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ING. : Ea,. DIARRA 

Ousmane SOUMAORO 

TECHN. : Abd. TOUNKARA 
Sii DIAWARA 

Gr. BASSES TEKTERATURES 
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ING. : Cheick SANOGO -
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Ing. a- ,' partteL 
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Chef ; An. DUUMBIA 

Gr. 
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F'at. LEMBELE 

TRA VAUX 

B. MAIGA 


Ticiani DiARRA CM Electric. 
Mamadou Yattassaye CM Menuisier 

Amadou KCOUREISSY CM MHnuisier 

Dramane COULIBALY CM Menuisier 

Mamadou KEITA hacor 

Bekaye SAMAICE Rlnoeuvre 
Broulaye SIDIBE Manoeuvre 

Nouhoum YANOGO Jardinier 

Moussa SAYAKE Jardinier 


Les chauffeurs 

Groupe ATELIER 

B. HAIGA 

Yaya TRAORE c/maitre adjoint

Michel DIAI2fE 
Demba KcEITA 
Negueba DIARRA 
Souleymane TIEBAA Contre-Maitre 

Ouar KANTE Ouvrier 

Sidiki TRAORE Ouvrier 


Notie TRAORE Ouvrier
 

Groupe INTERVENTION
 

M. DEMBELE 
X.X, DEIBELESDE^BECE 

* Tous agents des groupes Atelier et Travaux 

selon les travaux 


* Controleurs et enqueteurs des zones 


Attributions
 

Tous travaux de genie civil
 
d'entretien des locaux, du
 
materiel technique.
 
Relation avec le garagiste
 
Tenue d'un cahier d'entre­
tien par vehicule (y seront
 
notees toutes les interven­
tions).
 

Fabrication des prototypes. 
Reparation des appareils 
exposes au champ ou instal­
les ailleurs (en atelier).
 
Entretien du materiel tech­
nique de l'atelier.
 

Execution des taches prati­ques sur 
le terrqin (dans

les zones et ailleurs) avec
 
l'appui du G.A.T., des grou­

pes de recherche concernes
 
et de l'Atelier.
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PHASE ", P)ECTL7TP TJ.' PE 

PESPONEE TC Fir 

The Pro]ect IT11P ementat ion Documentaticn defined the five 
principal que=,tion5 which must be answered during Phase I; in 
order to mE :e a viA. lid assessment for the potential of RE 
te h n o c - E T h e e ve questi on are sE. fo ]]-w -

I Yhich ;ethn:icgia_ Are mo-t tsuceptijl to Ic.,- a operation and 
ma int en-n:e =nd i, ech c ase , how s-hou l d l o c.2l contr , I
 
org-ni zed?
 

n3 'u/h . w 1 I he the Imp ac t o I t he new tc h n c I - g y n n, me I e e 
d a.r-i b'd n E nme -ndo a ]I we I are i n t he c omu n t - -wh 

bene i tE the mast, the lea-t, n t t EI 

31 Yhi:h i.t-es perform wellI nd ndzr ell I P their phsIca 
s.etting,
 

4 Hv, al the co. 5ts per unit c output compare with a] ternEtIve 
Eource o- energy that cAuid te ued in the A.iem et t n 

5) Are the t chn)ea c g e a c u ra 1y and ,acia13v ace p t a b tIthos,_e " u'h.a .t.'hey un-.caeplTatJethen. do.: require ah=-rnqes. in; 

hat t s 

A pr naipa! .bet A. of the terms ci reference for p h Ase IV is 
to de Ine the cri teri a nd m-thT,. .l.:gy neces.zary to resp,Znd to 
the-e five questiocns. In order to define 
 more clearIy the 
output required from Pha5e IV. each of the five questC, n is 
rev:ewed below 

It Tahnl 
v m~ nht iLr hhL~Inp~AIL~ 

Teohnc,.ogy mara_. eren, andirrm -r'enn.e are h:ey f=,ctors in the -. m t . ucm iat d ep.taceAc oA anY t hnaogyt n t hu 

a - tnrc.t .rAtMre ,. , m. n nE and nt t. n a c a t e d 
t-ea nc :A uv Je 

ura] !=a ha':.ng ha;d very I tt e e-Aposure to TyIechaeiae tra-mec-:namis tev' "es_ c.:.neuentl Iirs tery 
:.e 

