance 20 20 20 20 
Technician's Services 10 2 2 2 2 

= Net oenefit to Investors -25 38 38 38 38 

X Discount Factor (30%) .. 769 .592 .455 .350 .269 - -
= Present Value to Investor -19.23 22.50 17.29 13.30 10.22 -

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 
~ke 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 of view, the system will look even more 
attractive. Lower shadow wages and discount rates will increase the rate of 
return significantly. Since marketing is 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 analysis, 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 Govarnment programs. In analyzing the net contribution which 
a greenhouse would make to the economics 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.S0 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 yeats 2-10, 70 person-days of 
operating labor will be required, :.t R.SO p~r day, including 
planting and harvesting. Addition,'1l operating labor in year 
1 will cost RS. 

- The cost of seed is R.Ol per ~quare 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 grOl-r:l will therefore be R7SO in Year 1 
(one greenhouse crop) and R4S00 in Years 2-10 (two greenhouse crops), 
Note the crop Field 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 gla~ing every other 
year (at cost of R30), plus whitewashing each year (at a cost of 
RIO). In addition, allowance is made for RlOO per year 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 years. 
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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 Rends) 

Benefits 

Additional tomato production (market 
value) 

Additional carrot production (market 
value) 

- Costs 

Construction Labor 
Greenhouse Materials 
Addi tional Seed 
Additional Operating Labor 
Maintenance 
Technician's Se~ices 
Transport Costs 

• Net Benefit to Investors 

X Discount Factor (30%) 

~ Present Value to Investors 

YEAR 

1 2 

300 1800 

450 2700 

50 
2000 

40 
5 35 

100 110 
20 5 
30 200 

-1455 4110 

.769 .592 -
-1119 2433 

3-10 

1800 

2700 

40 
35 

120 
5 

200 

4100 

1.730 

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 30% discount rate. Although not 
all benefits will be in form of direct payments for vegetables, returns are 
sufficiently great that act~al 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 



43 

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 al=eady 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 RlOO 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. 

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

A 6' 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 s~edlings (worth R.Ol 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 RIO 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.l4 (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 Gove~ent'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. 

http:R38.45-56.14
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(a) Dung-Burning Stove. We assume the following of our 

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

- If operated properlYi 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 'lery wOl·thwhile investment. For R3 in 
cash and three days of work, the investor ach:.eves a continuing reduction cf 
two-thirds in the amount of labor involved in collecting, hauling, and dryillg 
dung for cooking, as well as a dramat:ically cleaner and healthier living en\'ir~ 
onment. Interviews sugges: 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. 

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

- 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 oe paid the renewable energy technician 
for advice and assistanc~. 

- In winter, the insulation could cut use or heating fuels 
by 75%. 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 cocfort 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 
~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 ext~nt 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 rel~able 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 review 
will be provided by short-term consultants throughout the project's lifetime. 
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IV. Financial Plan 

A. SUlIIDary 

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 mount of financial 
resources. 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 R5l.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 inc~eases in crude oil 
effected by OPEC. These circumstances make it virtually 
impossihle for the GOL to finance 25 percent of total project 
costs. A waiver of FAA Secti~n 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 considerable 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 oil 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 Developcent 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 
starf 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. 

B. AID Input 

1. Technical Assistance - S554,OOO 

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, Lab~ratory 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. 
Consu1tancies in training (10 m/ml 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 - S101,OOO 

Local training expenses ($59,000), Peace Corps Volunteer 
traln1ug (S2,000) and training equipment ($40,000) will be funded 
through the technical services contract. 

4. Construction - $64,000 

It is anticipated that the design fo~ 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. Inflation· - $127,000, Contingency - $106,000 

Reasonable amounts have been budgeted for inflation 
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 

A. Technical Assistance 

1. Program Coordinator (PHYSICAL SCIENTIST) - 3 

2. Field Supervisor (SOCIAL SCIENTIST) - 3 yrs 

3. Laboratory Supervisor - 3 yrs 

4. Administrative Assistant - 3 yrs 

5. Stock and Supply Manager - 3 yrs 

6. Short Term Consultants (20 person months) 

7. External Evaluation 

Sub-Total 

B. COIIIDodities 

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 

C. Training Costs 

1. Local Training Expenses 

2. Peace Corps Training 

3. Tool Kits and Training Equipment 

Sub Total 

TABLE I 

yrs 

COST 

250 

75 

75 

15 

15 

120 

4 

554 

50 

40 

46 

125 

155 

140 

27 

583 

5q 

2 

40 

101 
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D. Construction 

1:' .... 

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

Coordinator's house. 

Support Costs 

1. Vehicle Operation and Maintenance 

F •. Inflation 

G. Contingencies 

TOTAL AID INPUTS 

GOt INPUTS 

A. Support Costs 

1. GOt Staff (Eight Po~itions) 

2. Office Space/Laboratory Space 

3. Warehouse Space/Land for 

Program Coordinator's house, 

site preparation and utilities hock-up 

TOTAL GOL INPUTS 

arHER INPUTS 

A. Technical Assistance 

1. Four Peace Corps volunteers, each for 3 years. 

TOTAL OTHER INPUTS 

TOTAL PROJECT INPL~S 

64 

65 

127 

106 

$1,600 

66 

3 

8 

$77 -
168 

$168 

S 1,845 



TARLE L 

Sl~RY COST ESTIMATE AND FINANCIAL 

PLAN 

(US $ 000) 

AID GOL OTHER!I TOTAL 

PROJECT INPUTS FX LC FX LC FX LC FX LC 

TECHNICAl. ASSISTANCE 550 4 84 8/. 6"1/, ..i , 88 

COHMODITIES 189 394 189 394 

TRAINING 101 101 
M 

'" CONSTRUCTION 15 49 15 4Q 

SUPPORT COSTS 65 77 142 

INFLATION 70 57 70 57 

CONTINGENCY 58 48 58 48 
SUB-TOTALS 

882 718 77 8' .. 84 966 879 
TOTAl.S 1,600 77 168 1,845 
PERCENTAGE 87% 1 .. % 9Y. 100% 

il Four volunteers provided hy Peace Corps 



N TABLE 3 lI"\ 

COSTING OF INPUTS/OUTPUTS 
(US $ 000) 

PROJECT INPUTS No 1 No.2 No 3 No 4 No 5 No 6 TOTAL -_. 
AID 
TECHNICAL ASSISTANCE 127 123 122 122 136 17 6it7 
COMMODITIES 112 133 299 97 43 684 
lRAINING 118 118 
CONSTRUCTION 75 J'j 

SUPPORT COSTS 15 16 15 15 15 76 
SUB-TOTAL 372 272 436 234 194 92 ] ,600 

GOL 
SUPPORT COSTS 17 19 17 18 1 5 77 

orllER (PEACE CORPS) 
TECHNICAL ASSISTANCE 84 84 168 

TOTAL PROJECT 389 375 537 252 195 97 1,8/.5 

NOTE: OUTPUTS 

No. 1 RET staff trained and in place 
No. 2 Village RET implementation process established 
No. 3 Village RET's introduced/evaluated 
No. 4 Research RETS established/evaluated 
No. 5 Research and development laboratory operational 
No. 6 Energy efficient house constructed 
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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. COlmlodities 

1- Vehicle Purchase 50 
2. Media Equipment/Supplies 20 
3. Curriculum Materials 23 
4. Laboratory/Scientific Equipment 100 
5. Research/Development Equipment 
6. Energy Devices Construction Materials 
7. Shop Equipment 20 

FISCAL YEARS 

81 

80 
25 
25 

5 
5 

30 
1 

5 
]2 
2.5 
75 
45 

7 

TABLE 4 

82 83 TOTAL 

80 40 250 
25 13 75 
25 13 75 

5 3 15 
5 3 15 

10 20 120 
1 1 4 

50 
5 10 40 

11 46 
125 

80 155 
45 50 140 

27 



TABLE 4 (Cont) 

AID INPUTS 80 81 82 83 TOTAL 

C. Training Costs 

l. Local Training Expenses lO 20 20 9 59 
2. Peace Corps Training 2 2 
3. Tool Kit/Training Equipment 15 lO 10 5 40 

D. Construction 

1. Program Coordinator's House 50 14 64 

E. Support Costs 10 22 22 11 65 

F. Inflation 56 47 24 127 

.;t G. Contingenciee 34 30 27 15 106 

'" 
TOTAL AID INPUTS 473 492 418 217 1,600 

GOL INPUTS 

A. Support Costs 
1. G01.. Staff 11 22 22 11 66 
2. Office/Lab Space 1 1 1 3 
3. Warehouse Space/Land 5 1 1 1 8 

TOTAL GOL INPUTS 16 24 24 13 77 

Other (Peace Cores) Ineuts 

A. Technical Assistance 
1. Four rcvs 28 56 56 2R J6R 

TOTAL PROJECT INPUTS 517 572 498 258 1,845 
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V. Implementation Ar~ansements 

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 
sched~le of project events will be presented, as will a discussion of 
procurement of project inputs. 

~plementation Igsues 

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 one for this position. There are 
known, qualified and interested code 935 personnel in the area and, if 
necessary, a waiver will be i.sued 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 
~ho 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 Effic1ent House. The design team technician 
and the mission engineer calculate that a house reducing heating costs 
by 75% can be constructp.d with locally available materials for about 
one thousand dollars more than the standard Pitso IV model. The house 
will contain only two bedrooms and 1800 square feet as opposed to three 
bedrooms and ~300 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 con.tructed 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 turned over to the GOL upon project completion unless 
AID finances a follow ~n project. The energy efficip.nt demonstration 
house will be used by AID technicians as long as required. When no 
longer required for such use, it will be turn~d 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 SCHEOULE 

(See RET Program Implementation Chronology) 

Activity 

Sign RET Project Agreement 

AIO/W Release R.F.P. 