I .liii tedha a 
oapaclr !o m e 2ntena.n.e. a.n: num',ero."us eaamplea o~f tec2hnlac] ]y.cr 
sound nta=laions V. th o pr- qnt . ar ma.i enannt and.,- nd 
local rnageaer tinlraarrucuretestv t. the r-..rtan,_-e oUf this 

ieature The .' i::e' . cf:. tncee ~e :, 
a p p i*.: flr. _1 o,.es r= : r p.e rn.'T ' ,; : ],n 2 C nI ra - .Perrie r;,! or 

, hrma, ]ce.: ard their 
:-man t enren ce

structure t.a t ":r -...- -: n-c ,r l ] k -io- Je.tra r the 
os , p .l e v n n t . r prE tr) Iees , A t Atenn - ) n ,f 

eifectt a:' r a:Eje h'rjl andJ c." "-ts.:.n e ::rars I1: tnia- "':TntextE h=a- at 3errred . irtr:,u.:eur dif ferent lcal entgement
 
a -. uaame requen I .:.r I f-eren a p I a a n th n the
em, 


tEhnc oy in order pro:de fa__s -eto a far Esingtine various 
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RTie7frInLnLi2 BtLA
Renewabler Ene-r__qy P.r nje 

TECHNOLOGY QUANTITY 

GAO REGION
 

Solar Water I 

Heater
 
Dryer 'TENT) I 
Dryer (TAC 2 
Solar Still 2 
PV Light.ng . 
P ..:2tI. I 

Improved StoveE 160 

Pemote "eather I 

Station
 

NOPTI RE,10I
 
PV Punp I 


SAN REGIIN 

\j.'ter Heater 1 
Dryer (TENT1 2 

lryer(TA05 2 


5Dlar Still 1 

Solar Pefri-


geratcer I
 
PV Lighting 2 


Improved StoveE 270 


e =ether I 


DILLY RE 1ON 

PV Pump 2 

imAeT--i 
fm__
 

SITE 


Gao 


Djidara 

Djidara 

Gac (8) 

Ga. tb) 

Ansongo 


Surveyed 


VII lageE 
Gao A/F 


Mopti 


,Sarn 

Beleni-


ticyni
 
Beleni-


ticYLI 

San 

N toroEc 


N'torozec 


Surveved 

V ill a - e a 
San Ile te c 

Demba-

Di awa r
Camp-

c.od i t ­

1!:_T0~ A1A-

LOCAL MGMT INSTALLATION
 

STRUCTURE DATE (YEAR)
 

Maternity 
 83
 

Fish Coop 83
 
Flih Coop 83
 
Garage 84
 
Maternity 83
 
Maternity 83
 

Hou5ehold5 82 /84
 

C ntrol T.,wer 81
 

Market Garden 81
 
Coop 

Maternity 8z
 
Duartier Bozo 82 

Quartler B5zo 82
 
Village Chief 82
 
Zone Controller 84
 
Dispensary 82
 

Dxspensar'v 82 

Houaehc ldE 81/84
 

le teo 81
 

OMSEEVI 82 

82 
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NIGRO FiLION 

Solar Refri-

gerator 

I 

Solar Water 

Heater 

I 

PV Lighting 2 

PV Lighting I 

Improved 300 
Stove-

Remote weather I 

Station 

BOUGOUNI REGION
 

Solar Water I 

Heater
 

Solar Still 1 


DI gef ter I 

improved 150 

Stove 


Remote L;eather I 


Stat ion
 

Hand Mill I 


PV Lghting I 

EiAllAYO EC I, 

Improved 200 

Wind Pump i 
Digester i 

Remtote ueather I 

5 t d t i C,T1 

PV Pump I 
PV Unintarrupt I 
Power Supply 

Nioro 


Nioro 


Nioro 


Banire 


Surveyed 

Villages
 

IJioro A/P 

Tourokorc 


Bougouni 


el eya 

Surveyed 


Vi]1ages
 

Eougouni 

Tonfa 


Zantia-


bougou
 

Bama ko 

Titibc ugcu 
otuba 

Ba7,kc 


5amankc 
:Tam k:, 
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Hospital 82 

Maternity 83 

Hospital 82 

Literacy 82 

Centre 

Household= 81/8 

Meteo 61 

Maternity 82 

Meteo 83 

Dispensary/ 84 
School 
Households 83184 

Meteo 81 

Interviever 84 

Dispensary 83 

Households 83/84 

Landowner 64 
Lijesto k 

-eer..h Centre 
84 

L EC b' 

Post Cure Centre 81 
LEEC, 64 



PV PUMP 

PV Pump 
 I 


PV Pump 
 I 


PV Pump I 


PV Pump 
 1Kirane 


47ind Pump 2 

(LES , 11

Wind Pump

(LE5 0 I .[' 

I 


PV Charger 2 


PV Ch.rqer 
 2 


flhr Ff 
LnstaI at 


PV Refri-
 I 

gerat..r 


PV Lighting 1 


PV Lighting 1 


PV RefrI-
 I 


gera t or
 

Soar Dryer 


(Forced Air,
 

ImpCvej 300 


5to e-.
 

PV Pefri-
 I 


9 era"t 0 r 

PV Refr-

gera t or 

Micrc-Eectr 
ification 


(1i-Jc.ro region)
 

Electrifiatio 


Village Council 
 84/85

Hamakouj- Village Coun,.jl 
 85
 
adgi (Gao

Tinaukert VI]Iage Cc uncj1 
 85
 
(Gac,.

Bema(Nicro) ODIY 
 8 

Ni orc ) 
.an 


Bamakc, 


S--,n 


bougouni 


ornf
 

Oueless-


ebougou
 

Kati 


MiE:sa-


bougou
 
ama kc 


Mopti 


BaMakC 


Koro 


Douenza 


Sahel Occidental 85 

85 

8 
85
8 

85 

85 

Dispensary 84' 

Minister 

LESO Engineer 

Mis-ionarv 

84 

84 

83 

Fish Coop 84 

Hn.usehold5 83/84 

Health Centre 85 

85 

of 2 Hcopltaj!. i 8 Dispensaries
 

n of Tombuctou Hospital
 

http:Coun,.jl
http:1i-Jc.ro


A comnprehen=Jve I]Et- ng of rene ,b-. I energy te-ch:o.logies 
instaIJed in laIi by rg51 :eticns 
other tL n I.E L, IC available
 
for reference in the 
report, "PlanlficbtJon de I'Energie-Rapport
 
Finale, 
Annex 4, Energie Nouvelle et Renouvelable'
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CPTTEIA IiTlE s i. OF TETHN rLO1E
 

INTRODUCTION
 

The framework within which to assess the social 
 and economic
 
consequences of introducing renewable 
 energy technologies in
 
rural 
 Mali is provided by the five criteria for their evaluation
 
set Dut in the Project Implementation Document. These are
 

1) the extent to which the technology can be operated and
 
ma1ntained locally, the nature of local 
control and management
 

z) the impact on income levels, income distribution and social
 
welfare in the ccmmunJty--who are the beneficiaries)
 

3) the performance and functioning of the technology 
 in its
 
set ting
 

4) unit cost compared with other sources of energy usable in the
 
same conte t
 

5) the cultural and social acceptability of the technology,
 
resul ting changes ;n village Iife,'pat terns of carrying out tasks
 

Although Criteria 3) and 4) iitvolve primarily technical
 
assessments, they also include a so-ial component. For example,

the characteristics of users, and the nature of the use made of a
 
technology, wi l affect its performance. 5 imilarly, cost
 
comparisons with other technologies need to take account of the
 
ability and willingness of users to pay both initial and
 
recurrent costs.
 

The range of technologies installed under the REP. 
 their
 
functions, and the contexts in which 
they are being assessed vary

widely. It is therefore important to establish differences in
 
criteria and method5 of a5sessment for each technology as well as
 
a framework for an overall social evaluation.
 