Support Services Contract Award; Project Begins 

Contract Start-Up - Staffing 

Project Staff Orientation US/Lesotho 

Program Coordinator's Passive Solar House 
Construction (4 months completion time) 

Process Evaluation Group Meeting 
(b~gin - held every two weeks) 

Begin monthly Program Advisory Meeting 
Begin monthly Technical Reports to Staff 
~ and BEOCO Newsletter 

GOL Appropriate Technology Unit Hired 

Program Organization and Procurement 

Staff Training (Language) 

Staff Training (Evaluation Process) 

Staff Training (Technol~gy) 

Village Meetings, Presentations and Survey 
Begin 

Village Energy Technicians (VET) 
Trainees Selected 

Train first group of VET Trainees at RET 
Rural District No. 1 (Mokhotlong Farmers 
Training Center) 

Set up RET Research Laboratory in Maseru 

Begin Construction of Village Demonstration 
Units (continue throughout program) 

Annual Report 

MiD A! Unit Assumes Responsibility for 
Training and Survey Activities 1/ 

Responsibility 

GOL/USAID 

AIO/W 

AIO/W 

AID/W - Contracto~ 

Contr3ctor 

Contractor/GOL 
USAIO 

Contractor/Field 
Supervisor 

Contractor/ 
Program Manager 

GOL/MRD 

Contractor/USAID 

Contractor/Consultant 

Contractor/Consultant 

Contractor/Consultant 

Contractor/Field 
Supervisor 

Contractor/Field 
Supervisor 

Contractor 

Contractor/MaD/GOL 

Contractor 

Contractor 

MRD A:! Unit 



Time line 
Months 

0+20 

0+21 

D+22 

0+22 

D+24 

0+26 

0+26 

0+28 

D+30 

D-32 

0+36 

D+36 

0+38 

D+40 

D+40 
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Activity 

Begin R&D Unit Pilot Project 
Install Methane Digester Plan~ at Masianokeng 
Feedlot 

Fotmal Program Evaluation Conference 

First VET Group Begins Village Construction 
of Household and Community RET Units 

Train 2nd VET Trainees Group (60 Trainees) 
at RET Rural Distrct No. 2 (Qachas Nek) 

Evaluation of MRD AT Unit Training and 
Administrative Capabilities 1/ 

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

Second VET Group Begins Village Construction 
of Household and Community RET Units 

Annual' Report 

Evaluation of MRD AT Unit Training and 
Design Capabilities 1/ 

Train Third VET Trainees Group (60 Trainees) 
at Rural District No.3 (Mohale's Hoek Farmers 
Training Center) 

Evaluate MRD AT Unit Training Capabili ties 
and Survey Effectiveness 

Third VET Group Begins Village Construction 
of Household and Community RET Units 

Formal Program Evaluation Conference 

Final RET Program Report 

End RET Program 

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

Responsibili ty 

Contractor 

Contractor 

VETs/Contractor 

Contractor/AT Unit 

Contractor 

Contractor 

VETs/Contractor 

Contractor 

Contractor 

MRD AT Unit 

Contractor 

VETs/MRD AT Unit 

MRD 

Contractor 

MRD/USAID 
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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 b~cause 
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, ~ORD 
staff, V£T corps and the village using RET units. This procedure will 
provide th~ 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 sho\m in Chart No. S, entitled "Village Level Implementation Process" 
and Chart No.8, entitled IlRET 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 discu~s developm~nt 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 uncler 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 20% of the ~~ogram 
p.ffort 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 whetber 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 ha~ been identified and obtained for the 
ProgralD 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 prc
ject. 

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

3. Space will be made available as ~equired by the project at the farmer 
training centers in MOkhotlong, Qacha's Nek, and MChale'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 DeveloPJ!l_~nt, ~.!t~~r~~rt:f:;lgst!lf;, ._~~._~p~opr_iat~ staff from related 
ministries. The draft PP W&S. reviewed at ~ final meeting of all related min-isti'ies, 
including Finance, 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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RET PROGRAM TRAINEE 

POPULATIQN 
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CHART 12 

SELECTION AREAS 
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RET Reselrch Statfon 
and Lowlands Pilot 
Regfon 14 

RET Lowland Pflot 
Regfon 13 

A - 3 

CHART ,3 

RET PROORAM DEMONSTRATION IMPACT AREAS 
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RET PROGRIM TRAINING CENTER LOCATIONS 

AGRICULTURE 

AND RURAL 

DEVELOPMENT 

SCHEMES 

phuthlo .Gna 
IniSiotio1 & IIv.lt~clc 

.habCl-l:ollu 
RET Training Base and Researcl, rural development 
and Developnent Laboratory J 
locdted dt HRO facility 
in Maseru ~ ed potato 

I prole" 
'ioleholo maliiong/morifa 
ilh farm development 

RET Regional Training Center '3 
located at Quthing Fanllers 
Trdilling Center 

Icheme 

thoba- tlolea 
mountain area 

devoloptnont 

RET Regional Training Center ,1 
located at Hokhotlong Fal'llers 
Traini Center 

RET Regional Training Center '2 
located at Quacha's Nek Fan.ers 
Training Center 

Icolo Q.. __ Jli!g=-_o=:::o~S? Ie ... 
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VILLAGE-LEVEL RET IMPLEMENTATION PROCESS 

A - 5 CHART '5 

Sup 1 flllinistry of Regional Community - RET Program 
i ~rll OIveloJJllenl Development Officer Field Supervisor 

1[\ 11\ . 
Step 2 Introduce Concept atl 

Village Meeting 

Step 3 Village Decision 
VETs Selected 
Needs Identified 

J. 
Step 4 ... -I VET Training I .... 

.r' 

I' "' ITechnology Selected 
J, 

Step 5 VETs Build Village 
RET Demonstrations 

StlP 6 Villagers Show Interestl 

Step 7 Village Meeting About' 
RET Projects 

Step 8 Training of Villagersl --:n 
Step 9 , .1 Bui 1 d COIIIII.Ina 1 I Build Household~ 

" 1 RETs RETs r 

~/ 
Step 10 'Evaluation /Feedback 

~ 
Village Needs Survey 

-'" 

Feeaback Process Documentation Group 
,. 

R. & D Laboratory 

J,. ,II ,. 



TIMELINE 
MONTHS 

D 
0+2 
0+6 

0+8 
0+10 

0+10 

0+10 

0+10 

0+10 
0+10 
0+12 

0+13 

0+13 

0+13 

0+13 

0+14 

0+14 

0+17 

0+18 

D+18 

0+2~ 

0"'21 
0+22 

0+22 

* 

A - 6 
CHART f 6 

C. RET PROG RAM IMPLEMENTATION SCHEOU~E 

(See RET Program Implementatfon Chronology) 

ACTIV ITY 

Sfgn RET Prnject Agreement 
AID/W Releases R.F.P. 
Support Services Contract Award 
Project Begins 
Contract Start-Up - Staff1ng 
PrOject Staff Or1entatfon 
US/Lesotho 
P.M. Passive Solar House Con~truct1on 
(4 months completion time) 
Process Evaluatfon Group Meetfng 
(begin - held .very two weeks) 

Begin monthly Program Advisory Meetfng 
aegfn monthly Technical Reports to staff 
MRO and BEOCO Newsletter 
GOl Appropriate Technology Unft hired 
Program organfzatfon and procurement 
Staff Trafn1ng (language) 

Staff Training (Evaluation Process) 

Staff Trafnfng (Technology) 

Vfllage meetfngs. presentations and 
survey begfns 
Vfllage Energy Technicfans (V~T) 
trafnees selected 
Trafn 1st group of VET trainees at 
RET rural d1strfct 11 (Mokhotlong 
Farmers Tra1nfng Center) 
Set up RET Research laboratory fn 
Maseru 
Begin constructfon of vfllage demon
stratfon unIts (contfnue throughout 
program) 
AnnulI Report 

MRD AT Unit assumes responsibility 
for training and survey activities. 

Begin Rl0 unft pilot project 
Install methane digester plant at 
Mas1anokeng Feedlot 
Formal ptogfram evaluatfon conference 
Ffrst VET group begfns village constr~c
t10n of househQld and community RET units 
Trafn 2nd VET trainees group (50 trainees) 
at ~ET rural District 42 (Oachas Nek) 

RESPONSIBILITY, 

GOl/USAro 
USAIO/W 
USAIO/W 

USAIO/W - Contractor 
Contractor 

Contractor/GOl 
USAIO 
Contractor/Ffeld 
Supervisor 

Contractor/ 
Program Manager 

GOl/MRO 
Contractor/USAID 
Contractor/ 
Consu I tint 
Contractor/ 
Consultant 
Contractor/ 
Consultant 
Contractor/Field 
Supervfsor 
Contractor/Ffeld 
Supervfsor 
Contractor 

Contrlctor/MRO/GOL 

Contractor 

Contractor 

~ AT Unit 

Con!ractor 

Contrlctor 
VETs/Cont:-3ctor 

Contractor/AiUnft 



TIMEL INE 
MONTHS 

0+24 

0+26 

0+26 

0+28 
0+30 

0+32 

0+36 

0+36 

0+38 
0+40 
0+40 

ACTIVITY RESPONSIBILITY 

-Evlluation of MRO AT Unit training Contractor 
and administrative capabilities 
Second R&D Pilot Project - fnstall mini Contractor 
3 to 5 kw hydroelectric system to replace 
dies.l elect~ic gen.r!tor located at clinic 
in the Ha Lejon.-Rampais areas 
Second VET group begins village construction VETsl Contractor 
of household and community RET units 

Annual Report Contractor 
-Evaluation of MRD AT Unit trafning Contractor 

and design capabilities 
Train 3rd VET traine.s group (60 trainees) MRD AT Unit 
at rurtl district '3 (Mohale's Hoek 
Farmers Trafning C.nter) 
Evaluate MRO AT Unft trafning capabilities Contractor 
and survey .ffectiveness 
Third VET group begins village construction '1ETs/MRD AT Unit 
of household ~nd community RET units 
For.al prog~a~ .valuation conference MRO 
Ffnal RET Program R.port Contractor 
End RET Progral,ll MRD/USAIO 

* important milestones in RET Program 
e.g. transfer of responsibilitf.s 
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Rlr PROGRAM IMPlMENTATION CHRONOLOGY 

ACTIVITY FIRST PROGRNt YEAR ___ _ _ _ ~ECOND PROGR!~'LY~~ ____ 

Sign project agrea.ent 
Request for Proposal (60 days) 
Prl.e contract award (90 days) 
Contractor start-up pertod 1----1 
Staf' orientation/planning 1----1 
Progr .. organlzatlon/procure.ent 1----1 
Stiff Training 
language 1----1 
Evaluation Process 1----1 
Technology 1----1 
Village Presentations/survey 1----1 .-nnt t IIUOUS-

VET selection 1------1 ,.nnt4n .. n s---

Tra In AT Untt 1----1 
Train VET 1st group 1----1 I 
Set up RET laboratory 1----1 
Village de.onstratlon units 1-- -I 

R&D acttvtt les Alo:iiis~ liilnl:fiyar 
Sola.' house construction 
Train VET 2nd group 1----1 I 
Build household and coa.unlty units I X _con 

AT Unit assu.es training responsibility 1 
Train VET 3rd group 
Evaluation 
AT Unit capability continuous 1------------1----------1 
Process evaluation group I 
Advisory conalttee I 1 I I I I I I I 1 I I I I I I III 
Monthly Technical Report (BEDCO news~etter) 1111111 I I I I I I : 1 I 1 ~ I 

Annual Report 1---------------------1 
Final Report 

CIIART , 7 

_ T!URD .-"-R.!JGRNt YEAR 

-I 

inllollS 1----

1----1 I 
i 

1-----------1----------11 

I X 1 I I I I I 1 I I I 

I I I 1 I I I I I 1 I I I 
1---------------------1 

I i 

I 



A - a CHART f8 

PROPOSE!! P.!~!EWAEU: ~~~CY T::CP.Nt:'!..CC"{ PRor;p..AM ORCANIZATION 

M1n1st.r ot Rural :evelop~ent 

Permanent Secretary 

Rural. !::;:"elopment Co-or!1!nator 

Planning Unit 

RET Planninc 
Cesk O!ticer 
Member ot 
Planning Unit 

Flenewahle Enel'lO' RET Act'ivft1e! t--
1; Coordinator Tecr~ology Projct 

?rOI!aTUI Coord i n4 tor Ksolar E~gineer) 
RET Program Advisory 

Committee I 

Administration I & Ac:countinc 1\ 

Admin. AasisUnt I 
supplies Manager " I Process Evaluation Group 
program SV_luat1on Program Feedback 

I 
Unit e ~ .. ,-
Field Supervisor Program upgrading I I 

J, I 

" I 

I~ V111'~ .... er program Training '/illage Energy 
unit .., Tec:hnicians supply Section 
Conaul tants and Responsible to Village Organintions.J 
program Manager 41\ 

, A':lpropriate 
Tec:hnology ~ 

~II Section 

Village ~emonstration 
Rese .. rch an!1 program H So11 COl'lurv. 
Development Section 

---- Lacoratory ~ ... 
Lacoratory I' I ::ducation Co_unal supervisor 

~ Card ens Con.struction Section 
Repair 

Operational Training 



FElT N[ED 

Cooking 

Food Supply 

Space lIeathllJ 

Food Production 

Food Production 

ABSTRACT NEED S 

Food preservation 

Space t~eattng 

COIIlnunlt:at Ions 

Irrigation 

Water lIealing 
(Ins t Huttona 1 
Structures) 

REGIONAL NfEDS 
IMPACTING RURAl rOOR 

Utility (Electricity) 
Energy Rell1acement 

HATCHING BASIC HEEDS AND RENEWABLE ENERGY TECHNOlOGIES 
(H.sed on prell.lnary P.P. survey) 

PRIORITY TECI~OGIES BENEFICIARY 

Wood and Dung Burning Mud Stoves "-en 

Grain Grlndln9 and Grain Storage Wo.en 

Thatch Insulation and Weatherization FMlly 

Grow "ole Greenhouses Wo.en/F .. lly 

Ca..unlly Passive Solar Greenhouse Village 

I 

CANDIDATE TECHNOlOGIES BENEFICIARY 

Solar Food Dehydrators F .. tly 

Passive Solar Mass Wall FAIltly 
Attached Passive Solar Greenhouse 

Solar Cell Trickel Battery Chargers Village 

Sol.r Cell Water Pumping Village 

Pass Ive Bateh/Ther.osYllhon Water lIeaters WOIIIen 

RESEARCII ANP DEY ELOP'IENTTECtIKIlOGIES BENEFICIARY 

-
Feedlot Anerobic Digesl~on Syste. Regional/National 
Hlnl IIydrodynillllk El~trlctty Syste. Village/National 

CHART , 9 

EFFECT 

Saves Honer and Fuel 

Saves Money and TlIM! 

Conserves Fuel/War.er Houses 

~plo)'llent and Cash Generation 

Increase Food Supply 
Better Nutrition 

EFFECT 

I.proves Diet 

Reduced Respiratory Disease 
Saves Fuel 

I.proved Education 
l.proved Clinic Pertor.a",e 

I.proved Crop Yield 

Saves flJe 1 and Ho •• <!y 
IlIII'roves V 11 1 age tied Ilh 

EFFECT 

Replaces Diesel/Improved Cattle Sa les 
keplaces Diesel Fuel 



lEsonlO MINISTRY Of RURAl DEV£lO(IM£NT 

ORGANllATll»tAl CI!ART 

CItART ,10 
Deputy Penmanent Secret.ry 

of Rural DeveloPMent 

Rural Development Coordinator 

... 
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IJn' wr BlU/IJI SIM trru cnt'ltJIM'ICfl aJA.M'TICfl lD41'F.RAllllU! 

I JJS/I)\ Y /FNofII.Y I'F.R IIAY/FNULY eF 

Cow nang 3837 (0.0) 7.40 1.71bs 600 no fIlIJIIC 
(652l trru) 

hi 
(Nattie) 8(,00 (0.0) 8.22 1.851bs 1300 n~ 

(15910 ml) 
Rrushwood 7800 (0.0) 1500 fast call1lUSt ion 

Aloe 7400 (0.0) fast CmhlStlon 

Kerosene 
(raruffin ) 191165 20.40+ .201ts .100bs 2000 expensive 

(1947 JrJU) 
Gosol ine 
(petrol) 18571 

Diesel 19200 

Solnr 
916/ft~(hz) (ainter) 1.15 70,OOOBnJ 90 space hoot Ilig 

1712/rt (vt) 1000s. 125,OOOBlU 150 

Soft cool 11154 1600 

Ol3rcoal 12505 1500 

red. .. 1 PotIer 
(gratn I(md) 500/hr· 4.5 .t,IOOBlU 70 1(r11 In I(rlntll ng 

IOyrs. 
Solar Cell 50Bl'! 

1ft /hr 

I!tmool 11000 
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Applndix ! 

!gUIPHENT ANtI ~TE1tIALS LIST 

I. !quipmlDc Li.t. (SII 5umaary Co.t !.tu.ace, and Financial Plan) 

A. Mldia Equipmlnt and Documencation Supplies - Item B.l. 

B. Curriculua Material. - Item a.2. 

C. Laboratory and Scientific Equi~ent • Item B.3. 

D. Rlliona1 Trainina Work.hop Equipment· Item B.4. 

E. Train.e. Tool Kit. - Item B.5. 

II. Demon.tration EnlrlY Savini Cevic •• Con.truction Matarial, 



B-1 
Equi:IMnt Lilt 

A. Nldi& EquipalQt and Oocu.ancation Supplil' 

1. 10 lmall 3~ c ... ra. @ 50 
~. 35_ fila 
l. Procl •• inl of 3~=m film 
4. 16.8 movil cam.ra 
5. 16.8 fila 
6. Procillini of 16mD film 
7. Prlparacion of craininl fil= or .lidl. 
8. ~)llz 1600 8Qvil projlccor 
9. Preparacion and princiol of rlporc. 

10. Prlparacion and priocinl of documenc. 
11. Prlperacion of pampblec. 

(1.1. - "Hov co Build I Mud SCOVI") 
12. Trln.lacion Ind printiDI of pamphlecs 
13. Prlperacion of Ilidl show! 
14. Derk Roo. JIC-Up 

TOTAL 
I. Cyrriculum Macari,la 

400 .eCI for traininl VET. 
1. Conlcruccion blulprint •• Dd dravinll 

a. Mud _ocll .tOVI. 
b. Dunl burninl Itove. 
c. Co.DUnicy Grelnbou'l 
d. Solar Irowhou.1 
I. Ocblr de.im' a. tblY are idencifild 

2. Handbooka 
3. Texcbook. 

TOTAl. 

C. Laborecorv and Scilncific !quip!!nc 

Article ~ 

1) ITT Pr0lra.abll C.lcul&tor 1 
2) Honlywell 24 Chlnnel Strip 

Cherc Recorder 4 
3) Flukl Rocvin Animo.ecer 3 
4) ~pply Solar Pyronomlcer 4 
5) Epply Pyrohlli~lcer 1 .. 
6) Sollr Trlckinl Sysce. 2 
7) DANA Intleratinl DVM 3 
8) Thermocoupll Win CUK 
9) Turbinl Flow Mecer. 8 

10) VTVM 4 
11) Max Min thermomecers 400 
12) Dib Tubl The~ters 400 
13) Capillary Tubl Thlrmomlcers 400 
14) thermal probas Baccery operlced (5 units) 
IS) Ellccronic Maintenance Kics (3 :tiCI) 
16) Tocal IVRAD~~ Radiomecer 3 
17) aaceery Dilital Dat& Lollr. 6 
18) Soil Analyzer Baccery Oplratad 2 
19) Soil T .. c litl SO 
20) IBM eo.pucer T7Plvriter on Line 
U) Laboracory Supplies Glallvarl 
22) Dlbydracion, Delcican: Ovln 
::3) 8.allancl 

Milcillanioul ~quip .. nc 
TOT.\L 

$1000 
2000 
2eOO 
1000 
1000 
2000 
4000 
1600 
9400 
3000 
3000 

5000 
lOQQ 
3000 

110,000 

$4,000 
4,000 
4,000 
4,000 
S,OOO 

14,000 
12,000 

546.000 

Tocal 
£2.!.L. 
1,600 

12,000 
600 

',200 
3,200 
l,~OO 
3,600 
3,100 
8,300 
1,200 
6,200 
',600 
4,600 
2,700 
1,800 
4,~00 

21,250 
6,000 
2,500 

1;:,000 
16,000 
1,100 

4SC 
600 

5125,000 
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D. lET a"ional Workahop !gui2!.at - Mokhotloa, Cenc.r 1 

I" veldial .et 
tabla or floor .taad drill, multiple 

.peed 
hydraulic pr ... 
hand four spe.d h .... r drill ".1. Bosch 

Combi) 
let of sock.t wr.ach.s 8m. - 32 .. 
let of fl.t/rial wr.ach •• 6aa - 32m. 
aelju.tabh wr.aches 6", 8" 10" 
pipe wreach.. 2 IE 14", 2 IE 20" 
pipe wreachl plier-cotlbinatioa 20" 
beach rriad.r 200.. ~ 
set of tapa and die. 
•• t o~ tap. and die. 
vall tool cabia.t 
beach vic .. 
battery char.er 
mobil. weldin, plaat 
pipe vic. 

100- & 150_ 
6/12 Volt 3 Amps 

with 220 Volt outlet 

pipe di .. ~", •.• 2", dependial oa :uke 
pipe cutter 
•• t of file. for .tee~ 
wood raap 
vat.r ~ pliers 
multi purpo.e pli.r. 2 .ize. 
.iele cutter 
hack .av •• pare blad •• 
leaeral purpo ••• av & spar. blade 
... 11 hack .av & spar. blade. 
taak aael va.her cutter 
d~ill •• t 1m. - 13m. ~ O,'~ 
wood chi •• l. 10.., 2Omm, 30mm 
cold chi •• l. lama, 20~ 
brick bol.ter. 75mm, 100mm 
s.t of drive puncn.s 
s.t of aarkial puach •• 
verni.r caliper 200.. 
tape :ua.ur.. 2m, 3_, 1'_ 
ste.l rul.r 300mm 
sprinl type divider l'Om. 
try .quar. 300mm 
... 11 st •• l 'quare 30am. IE 500mm 
slip joiat pli.rs 
feaei:!1 pliers 
10nl chain no •• pli.rs 
round nos. pliers 

quantity 
1 

1 
l. 