Technologies can be divided into 
those where system management
and ma..ntenance are restricted to individuals or 
 households
 
(improved stoves and possibly Ni-Sad chargers in the futureK and
 
those where an institution or wider social organization--e.g , a 
cooperative, or a village, clan or kin-based group--is involved 
at zome point in the process :{ energy use. This division is
 
Impor tSnt when considerinc *he practtal aspects of assessment
 
set out below Technologies with an institutional element
 
pro-v e ±:r easier nt there are
slight ly SIssess as. 
"responsable E or organizational structures through which the 
technco.?, perates These provide potential sources of data and 
offer a means of supPlenTenting information availat!e from "end
 
users"
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Village surveyve arIIed cu" in Phase !! of the RE 
 Project

pr:i,.,ded baseline data cin energy use prior to 
the introduction of
 
tec.hnologies Sub-equent m:,ni tor 
Ig jr Phase I11 wa: to n'­
provided a comp raI'e 
picture once the technc.logies had been 
ins t a I1ed It, pI ac t ce tlie s ccp for ma t c hi1g " be fore and 
"after" d:ta i5 e:.tremeIy limi ted print-cut available 
 from 
Phase II are not in a forin whi h f c7.i t_ ofjhi eI -,-,

ana1y5is, nor is the impact 
of the new technoci es measurable in
 
the term5 
 of the Phase 11 sure v F.,e--ause of difficultjes

associated with applving survey methodoIogies tc aErural milieu
 
in al i remaining stages of the survey, inc ludigj 
 the social
 
assessment, are faced with three main 
difficu.tieE
 

I) the v a iJity _,istatis5tical data collected to date
 
2) the method - needed to obtain other types of d ta t. meet 
 the
 
project 5. evaluatIon cr.IterIa te g , income 
data and
 
user'5--an-d potentiC.l users'--views on the technologie5 and their
 
bene fitE ha Ve pr Dved e .treme I' di fiicuIt to 
 e5 tab1 a slh
 
5at ijafactor ly,

3, the a e -men, r, c need , which haE to date. been based
 
largely ,r _b.,ect ue judgment-: an: e-:prened wantt. by certain
 
vila es m:yre - t c
,a t.'ste asE s, Ament of needs is required.
 

These dijffa-ultIe have n de termintd the scope and
a part 
methodoI.:,gy tr ie cf technologies set cut e I]rw I (uesa se rrent 

t h t 2r 
 Chn. ] c v- pec I fic re re ew'ed, te hnc : by
technology In Appenix 'A" of the 
guide] e and will provide

the reader Intere-te in detaII a C
or Ipefi technology with
 
ins'
,ght into the evolut ionary technica.l or s.ocial parameter­
which led to the pla-cement a-nd utilizat i n land problems) of a 
specific technology within a particular environment. 

GENERAL C: TTE ,IA 
 FOP AS E5S711ENT CF SOCIAL ACCEPTANCE OF 
TECHNOLOG IE 

1) introdu:tion of Technclogy
 
-context in which operated
 
-task perfo-rmed and how carried out previousjy
 

-contr,'.] and m-nagement 
of technology, responsibility fcr
 
bra kd owns
 

2 Use
 

-numbers and characteristics of users
 
-catc.hment areas ke g where install tion is in a health
 
care 
fa il]i tk in to n.vr of user E from town/vi Eges) 

-eEt ill, tea Cf PCtent a I use 
-if ta EP d:.ne by te ,hny is aa: at Iv carrIed out bytradi t a ,ria] cr ot her .roortrmeans,cr, EoUa ntio Lot 
makn. u-e c. ne'w technology and reasons-- Percentage
of ii m.e-en r r e. eni tveni not u-E.inTg :r.ers 

-users views or. technlgy 'reap,,nsaes"/"end-uP.r."
 
-potential users views and understandin, g of purposEe of 

technology 
-nature of benef:t5 resulting different criteria 
for each
 

technology 
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3) Breakdoowns 
-system for notifying breakdown-; 
-frequency 
-nature and effect on functioning 
-time needed for repair, whether carried out locally and by 
whom
 

4) CostE
 
-ideally, assessment of the potential for local
 
individuals/organizations 
 to invest in certain
 
technologies--e.g., improved stoves, battery chargers
 
dr y er 5
 

This may not be feasible unless one can find examples of 
investment 2n other forms of technology. National organizations 
meY be able to furnish examples (e g , ODN ) of villages who 
organized payment for water pump. Examples would at least 
provide indications of conditions where technologies may be sold
 
commercially and where they will need to. 
 be introduced with 
subs idy 

tone of tne difficulties with this part of the assessment is that
 
techno :,eI 1nstaJled for the PE Project at cost
r no to users
 
will not prc v ide information about willingness of potential 
users
 
to pay for installaton.)
 