1 
1 

:3 
4 
1 
1 
1 
1 
1 
2 
1 
1 
1 

2-4 IIta 
1 
6 
1 
2 
2 
1 
1 
1 
1 
1 •• t 
1 
:3 
2 
2 
1 
1 
1 
:3 
1 
1 
1 
1 
1 
2 
1 
1 

coat 
1700.00 

600.00 
500.00 

120.00 
50.00 
50.00 
20.00 
40.00 
LS.OO 

150.00 
80.00 
2'.00 

LSO.OO 
LSO.OO 
20.00 

900.00 
50.00 

250.00 
50.00 
50.00 
10.00 
15.00 
15.00 
10.00 
18.00 
10.00 
5.00 

:!O.OO 
40.00 
20.00 
10.00 
20.00 
10.CO 
20.00 
30.00 
50.00 
5.00 

10.00 
10.00 
20.00 
5.00 

30.00 
5.00 
5.00 
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quanticy 

heavy ducy dialoual cuccer 1 
feDei'l1 coo 1 1 
vnckiDI bu 1 
.ec of fl.c .crew driver. 1 
.. c of philipi .cnv driver. 1 
.piral r.ccbec .crev driver 1 
.eC of .dai.cure (wacch ~k.r'l) Icrew 

driver I 1 
vic. ~ip. 2 cype. 4 
carpeaClr clamp. 2 :c 12", 2 :c 36" 4 
C-clap 2x3",2:c8" 4 
pop rivec.r & colleccion of vario~ •• ize 

ri.,eu 1 
rivecial ha.mer 2'0 i 1 
.nlineer'. hammer 230 , 1 
cbv h_r 3'0 I 1 
4-pouDd huaer 1 
Il.dl' haaDer 10 pound 1 
rubber IIIIlle;. 1 
aylon IIIIllec bounce free 1 
~ool boxel 1 larle, 1 'l1li11 ~ 
cool cabinec 1 floor cype 1 
.nlle &Tinder, he.vy ducy (AlC, Bo.ch) 1 
ariDdinl .ad cucci~1 di.c. for above 

(.ceel, .coue) 10 
~ll air compre •• or vicb pre •• ure cank 

ecc. 1 
oil fill.d weldinl :ran.former 60 • 2'0 
•• 1 

weldinl .bield 2 
,e. weldiDI 10'11.. 2 
,ricdinl •• fecy aOllle. 2 
weldinl aad br.zial :Odl, .leccric .nd i" 
~ll lache 1 
acce .. ori .. 
rav macerial. co lache (,ceel rod., broaze, 

ecc.) 
.mall Z-.peed h.nd .leccric drill 1 
leC of radio Ch.,.il punche. 1 
=ocor back .av 1 
rav macerial. (aalle iron, pipinl, Ihee:inl, 

ICC.) 
leC of bolc. and auCI 
aaill, ecc. 
circular cable .aw 1 
_mall planer, 1 HP eleccric drive 1 

co.c 

IllO.OO 
l'.OO 
20.00 
lO.OO 
lO.OO 
10.00 

lO.OO 
40.00 
80.00 
30.00 

'0.00 
'.00 
'.00 

l'.OO 
lO.OO 
20.00 
'.00 

lO.OO 
40.00 

l'O.OO 
1'0.00 

'0.00 

3'0.00 

180.00 
30.00 
20.00 
lO.OO 

lOO.OO 
l,OOO.OO 

200.00 

100.00 
'O.CO 

lOO.OO 
4'0.00 

1,000.00 
B.OO 
'0.00 

300.00 
3'0.00 

http:1,000.00
http:1,000.00
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~,ioa.l Work.hop E9uip!lnt - contiauad 

quantity 

~rk bancba. haayY duty with dr.war. 82 
claaaial matari.l. 
paint bru.b.. 10, 20, 50. 75_ 4 
paint rollan 50, 100, 200- l 
.xtta.ion c.bla 5OD, oa raal 1 
~ll alactric.l .ppliance. (multiplul" 

ate.) 1 
.pirit laval. 2 liza. 2 
11 ••• cutter. 2 
odd. and and. 
Sltari.l. for coa.truc:ioa, locker./ 

bancba. 
2 .at •• MI.aru R/D l.bor.L'r? and ~khotlonl 

Traillill, Canter 

TOTAL Co.t in C.S; Doll.r. 

1.500.00 
50.00 
lS.OO 
25.00 
50.00 

45.00 
30.00 
10.00 

460.00 

1,200.00 

927,000 

http:1,:00.00
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r:. S.t of tools for Ilenewable Enern Technician (89 seu) 

quantity 

tool box 1 
containinl: 

adju.table wr.nche. 6", 10" 2 
.et of file. (half round, round, 

triancular) 3 
vooci rasp 1 
vatlr ~ump pliers 1 
multi purpo.e plilr 1 
hlavy duty sidl cuttlr 1 
hack IIV + spar.· bladls 1 
Ilnlral purpo.. lav 1 
hand crank drill 1 
drill bit lie, 12·pilcl. l,!i • 12_ 1 
vood chisel 20_ 1 
cold -bisel 20- 1 
bric:k bolster 75_ 1 
'It of drivi punchlr 1 
tapl lIIIa.ure 5111 1 
.ull .quarl ;:00- x 300aD 1 
10nl chain no •• plilr. 1 
Sit of flat IcrlW driverl 1 
vici rrip 1 
G"cll111p' 3", 6" 2 
claw h_r 350 , 1 
4·pound h_er 1 
"faty iOlllu 1 
radio cha •• i. punchls 22m111, 3:_ :! 
... 11 pop rivet •• 
bolt., .crIV., nails, ::-i·lIt. , etc. 
tri_inl ltnifl 
paint bru.h .. lOaD, 50111m :: 
caulkinl IUn + .iliconl pa.te 1 
... 11 .pirit level 1 
ila .. cutter 1 
pad lock 1 
cente:- puncD 1 
tin Inippers 1 

tOTAL TOOL SE'l' 

cost 

R 25.00 

15.00 

20.00 
10.00 
15.0C 
8.00 

10.00 
10.00 
10.00 
20.00 
15.00 
5.00 
5.00 

10.00 
10.00 
10.00 
10.00 
5.00 

10.00 
10.00 
10.00 
10.00 
10.00 
5.00 

15.00 
15.00 
10.00 
5.00 
5.00 
5.00 

10.00 
5.00 
5.00 
2.00 

10.00 
K365.00 

89 Sits in ~.S. Dollars 540 .000.00 

http:S40,000.00
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II. Demonltration Energy Savini Devi~el Conltru~tion ~teriall 

1) 
2) 
3) 
4) 
5) 
5) 
7) 
8) 
9) 

10) 
11) 
12) 
13) 
14) 

Fibergla .. R8/~ (Fllon 5g Gree-.r0JSe ~e) 
Fiberllal. Fraainl and Hardware 
Cor~lated Sheet Metal 
Timber 
Paint 
~ail S~reeal, et~. 
C~ .. nt S60/cu. yd. - 520 C~. yd •. 
Metd pipe 
PVC Pipe 
AQlle Iron Bolt', et~. 
Sce.l Tank., 50 III - 200 gil. 
ai~y~le Part. (Pedal Power) 
Screen ~in (Hail Guard) 
Milcillaneoul 

25,000 
12,000 
8,000 

22,000 
2,000 
3,800 

16 ,000 
13,000 
12,000 
6.,000 
16,000 
3,000 
1,200 

800 
Sl'~ 
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Appendix C 

Lesotho Benew2ble Enercy Tecbnolcgy Project 

(632-0206) 

Pro;;ran or Sector Goal: To meet expand-
ing -energy denand, primarily crncng 
lower ineare groups, in ways that 
minimize national requiremmts for 
and usage of hard to c:btain, high 
CX)St, or non-renewable energy. 

Project PuJ:'t:OSeS: To dissaninate a 
set of rel"'.ewable energy technolcgies 
(REl') throoghout rural pilot areas and 
si"ttUl.taneously to establish the 
insti~uticnal basis for their 
dissaninaticn nationwide-through self 
help, en~.repreneurial, and gaver.nment 
p:cc.gr~r.s-if they prove socially, 
technically and econanically feasible. 

Outt~: 
L 'l'rained fersonnel 
2. Vill~e Renewable Energy Process 
3. Village technicologies intrcduced 
4. Rf~earch & Dev. technologies 
5. Research and Developnent Laboratory 
6. Energy efficient house. 

Inp,Its: 
AID 
1. Technical Assistance 

2. Catrnodities 

3. Local training 

4. OXlstructioo 
5. Support 
OOL 
1. Staff 

OBJECTIVELY VERIFIABLE INDICATORS 

~roved Rural end settlement Urban 
Eccr..any. 

1) Petrnanent Renewable Energy 
organization with: 

a) Ministry of Rural Development 
b) Village Development Committees 
c) Snall Businesses (Rural and 

Urban) • 
2) Improved rural energy supply. 

Maqnitude of Outputs 
140 VETs, 8 M)RD staff, 2500 villager:-~ 
at least 4 different ones. 
at least 2. 
one. 
one. 

Type and quantity: 

3 loog term (physical. scientist, socio
logist, and labcrator/ supervisor) ; 
2 long tenn local hire; 20 person 
mc:nths short term. 

5 vehicles I !redia equipnent and supplies, 
laboratory and scientific equipnent, 
research and de\I-elopnent equipnent, 
energy saving construction material, 
shop equiprer.t. 

trc.",-el, permen, lc:dgir.g, supplies 
equiprent. 

1 energy efficie."lt house 
vehicle operaticns and maintenance $65 I coe 
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rmlCAL WMEbQRK Cent. 

Lesotho Ren~able Er.ergy Technclc:gy Pro j e~ 

(632-0206) 

OOL 
2. Office Laboratory space 
3. warehouse space and land 

OBJECI'IVELY VElUFIABLE INDlCA'TORS 

Eight tecr~cal and administrative 
positions. 



MEANS OF VERIFICAT!OO 

Prcqrarn EvaluatiCl'l: 

Su..."'Vey and evaluation on site 
visits, utilizatioo of c:c.r.trol 
camn.mities and feedback. 

k3 evidenced by: 
1) ~.inist::y , Parastatal and 

Private Org-cniz at ions • 
2) The nunber and quality of 

renewable energy systans 
used. 

3) !he !TlaQIlitude of renewable 
energy utilized. 

Prcgran Evaluation: 

Inspection and Survey 

Inspection: 

C - 3 

lMPORI'ANi' ASSUMPI'ICN 

Assumptior.s fer achieving goal 
inp..:ts: 
That Individuals, traditional 
rural organizations will accept 
the changes associated with this 
tecr.nolcx;y implarentatier. process .. 

Assumptions for achie\~ng purpo~e: 
1) Cooperation of CDL: 

2) That the iIrplenentation ;.md 
introduction process and 
dancnstrations are socially 
acceptable and perform i:.l 
accordance with village 
expectatior.s • 

Assumptions for achieving 
outp,lts: 
Cooperation of C-{)L, Traditional 
government organizations and 
local leadership withir. r10RD. 

Po.ssurnption for proviclir.g J:np,lts ~ 

roL, USAID and Peace Corps !np,lts. 



I!~Cl.ASSI nED 

AeTIe::: Am 
n;F'O I A~:B oc~ ECOU .... OM 

r. e5~(31Z AP~ 79 
Fit! £iCSTAJE VAS:iB~ 
r~ lRL!):j':i'i~I/Ai~:::~:3A~S';' ~"t.£r.:P.U 2853 
n;r'c i\llV IJCI r~ME(,:B ASS v :: A i:R1')8 
8T 
!..':~n.f~S ST/iTr.: Ce-4538 

AIDAC, NidROBI FOR rn:oso 

TAG.SI 

ClaSJjfic(J'~;o-n ----

An »-C°'I J.J 
06A?R79 05:~C. 

~.IBJEcr: 11C::JE\.'ASL£ ENER::;Y TECJH.:oLCGY (632-e2'~6) ... LE~O'J)(O 

I. PID FOR SUBJECT ffiCJi;Cr r.£~ErVE!) !!ID/\/~.I.J27/7~; HE
VI$'EO Jr:t: RECEIVED AIP/'''' 3/~/79. PIO r.Eill~~ CC':-o'DUCTEC 
3113/79. 

2. ? ID IS A?rnOVeD. fH) ~P?10\"AL~ !~ THY S I t!5! Ai~Ct:, 0 OF'S 
tDT HID 1(;AT£ A?f'P.OV.~L ~T :J-ir. :OCt-i.E f'r.O~r:::D BOTI{ nrCAI.!:'~ 
tHE DCLLf,,~ r::~L'T EXCE£DS 0),:· PY t,L~OS'f D('L~ 1 (·:iL'.ION Af;O 
r!CAU~ ntJL!!-uONCR PARTlr.iPAi I~tJ ~lIGr.T DE. e::ISILY 
mCH£STRATED I iJ TH!S ~::A ONC: A!D ;1,:1.5 ?LE"DGE(' A r-iODF.Sr 
COMN 117;':£ NT. 

3:- THE DUAL ?tJRPO~E CF' THE PROJECT I'; t,??~CPP.I ·,rZ;::0":EV:::~. 
7:~E EHPHASIS $HOin.O E~ CJ~l Tr.~ r.:;THEL!~~r:~EtIT O!-- (nF: U:STITU
T!ONAL EASI~ rC~ C1S~E:~1U!ATtC!J OF' Af'::p.op~rA1E' TECi-H::);.Ou·IES 
t"""'r-D r"-,/ll1 ',?C af -~t" Dlccr.'~·'·ATI"'" "'F' A -.:::":'. or- T~·"';.:r'(JtC""It"S .oI11.,t. •• ,,1'" &.,,; ,. , •• _ •• __ ••••• \J f ' \" "'_ r ... \""" U _ .• 

TO i-RE~LlI:JE T:~E ~3S TBI..:..r-:,V OF ! EE PR('J;-(:T Ei':r-Hft~IZt NG- OJ-£!?
U~!~S ro niE E~CL!;S10~1 OJ:'' TJ-:! P::::CESS"~Y INS!'ITUTi(lt~
ntnL!\lt~':1. AID/'.i p.DVrs::S THtlT TF:: fnWn~ C::' TECia:CI",OOIES TO 
g; OI~5;::-:IU";El) T}t~~l~~"; n~E P?CJECT ~H~U1.D BE: Kr~r TO fJ,. 
MIt~!~U:~, t;~?rAI:n .. Y i:O r.OP.! THAr~ 5 OR ~. 

14. NOT HIt? T Ii~T' ~.Y ISS TEe IIC!L ~SSIsr A~ICE IS Ol::£O')Y IN 
P .. At::, .~1D"I'J '.,'Ot1.D SU~G:::st TH~T THE PRr)JECr 2E SO DESIr-NED 
l"HAT THE ti.S. (AID A:!~ ?:A:::: CORPS) 'f~CH~;!CAL A~srrANCE 
WOt!. 0 F·:::GC;'~E PART OF' '" l'f!ll. T 1- ~·:~r IONAL,. 9IJT ONL Y P~RT IALL Y 
Exr:~!RI~.TE, P1FLH~::NT~.TIJ:J T~~,~. . 
5. THE ;OL!..O'MH:G C!.i~~TIC~:S ~:-:O!;t.J SE A:10n£S5£D BY USAID 
~ Th:: PP T :::.\:: ft~ APPRCPn I ATE: 

I . 
\1 

... -
t ... 

.... 
. 
( 

( 

http:tEiLU.Of


2. •• UNCLASSSI FlED STATE 0845.38 
ClaudicatIon 

fJ.. WHATPORTION Or THE: ENE~r;y N~E'nS OF ?'URAL LE'SOTHO CAN 
XE MET rnG:" '.l/OOD? r~ HAT IS THE 51.{ AP E 0 F E NER3Y NEEDS T H A r 
CAN BE /'IIET MORE CHEAPLY THROUGP. ?'=.:T OTHER THAN WOOD? 

B. t.,rHAT A~E R01}3H EST!~ATE~ f)F TSI:.: COSTS OF' THE VARIOUS 
TYPES OF" EOIJ!Pf1E.'JT TO 8E INT?ODl'CE1? APE THESE COSTS 
CO~1?AT!8LE' ',.':TH P:SP. CAPITA DI3POE~.3LE INCOME IN RURAL 
AREA~? 

C. t/:LL TEE HJSTITUT!ON TO 8E 2U!LT 8Y 7FE: PROJECT HA.V:: 
RECURRING COSTS HJ EXCE:SS OF PROBABLE GOL BUDGET AVAIL-
fJPILrTY? CAN·PO~TrON OF" SAvroos p':ALTzm B'( !~ITRCDUCTION 
OF" RET BE CAPTURED TO DEFRAY RECURRENT COSTS? 

D. \'W~ IS r!o TRA!NP!G CO~!!E~PLATED F"OP. RE?Lo,C'=:i(Er!TS' C::-
THE TA TEAM? HO'." ARE ThE NU~'BE? OF TRAINEES MID THE CO~;-
TENT OF THE TRAH1!NG PROGRAMS DE:TERMINED? 

E. ARE THE TECHNOLOGIES RECOMMENDED IN THE PID THE BEST 
IDEAS FOR LESOTHO? IS OXE~1 PO'dER F'J:"L'f EXPLOITED? IS THE 
E1'1PHAS!S ON SOLAR" E~E.~G'f EXCE~S!VE? (SooGEST TEAM EXFILORE 
TECH~;OLOGIES K~:C'NN TO V!TA, THE NATIOMAL ACADEMY OF SCI-
Ef'! c~s~ ND TO 'i! AG E N HiG E~' AG P.! CUL TV? AL U m VERS IT Y, T PE 
i~ThERLA:ms HITER ALIA TO REVIEt" srALL SCALE RURAL ENF:RGY 
APFL I CAT :0 NS. 

F. IS THE SL'GGESTIO~ FOR USE OF" ~:'{~LLO'i1 WELL ''''INO TECH-
~CLOGY COMPATIBLE WITH THE P.lIR~.L I .. !ATE~ SUPPLY PPOJ~C! 
DE:~IGN TEM1' S F'INDH'3S TH~.T THE: '.a/l~1D IS TOO INCO~ISISTENT 
TO ?~OV!OE A DE?ENlJA3LE PO')E? ~OURCE IN LE:SO!HO? 

G. IS S IMUl T A:JEO US D EVELOPME NT C F' A VAR I E'TY 0 F TE CX NOLO
Gf,:SCt!IT i/ DIF"F'L'SE ::F';c~r: r-~,~ CR~'i;TE: .'!.~:=IGl'ITY REGi~?D!tJG 
CEJE CT r VES? 

roe '!!~AT I~ TEE CUP.?ENT POT::~ITr:L OF' TEE "'T~HSTR'f OF RURAL 
!)~":::LO?~~::-\1T T(' ~"A~'AGE !~PL~r··~'!TtT·om 'J! ,'·r II'ILL I?E THE 
U:"=:L OF' :-:1AI~:I~'G RE?~I?ED? '}:-:rT IS T1--::: PROEL~~LE A\}'o!L-
~ILI!Y OF" E.ASOTHC ~trALIFIE~ TO E~!'!';':? 'o.P?~()PP.IATE TP~.IN!NG? 

Ie Wi{';' Sl-:OtTlJ A~:AEP(':;rc DI3EST::FS (E!CGA~) BE: INTRCDuctD 
TO' LESOTHO? !~ THEF.'~ EVrDE~JCE n-:AT FAf>~!LY S!ZE U~JITS 
MIGriT EE COST EF"rscrrlJE H1 LESOT:-!O .o.LTHr.UGH TP.EY HAVE NOT 
~NERALLY PROVE~J TO 8E COST EFFECTIVE: !LSE~~HERE? 

J. It/AS THE MICRO-~YOO TECHNOLOGY DELETED !NTENTIONALLY 
Classif,cotlon 

50151·102 

OIiTIONAL FOAM 15HH 
"'lrmerly FS,412!I-" 

J."".rv 10"" 
Cegt. 01 SUIt'! 

http:ARIC!JLTUR.AL


3. •• UNCL ASS I F'I ED STATE 084'38 

FP.C~ THE 0P.!GP1AL VE?SIo-.N OF' THS prO? 'AfOUL? TESTS; N 
REMOTE GOVERNMENT CF'F'ICES AND CLI\'ICS NOW USING O!E~~tL
~NEFL~TED PO~!E~ !~, THE 1-2 K\' PM;G~ 8E LIKELY 'L'O H!DICATE 
TPAT r1 :C20- r;YDRO SYSTEMS COMPETE WITH D !E~EL ELEcn~ I ':ITV? 

¥. A?E T' .. !O U. S. :ECHt;rC!A!:2 :::~S::~·l'!'I.~L? CAN'T TH::: S'HSS 
TECHNICIAN EE EllCOURAGED TO PEMAItJ? IF' A SOLAR A~~HITECT/ 
EN3IW2!~ IS JUSTIF'I~D, !.rhAT IS TH: RELtTIV~ !~POPT!\'NC:: OF' 
THE SKILLS REQUIRED? 