5) Potential for future installations
 
-discussions witn national agencies, ONGs, 
on scope
 
-information 
 from census, other national data on potential
 
for use and dissemination of technology In part this will
 
depend 
 on other aspects of the assessment (e.g., some
 
technologies may not be effective in 
their present form).
 

6) Scope for local manufacture
 

Although not a main criter icn for essessment, the potential for
 
7ertain to e made locally
-e-hnologies should be incluJed (e g
 

imprcved wodstove5, diEtilation plants)
 

The detai is of how these s5sess ent criteria are to be applied to
 
individual te.hnologies are examined further 
in the methods of
 
assesesent
 

GFNEPAL AES OFCRITERIA FOR ESEENT TECHNICAL EFFECTIVENE E OF 
TECHNO LOG IES 

The general criteria conE~st cf
 
-determining what constitutes a representative sample of use
 
for each technology, to assesss it Potential mariket
 

-the techno/economic parameters def;ned in the PID.
 

These two criteria are discussed below.
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1. A representative samTple can only be determined if the total
 
potential 
 market is assessed For renewable technologies.
 
assessment of the potential market j a function cf
 

-the resource 
-the demand 
-the availability of a technology providing a medium 

for transforming the energy resource to meet the demand.
 

The potential market shculd be determined as fc!lows.
 

-Conduct a resource assessment of wind, solar, biomass
 
energy potentials. Separate similar resource potentials by
 
type and quanti tat ivel De ine the geographical zones for
 
eazh type and quantitative group defined
 

-Estimate the notionwjde energy need, aga in as a function cf
 
geographic zone and types and quantities of energy needed 
To obtain *h 2 estimate it w ]i be necessary to define 
rural, urban and industrial areas, determine population 
distribution, locate the presence of sini ficant ethnic 
groups and 2dentify CRM plans for conventional energy
 
pT'Ov1is on
 

-Overlay t.ht.e qeographic zones identified for resource on 
the gegraphic Zones identifi. ed ior dem-,and ana determine 
the best match of resource tyupe with demand type on a 
nationwide basis 

-Determine the type and combination of systems needed to
 
meet the total demand which can be satisfied by
 
technologies which match rescurce to 
 demand. This provides
 
a measure 
of the potent ial market ir a technology and its
 
cap.city tc Provide a satisfaf 
 torv energy transformation
 
between the reEour:e anId the emand.
 

Once this measure has been made. an assessment of the sample
 
necessary tc deo-t,rate that the 
resource demand interface is
 
appropriate 
 can be made This sample, referred to as a
 
representative ,;Tle, forms the pi lot installation for 
 each
 
renewable ener , technology to be field-tested
 

If the above method to determine a representative sampIe is not
 
appl2ed, 
a pi lot project may serve only as a demonstration of the
 
techno I y and n, t as a measure of its pot ent ial when introduced 
for ia - e-scale d ; itusi'n This factor wh: h is frequently 
overlooked or misnterpreted, requires serious 5 e ment within 
the context of Phase IV of thi s pro i t 

An important component 
ci Ph .. 1111 I1 be the identification of
 
factors influencing the .Jffusion an: acceptance of each
 
techni , y It should nevertheless be recognized that t st ina to 
date cannot claim to be based systematically cri samples which are 
representa tiv e accord . ,ng to the a toov d ef i n i t ion . 5ur vey

villages were originally selected to represent a cross-section of
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regional e.onomic. aocIa2 and et!!-: differences In Mali
 
Resource constraint- meant that it was ubsequently impzssjble 
to
 
place ex:mple5 cf each technology in each village for testing.
 
2. The criteria for aE.essment cited ir the PIt1 mEv be dividefd
 
intc, two categoric these general cr ierA (discussed below)
 
which ma , be applIj ed to a I technoiogies, and criteria specific
 
to a technology or series of technologies discussed in Appendix
 
'A').
 