L. A~E GLAS~ G!)EEr!p(),.I~::C' PiiACT!CAL .T~~ LESOTr:n 02 A~E 

HA V .. ST 0:r1S F'R EQUE NT AND Iv!D ES P~ EAD E t:O UG H TO G U AR A UTEE 
THFIR AN~1UAL DESTRUCT ION? 

r-'. ~-{CULD NOT F'EASI3ILITY ASSESS~ENT EE CO~$IDERED F'!?ST 
~OJECT ACT IVITV TO BE USED AS INIT IAL e AS!S F'OR MATCHI NG 
TEC~~:OLOGIES. A~ID VILLAGERS PRIOR TO F'!ELD TEST OF' ~:E'J/ 
SYSTEMS? 

6. PP TEAM SHOULD REVIE~ O~·"J()z;.:G !I/OOD-LOT PRtJGRAMS MID 
ASSESS ADVISABILITY OF' H!CLl:ij!NG PILOT WOOD-LOTS IN RET 
ffiOJECT • 

7. REGARDLESS OF' INTENT, Sr.C2T TSR;1 TRAINING IN U. S. WOULD 
P.=10vro=: 2 ASOTHC 'lIT H EXT::NSIVE EX?OStrRE TO HJAPP~OPR I ATE 
TECHNOLIG!ES OUTSIDE RELEVANT SOCIO-ECO~!OMIC CONTEXT. 
TH::~EFCPE, THE R:::OJJI?£D SHORT-T::~rr! TRAINING SHOULD PE 
UNDE?TAX::~l IN LESOTrc. 

Be F'OLLOIJING ARE ~~GESTED CHANGES IN SCOPES OF' t~OP.K F'OR 
P DES!G N TEAM: 

A. PHYSICAL ~CIE~JTIST - DELETE RESPO~1~IE'!LITY F'OP. ?RE-
P~P!~Ki JOB [1E':SCRI?T!OI! !='o~ T~~P!T~'G SPt::(,TllL~~!~ Ann 
f£SPONSIB ILITY F'OR PP.EP.~P.H!G r::CHN:CAL POP.TIONS OF' DE-
TAILED PROJECT If"1PLEMENTATION PLAN. (lE~ THE F'IF'TP. TASK 
tDD CE) NATURAL AND RENE~~'APLE E~!EP'GY RESOURCES, I.E.: 
SJLAR, 'J.'HID AND \~.~TER. ALSO ADD A NI NTH TASK: DEVELOP PRO-
ms;:~ E(:lIj!?~:::~T LIST AND D::T~.:L~J C('l~T ::ST!~ATES. 

B. ~ CI AL SCIENT 1ST: 

(1) PEHF! ITE EXIST I ~~ TASK 5 TO R EAi): '1'}0 TE CO ~m UCT VIS ITS 

TO SELECTED RURAL AREAS TO ASSESS (~J VILL.~GE LEVEL TASKS 
THAT M!G HT BE ENERG IZED, It: ~ccoen MI"H 'C"~' PR IOR IT IES 

C/CSSdlC:ct.on 

50151.102 

O~TIONAL FORM 1S1(1-I1 
(Formerly FS~12(H" 

January 1975 
Oeot. of S'.'. 



~ .. UNCLASS I FlfiD STATE 084538 
ClaudicatIon 

AtID DESTRES, (9) CURRE:~ E~lE?GY USES M~ PR ACT!CES, Ar!O 
ec) La CAL so CIOLOG I CAL, CULTUR AL A NO I NST !TUT I 0 ~AL F'ACTORS 
THAT MAY SLGGEST I.JHICH TECH~!OLCG!:::S SHOULD BE INTP.ODl'CED 
AND HOW THIS SHOULD 8E oor·:E 1J~~llcr::. 

(2) ADD, AS A SEPAP.fI.TE TASK pqECED!N3 TASK 7: QUOTE-
ffiOPOSE A DATA-GATHER!NG Ar-.1J EVfI.Lu~r10N SYSTEM TO DETERMINE 
WHICH DEV!CES SHOULD 8E TESTE:! Hi '.JHICH V!LLA3ES. SUCH A 
SYSTEi'1 '""0 ULD TAKE r r-.rro ACCO UNT V! LL AG ER S' E ~:ERGY PP. lOR IT I ES 
AND DESIP.ES; ALONG WITH LOCAL EconOMIC MID ! NSTITl!TIONAL 
CXH;t'I!TIONS 8EARIrX3 ON TP.E .~pPRCpp.rATEr!::~s OF' SPECIF'IC 
SYSTEMS F'OR SPECI F'I C VILLAG ES UNGlUOTE. 

(3) ADD: QUOTE PREPARE DETAILED JOB DESCRIPTION I"ORTHE 
&lCIAL SC!ENTIST TO BE INCLUDED ON THE PROJECT IMPLEMENTA" 
TION TEAM UMQL'OTE. 

C. ECONOMIST. ADD, AS A NEW TA~K: CARR!ES OUT ILLUSTRA-
TIVE 8ENEI"IT-COST ANALYSES OF' PROPOSED TECHNOLOGIES. 
RETURNS MAY EE MEASURED IN SEL OF' PETROLEUM SAVEDOR NOT 
IMPORTED, PimSON HOURS SAVED ANDIOR VOLUME OF' I.~OOD SAVED. 

9. IN ADDITION TO P!D, PP DESIGN TEMt'j SP.OULD 8E PROVIDED 
\!lITH F'OLLO\!lUiG PUElICAT!OtlS, COPIES OF' 'Nl-!!CH AP.:: El::ING 
RlUCHED TO USAID MASERU AND ?O REDSO/EA: 

A. ECONOMICS OF' PSNE':.'A:LE ENERGY SYfTE~S, A ~O~.'CGRAPH BY 
DAVID FrtENCH, AF'?/ORISDP. 

8. ENERGY IN THE DEVELOPMENT STRATEGY OF' THF. SAHEL, CLUB 
DU SAHEL, 0 CT 76. 

Ie'. RENEWABLE ENERGY 'JIO? KSHO PITP. AI Nt NO S?E CI ALIST POSI TIO N 
SiO ULD BE EL 1M! NAT:=!) ~c~ P? r E,A.\A ~ ~~ ~ EPL AC::D = Y SO C! ~.L 
SCIENT IST WITH SKILLS IN ElOTH TF AI ~n NG AND TECHNOLOGY 
ASSESSMENT. VANCE 

UNCLASSI JOI ED 

Closs if,cor,on 

50151·102 

O'TIONAI. iEOAM 151(~ 
(,orm.rly ~S·4':;:t" 

J.nuarv 19~ 
Cept . .,t SI.l 
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ANNEX E 

STATUTORY CHECKLIST 

6C(2) - Project Checklist1/ 

Listed below are, first, statutory crite~ia applicable generally to projects 
with FAA funds, and then proj~ct criteria applicable to individual fund 
resources: Development Assistance. 

A. General Criteria for Project 

1. ~n. Unnumbered; FAA Sec. 653(c); 
Sec. 634A. 

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

(b) Is 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. 6ll(a)(1). Prior to 
obligation in excess of $100,000, will 
there be (a) engineering, finan~ial and 
other plans necessary to carry out the 
assistance and (b) a reasonably fi~ 
estimate of the cost to the U.S.? 

3. FAA Sec. 611(a)(2). If further 
legislative action is 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 •.. (C9nstruction J,.ess .. than .-. - .. -$"100-;6uoY: .... -... --.--
'- .. --. -- - . ·--··i--··-- ._- - ... _'--' 

(b) Yes 

No legislative action required. 

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

11 FY 1979 country checklist submitted with 
the Rural Water and Sanitation Project! 
632-0088 
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5. FAA Sec. 611 (e). If project is 
capital assistance (e.g. construction), 
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? 

6. FAA Sec. 209, 619. Is projecc 
susceptible of execution as part of 
a regi~nal or multilateral project? 
If so why is project not so executed? 
Information and conclusion whether 
assistance will encourage regional 
development programs. If assistance 
is for newly independent country, is 
it 5urnished through multilateral 
organizations or plans to the maximum 
extent appropriate? 

7. FAA Sec. 60l(a); (nnd Sec. 20l(f) 
for develo~ent loans). Information 
and conclus~ons whether project will 
encourage efforts of the country to: 

(a) increase the flow of inter
national trade; 
(b) foster private initiative and 
competition; 
(c) encourage development and use 
of cooperatives, credit unions, and 
~avings and loans associations; 
(d) discourage monopolistic practices. 

8. FAA Sec. 6l2(b); Sec. 636(h). 
Describe steps taken to assure that, 
to the maximum extent possible, che 
country is contributing local 
cur'rencies to meet the cost of 
contractual an~ other servi=es, and 
fore i ~n currenc :.es owned by the U. S . 
ue utili::ed to )l!~et the co~t of 
contractual and. (.Ither 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 devic~s. It 
would very well encou:-age developcer·.'~ 

of cooperatives and discourage the 
importation of many items. 

GOL will contribute approximately 4.4~ 
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 ~esource. To 
initiate this project, eight new 
positions have been established and 
funded in the Ministry of Rural 
Development. 
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9. FAA Sec. 6l2(d). Does the U.S. 
own excess foreign currency and, if 
so, what ~rrangements 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); Ill; 113; 
Extent to which activity will <a) 
effectively involve the poor in dev
elopment, by extending access to 

28la. 

economy ~t local level, increasing 
labor-intensive production and the 
us~ of appropriate technology, spread
ing investment out from cities to 
small towns and rural areas, and 
insuring wide participation of the 
poor in the benefits 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 im?rovement of women's 
status; and (e) utilize and encourage 
regional cooperation by developing 
countries? 

(b) FAA Sec. 103, l03A, 104, 105, 
106, 107. Is assistance being made 
available: (include only applicable 
paragraph which corresponds to source 
of funds used. If more than one fund 
source is used for project, include 

(a)(b)(c)(d). This project is 
designed to specifically introduc~ 
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 conditicns. 
To a large extent the project will 
be implemented by women and the 
energy saving devices will prim3rily 
benefit women. 
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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 
selecr.ed development problemf; if so, 
extent activity is. 

(c) (107) Is appropriate e:Efort placed 
on use of appropriate technology? 

(d) FAA Sec. 110(a). Will the recipient 
country provide at least 25: of the costs 
of the program, project or activity with 
reSDect to which the assistance is to be 
fu~ished (or has the latter cost-sharing 
requirement been waived for a "reb.tively 
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. 28l(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 t~e 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 dnd desires. No relation 



E - 5 -

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

(g) FAA Sec. l22(b). Does the 
activity give reascnable promise 
of contributing to the development 
of economic resources, or to the 
increase of produ~tive capacities 
and self-sustaining economic growth? Yes 

International Air Transport. Fair 
Competitive Practices A~t, 197~ 
If air transportation of persons or 
property is financed on grant basis, 
will provision be made that U.S.
flag carriers will be utilized to 
the extent such service is 
available? Yes 

FY 79 App. Act Sec. 105. Does the 
contract tor procurement contain a 
provision authorizing the termin
ation of s~ch contract for the 
convenience of the United States? NA 
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WAIVERS AND APPRow.r.s 

1. Waivers end Approyals Required. 

1. Wai '\o'er of the 25 ~rcent cost sharing requirerrent contained in 
Sectioo 110 (a) of the Foreign Assistance Act of 1961 as arrended. 

-------------------------------------
--------~---.-.-.- .. ---.~-- "- .. . ---' - . -. --_ .. -. 
2 • A procllrerent waiver to ~nni t the purchase of shelf i tens 

imported frun other qee world sources in excess of the total arrot.mt 
allcwed by AID fruldl:ook I Supplenent B, leA, 4b. 

II. Waiver Justificaticn 

1. Wai ver of ti:e 25 Percent Cost Sharing Reguirerent Contained in 
Sfction 110 (a) of 1±e Foreign Assistan<:e-M.. 

~ is on the United Nations Conference on Trade and ~elop
rrent list of relatively least developed cot.mtries. lesotho will be 
caltributing or over ~rcer.t of the proj ect total. Much of 
this contributioo will be incrarental budget expenditures rather than 
cx:ntrib'utions in kind. The waiver is thus requested in view of Lesotho I s 
p:lSitial as an ru:..rc and its sizable contribution toward project costs. 

2. Shelf-Item Procurerrent Waiver 

Tb~ project provides for the construction of one house in u::sotho for the 
project manager and for the procurerent and cc:nstruct.ion of several different 
energy s?ving devices. 

The house will be of a unique design that utilizes and dEm::::nstrates energy 
savir.g devices. The cost of the r.ouse is estil1'ated to be ab::::>ut $45,000, of 
which about $ 27,000 will t.e material cost. 

'The energy saving devices such as solar water and space heater, solar 
food driers and o::okers, iIri'roved round it over grew hole 2nd greenhouses will 
be manufactured fran locally purchased materials, $150,000 is l:u&;eted in tr.e 
project for this purpose. 

In both cases, the proj ect tnaIlagP-r house ar.d the enc:::rgy savings eevices, 
the intervals utilizes are lunber, paint, r.ardwa.re, glass fiberglass, steel 
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sheets etc. The rouse will t:e constructed early in the project and the 
er.ergy saving devices throughout the project life. As a result there Will 
be hur.dreds of relatively small purchases made. Si.'1ce practically more of 
t..'1ese material has its source and origin in Lesotho, txt is i.rnported fran 
th.e Rep..lblic ()f Sout.~ Africa, there will be many ourchases of shelf ita':l 
totally approximately $175,000. This is a daronstration projec.t one it is 
.TOSt :ir.1port2I1t to shew that the energy etiicl ent house and the energy savings 
devices can be cnntructed with locally rnJr~·ed materials. To purchase these 
materials fran the U.S. or any other co'mtry would be ,::ontrQry to t.~e 
deror.stration aspects 0f tlds project.. Therefore a w~(iver is requested to 
exceed tr.e totdl shelf i tt.~n procu...-erent allowed by Hancl::ook 1, Su}:pler.ent B, 
leA 4b. 
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AmreX I 

THE ECONOMICS OF kENEWABLE ENERGY 
SYSTEMS FOR LESOTHO 

From the economic point of view, renewable energy technologies for 
developing count~ies are of two major kinds: systems whose benefits 
are largely quantifiable, and systems whose benefits are unquantifiab1e 
or subjective. Techniques of economic ana1ysi~ will vary according to 
the category into which a system f.a11s. 

A. Technologies With Quantifiable Benefits* 
In many cases, the predicted benefits of a renewable energy system 

can be quantified. Economic benefits of a growho1e or a greenhouse, for 
example, are the market value of the seed1in~s 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 reasonab1a degree of accuracy. 

An energy system will be worth testing if its b€ne€its over time 
seem likely to be greater than its costs. This calculation will differ 
somewhat depending on the perspe~tive from which it is made - that of the 
person who will u1t~ate1y invest in the system, or that of the society. 
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 ord~r to encour~ge its use. 
If net benefits are sufficiently great, the society may even wish to 
subsidize a system which investors themselves might otherwise find 
unattractive. 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 
Ener Svstems in Deve10 in Countries (Report to U.S. AID and the 
a1 Dir iyyah Institute, January 1979. 
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relatively straightforward. We begin by estimating benefits 
to the buyer for each year of the system's expected lifetime. 
subtracting costs from benefits, each year's net benefits can 
For a hypothetical greenhouse ~xpected to collapse at the end 
years. the calculation might appear as shoWf1 in Table I. 

and cost 
By 

be found. 
of five 

TABI.E I: NET BENEFITS OF GREENHOUSES TO INVESTOR (in Rands) 

vr: 1 yr 2 yr: 3 vr 4 yr: 5 

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 

• Hs: t :aiIU: f;i. t :I tQ 
Investor -100 50 SO SO SO 

We must now decide whether the R200 in net benefits spread 
aver 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 sam~ 
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 
valu~ in the present. 

Mathematically, we determine the present value of future 
lOOney by multiplying each year's benefi:.s by the appropriate "discount 
factor". At an annual dis~ount rate of 30%, for example, discount 
factors are .769 for Year 1, .592 for Year 2 anG 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';':, 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 GREE~"HOUSES TO INVESTOR 
(in Rand) 

1 YL vr 2 vr 3 vr 4 vr 5 

Net Benefits 
~from Table I) -100 50 50 50 50 

X Discount Factor .769 .592 .4,55 .350 .269 
(30% ~ 

• Present Value of 
Benefits to Invest-
or ':"76.9Q 29.60 22.75 17.50 13.45 

By 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 die 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 j,nternal 
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. 



1-4 

In practice, a certain humility is required in using these 
data to predict the reaction& of potential investors to new energy 
systems. In the abov~t little account has been taken of such factors 
as these: actual cpst and benefit figures may vary from place to place; 
our discount rates mcy 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 p~obably seek systems whcse estimated 1RRs 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 consideration. 

2. The Societv's Point of View. Rege,rd ;s of how new energy 
systems appear to individual investors, natic' L governments will wish 
to make their own estimates of the value of L:.,ese systems to society as 
a ~hole. In general, the procedures 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. ~~&!!. 7.nvestors in new energy systems will pay 
the market wage to la~orers 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 ra"~~ from zero (assuming no alternative work available) 
to perh,'lps half the market wage (assllJDing workers would otherT..,ise 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 re~,atively short 
time hor~zons of ru~al investors, these rates range from 20% to 65% or 
more in rural areas of developing cc.untries. 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 tta Jrder of 127.. 

c. Social Costs. To encour~ge use of a new energy system, 
society may be forced to abs"Irb cOS.ts wilicr 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 to deal with horticultural problems arising from 
year to year. 

d. Policy 'Jb ject ives. Governments will have non-economic 
objectives as well as strictly economic ones. Assume, for example, 
that our greenhouse is to produce cabbages which would otherwise have 
to be imported from ne ighboring co.:ntries. In t:he 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 greenhol-.se had negative benefits, 
on the other hand, our analysis would sho·,; the cost to society of 
pursuing self-sufficiency through t'his 'J'!stem. 

In Table III, we show the calculations required to consider 
our hypothetical greenhouse from the bociety's point of view. Hc,oe, 
we estimate the shadow wage to be one-half the market wage. Extension 
costs are added. The so(~ial discount rate is assumed to be 12~~. 
From society's point of viet." 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 natio~al desire for agricult
eral self-sufficiency, these figures ma~e the greenhouse seem quite 
attractive. 



1-6 

TABLE III: BENEFITS OF GREENHOUSE TO SOCIETY (in Rands) 
(changes from Tables I and II indicated by *) 

1 yr. ? yr~ vr 3 yr: 4 yr 5 

Benefits 
Market Value of 

Vegetables lOu 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 
Societl -160 55 55 55 55 

X Discount Factor 
( 12% )* .893 .7Q7 .712 .636 .567 -

• Present Value of 
Benefits to 
Society -142.88 43.84 39.16 34.98 31.19 

I-

B. Jechnologies With Unouantifi~ble Benefits 
It. some cases, the predominant benefits of neoN' technologies will be 

~possi0le to measure. In rural Lesotho, for example, such devices as 
roof insu:ation and improved stoves will act primarily to reduce the 
amount of dung collected for cooking and heating, It would be theo~et-
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ically possible to estimate the monetary value of labor saved through 
these systems. However, at least as important are such quant.ifiable 
benefits as the value to the ~oil 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 
wich should be asked about these t~nergy systems before making any 
decision to support their use. Again, the approach will differ some
wat depending on whether we ddopt 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 le3st the following issues: 
the relationship between capital 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 su~cess in encouraging its use. 

a. Capital Requiremen~. 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 RlOO) and other expensive household 
items may also be purchased. Although not all farmers have access to 
this level of resources, such figure~ 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 
peopl/:, for example, would buy improved wood stoves simply to preserle 
stands of trees which are preventing erosion of other people's land. 
A reduction in labor to fetch wo~d for one's O'~ 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 Vlew. 

c. Visibility of Benefits. The potential buyer must be able 
clearly to visualize a new system's benefits. tfuile venting dung smoke 
outside a home could reduce eye and respiratory diseases, this relation-
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ship may not be forcefully 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 r~ral 
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. ~olhat 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 e~~nomics of this system 
as shown in Table IV. 

TABLE IV: BENEFITS OF HOME INSULATION TO SOCIETY ( in Rands) 

yrl yr2 yr3 yr4 yr5 

Benefi ts 
~ 

Less Labor for ful 
Collection 30 30 30 30 30 

Improved Soil 
Improved Heal th 
Cleaner Domestic 

Environment X X X X X 

- Cost 
C"O'iiStruction Labor 25 -- -- -- --
Material 30 -- -- -- --
Maintenance 10 10 10 Ie 10 
Extension Services 40 5 5 5 5 



We can then calculate what "X", the insulation's unquantiiiable 
benefits, would have to be for the system to be economically w(rthwhile. 
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 l2~. 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. 

---,-I. 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 systems 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. 

~ore 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 fe~ productive opport
unities existed). Only when we havp. 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)j 

costs of site preparation and installation of the £;ystemj 

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 ~t estimates 
of its costs and benefits. :0 maximize chances than an ~n~rgy 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 monito~pd to record the 
economic performance of energy systems being used. TIli' requires that 
a written record be maintained of 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
~ews 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 struct-ired 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 system's cost. 
To do otherwise--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 vther) terms. If we have done our job of analysis well, 
we should be able to assume that the systems involved are suffic:ently 
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 Energy 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.). 
~'03t 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 fami1y'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 was~e or unused heat actually heats the rondave1 with hot, 
smoky air. T~,~ cons\JTIption of 95,000 BTUs per day by a village household 
is equivalent to 27 ki10~att hours per day, which is as much as an average 
urban householci (fully electric) consumes in Maseru. 

It has been determined that fuel savings can be achieved primarily 
in tne cooking process. Therefore, 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 efficienci~s have been recorded a~ 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, ef,ficiencies 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 Vi11aae Fue~. 

Energy consumption per family unit for ~',evera1 fuel types in 
Lesotho is shl~wn in Chart No. 11, ·entit1ed "'Iillage Energy Use -
Per Family of Four." This data was obtained by Malcolm a~d Lynda 
Lii1ywhite from interviews with vi11ag~rs and from a,thes1s by 
Mark Best of the University of Cape Town. The data 1S based on a 
very small sampling in mountain regions, but is probably the only 
such data for Lesotho. This chart shows various caloric values 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 fuels can be used. 
For example, solar energy would be used for space hea~ing because 
its effectiv~ temperature is in the order of 1000~wh11e 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 st~ves. 
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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 denonstrated by the low 'effective temperature" 
and the low caloric values (e.g., solar energy and pedal power). 

III. Wood and Dung Mud Stov~. 

1. Criteria for Lesotho's Mud Stove. 

There are es~entia11y two types of fuel available in the mountain 
areas: brushwood and cow dung. The cow dung is available in two 
form!;: field dung in hand 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 watt1e, eucalyptus and peach. Indigenous trees like wild olive 
have virtually become extinct except near streams and rivers. A very 
corrmon fuel for the lowlands is aloe 'leaves. 

The combustion characteristics of these fuels are different and 
these differences are l~portant 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/sma 11 Any si:!.e Any size Long Large 

Ignition Slow Slow Quickly Good Good 

Combustion Slow Slow Very fast Fast Very fast 

Flames Little Little Very strong Strong Very stror.g 

Smoke Much Very much L itt1 e Little Littie 

Ash Very high High Litt1 e Little Very little 

T-2. 
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2. Mud Stove Design. 

. The following design criteria have been identifieJ by the PP 
te&/I: 

(a) Draft. While fast burning shrubs do need a draft 
restriction, the dung fir~ 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 little real clay in Lesotho. In most 
cases the mud available is silicate, basalt or mixtures of the two. 
The addition of sand an~ dung will make the mud more workable, less 
prone to crack, more porous (for better insu~ation) and more resistant 
to scratching and chipping. 

(d) Construction. The materials necessary to build a mud stove 
are: mud, stone of any ~ind preferably flat faced (preshaped mud 
b10ck~ can also be used). dung, sand, some pieces of flat metal 
which can be ~ade 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, \,/hee1 barro'~ (not essential), small 
builder's trowel and a tape measure. 

(e) Construction Tij,le. 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. Pedal 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 b~ 
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 ~nese mechanisms have become very useful and are 
worth adopti~~ and adapting to use in Lesotho. Beside~ 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 Jfficiency 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 transm~ssion efficiency than the V-belt. 

(c) 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 Mill. Two types of mills are suitable for this 

purpose. The first is the type used for coffee grinding made of 
two burrs tone 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 grin~ it in-
to flour and presently flakes ar~ not popular in Lesotho. These 
mills are also much more complicated and expensive than the burr
stone mill described above. 

v. Grain Storage 

As a necessary complement 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 annually in Lesotho is lost through poor storage techniques. 
Very si~r.~~ storage technologies can be 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 
th~n 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 ap~ropriate, however, as cement 
is needed to be added to the clay and dung mixture to make the 
vessel rodent-proof. The cement would have to be imported. 

In either cas~, it would be wise to implement a drying technology 
to insure 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~b1e, fruit, and meat drying should 
be seriously investigated as a support technolog.v for grain storage. 

VI. Community Passive Solar Greenhouse 

This community solar te1iant greenhouse design is a low~cost 
solar heated and cooled pe~anent structure made of mud, dung, and rocks 
with a fiberglass covering. It is designed to provide a nutritionally 
superior, ir.expensive and year-round vegetable supply. This green
house will operate in most areas of the world without all auxiliary 
heating and cooling system. The greenhouse is a free-standing 
structure and must have unshadowed northern exposure. 

The unique feature of the ~olar reliant greenhouse is its ability 
to maintain a comfortab1e temperature range without any utility energy 
systems. This is accomplished by operating the greenhouse manuaily 
during the day to acconmodate the weather conditions and "sea~ingll 
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 arp. absorbed by the black surface 
of the water cont?iners or other dark mud surfaces within the green
house. The absorbed solar energy is transformed to heat wnich 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 the trapping of heat energy inside the green
house barrels and is ca:led the greenhouse effect. It is this heat 
trapping process that occurs between the earth and the earth's 
atmosphere that pro'lides almost all of the natural hpating 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 prob1~m associated with 
the solar re1iJnt greenhouse if proper ventilation is r.ot maintained. 

The solar reliant g~eenhouse should be oriented due north for 
best performance. Periods of improper operation during the extreme 
cold months may require the use of a~a11 back-up fire or mud stove 
to prevent frost formation. The greenhous~ should be situated to 
allow maximum direct solar exposure during the winter months and, if 
possible, partial shading during the hottest s~mmer months (e.g., 
dec~duous trees or moveable insulation). The green hOI ~e also needs 
to be in a relat1vely open areC' to utilize the sUlnner breezes to help 
ventilation. 

The solar reliant greenhouse has been designed to use human 
energy (labor) to manipulate the temperatu~e 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 opened or closed automatically with passive 
actuators. Additional automation may be incorporated if desired, 
but this should only be necessary when labor is scarce or expensive. 

VII. Food Drying 

Althou~h food dehydration was not identified as a priority 
technology the probability 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 nutritiona1 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. Solar 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 providg 
hot air when the shutters are in use or when large quantities of 
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 ~,"shaded) 
are heated directly by the sun, which transmits through their y1~zed 
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 ,nove upward through the box and around 
the food (convection). This hot air gently extracts and evaporates 
the water in the food and carries the moisture out through the 
vents. This slow removal of moisture is called dehydration. 
Dehydrated food can be r.tored at rcnn temperature for long peri ods 
without spoiling. The formation of heat by transforming solar 
energy into thermal enet'gy is called "th..; greenhouse effect." 
This is the only source of heat in the food dehydrator. 
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Cc.."'IIIImity' Passive Solar Green.l).ouse in c-eyenne, l'Yominl1. O'f t."'.e 
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Figure T 12 Botsw'3Jla tni'lees mak:in~ ITI1d solar c:>oker. 



ANNEX K 

I. Project and GOL Personnel 

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

A. Program Coordinator (Physic~Scientist or E~&ineer). 

The P~'ogram Coordinator shall be an employee of the U. S. 
contractor responsible for implementing the RET projeec. The 
Program Coordinator must report programatically to the Rural Develop
ment Coordinator of ':'iORD and liaise with the USAID Program Manager. 
The Program Coordinator oust also repo~~~ through-normal ~orporate 
channels of the contractor to insure ~~h\~actual obligations are met. 

1. Scope of Work 

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

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

(c) Act as primary facilitator between project activities I 
GOL and USAID. 

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

(e) Insure technical and scie~tific soundness of all RET 
experiments and designs. 

(f) Coordinate and manage training programs. 

(g) Ac.t as primary trainer for technical, managerial and 
process functions for !10RD AT Unit personnel and VET trainees. 

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

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

(j) Act as ~roject liaison t~ GOL Ministries. 
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2. Minimum Qualifications. 

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

(b) At leaH five years experience in RET design de'Telop
ment or research. 

(c) At least five years experience in RET or related 
managemenc or 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 em?loyee of the U.S. contractor responsible for implementing 
the RET ~roject. The Field Supervisor shall report to the RET Program 
Coordinator. 

1. Scope of Work 

The Field Supervisor shall have the f~llowing responsibilities: 

(a) Review the social, economic and soci~l 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 t!1e 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 actlvltles 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. 
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(f) Coordinate sociological, economic and physical aspects 
of the design of renewable energy technologies. 

(g) On the basis of at least preliminary ~esearch, and in 
conjunction with the Pro~ram Coordinato~l and Process 
Documentation Group, selected possible sites for implement
ing RET activities. 

(h) In conjunction with the district community development 
staff J meet with villagers and village representatives to 
agree on technologies to be tested and to select villagers 
for training as Village Energy Technicians. 

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

(j) Establish effective village-lp.vel 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 evaluation, 
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 Minist1'Y of Agriculture. 

2. Qualifications. 

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

(b) Working knowledge (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 rese3rch and the ability to 
work in an interdisciplinary team. 

(e) Administrative experience or ability. 
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C. Laboratory Sllpervisor (Physical Scientist 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. 

(c) 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 =eports 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. 

(c) 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. 

(D) Three years experience in laboratory work. 

(c) Experience in media or photographic work. 

2. Rural RET Training Center Coordinator 

(a) Two years volunteer experience (Lesotho preferred). 

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

(c) Willingness and ability to work with Basotho by living ~n 
rural village. 
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E. MORD A.T. Unit Personnel Qualifications. 

1. A. T. Unit Supervisor. 

(a) Undergraduate degree in Physical Sciel.ce or Engineering. 

(b) Aptitude and interest in administrative and supervisory 
~~sponsibility; 

(c) Good m~chanical aptitude. 

Cd) Willingness to live and uork in rural areas for short 
periods of time (2-3 months). 

2. Assistant Solar Engineers (two positions, 1 male, 1 female) 

(a)Complete high school education. 

(b) Aptitude for econo~ic and financial analysis. 

(c) ~xperience or aptitude in mechanical skill. 

(d) Experience in mechanical drafting or art. 

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

J. 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. 

(c) High school level capabilities in mathematical skills. 

4. Technical Assisr-ants (four positions, at least two females) 

(a) Agressively interested in helping the rural people of Lesotho. 

(b) Willingness to liv~ in rural villages. 

(c) Mechanical aptitude. 
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ANNEX M 

Glossary of Abbreviations 

AID - Agency for International Development 

ATU - Appropriate Technology Unit of MRD 

SEDCO - 8asotho Ent~rprises Development Company 

FTC - Farmers Training Center 

GOl - Government of lesotho 

lDTC - lesotho Distant Training Center 

MOiU> - Min is try 0 f R u r a 1 De vel 0 pm e n t 

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 