P iIot f n - ti ,n
 

Si 5rljrrtfjn The choice of site for 
pilot installations can
 
have a major influence on the measured success or failure of a
 
technc,l-gy .c.z .11m" I . iield 
testing Site selection must 
ini tiaIly meet i.he series cf criteria defining a renresentative 
sample fc r a technol.:Dv type , which inzludes avai lability of an 
adequate resource and demand 

Additional issues which must be addressed in making any site
 
selection include.
 

-the verification that the installed technolc,gv will not replace
 
an already availaIbe and commercial techn loc. If the case
 
exs ts, the provi i &n should be made to avoid 
losses within the
 
co.nT ercial ectcr which could harm entrepreneurs and cause
 
negative public cpn1on toward 
 the new technclogy. These
 
interests i n-ariably have an economic base.
 

-precaution not tc discourage technology use throuah noise, or
 
phvE.ica danger, which might result from 
installation of the
 
technology in an inappropriate setting. These potential hazards
 
could be electrical or mechanical, and can frequently be reduced
 
or overcome by adequate user training, or protective measures.
 

-sec ur ty the install at ion should be provided with a Ico: al
 
management structure which will assure security, 
both to the user
 
cf the technolo gy and to the technology from misuse or
 
inappropraate treatment Pvandalism)
 

A key factor controlling misuse isI dcqu=tA user training, and 
use should be limited to trained personnel. If the ni tia 
installation and c ,mmissionin. of system pro'ioees sufficienteach ­
guidance to establish a local management structure which has. the
 
cPaEc ty to supervise operation, then physical danqer to users
 
and damage to the system by untrained operators should be
 
av id ed.
 

The risk of damage to the technology through access or operation

by unauthorized 
users shc.uld be part of the initial engineering
 
precautions incorporated at the time of installati n.
 

The variation in the degree of training and sophistication of the
 
training program will 
vary greatly, technology to technology, and
 
user to user The match which insures adequate training and
 
sufficient understanding to operate any technology in an
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ef c ient, correct mann, r ano 
 add ri a I Icws to
',-:,a I Iy users 

a t tain 5ome degree of unders t and in g wher. t he 
te: hnc,Iogj- ceases to 
operate correctly, iE an important cri tericn for assessment. 

TerhnicFl Perfo-rutmar. TechnicEl Performance may be divided into 
two principal categories performance of imported or locally

manufactured systems All i rp.,ported systemE should be procured
with a clearly defined guaranfe . of the technical performance of 
the system by the ma;n'ufacturer or sup;Iher Technical performance 
in these cases i verified by the appropriate installation of 
measuring jinstruments anT mni t, ring C. system output according 
to a specified program A comparison of monitored performance 
with specified performance provides a measure of the technical 
performance of imported tec_-hnologIes 

Local l manufai tured technol c,ii ma.i' v be as-es5ed by comparing 
the output with an alternative, usually conventional, technology
which provides a similar product or service, or by comparison
with the desi.n specaf cat ,_-ns for the system 

In either cas -y, t In.c iI t or j n iI necessary on an 
instantaneou- or continuous basis . and 
where a direct comparison
i5 to be ma.de w tti a convent i nal technology, then provision 
must e:-st either to rem Eure the perfo,rmance of the technology or 
verify that i tS per fCrm a Tic e ia comparable w i t h manufacturer 
spe.c t Jcat ic~n-

This crIteracn, although rea'i I assessed. may require

considerable time and effort 
 to acquire and verify the
 
parameters in the area of gasification, for example--a
technology wh.,ch has not been addressed within the context of the 
IE pro.,ect, exper's consider eight months of regional monitoring 
of a field-installed system in !ali to be the minimum program 
upon which to make a comprehensive assessment of technical 
performance of on- example of this technology 

A meAsure ot reliability of the tpchnology or series of a 
technology type trepresentative s.s.mpIe . can cnlv be assessed 
after the technology is operational for a determined period of 
tuife, or has underq.one acceleratedI life testing 

Since reliability is I n:ed tC. user competence, 
 maintenance
 
capacity and ouality, operating environment, system design, and
 
intended lIfe cycle, all of these parameters must be considered
 
when conducting a reliability assessment
 

Specific parameters to track 
include down-time and frequency,
 
spare parts avaiIIabi I , t ,,. maintenarce levels, local or 

Upecializedmsinten c.r.. mp-ct o uEer. economic consequence. 

fl-rT- T - - !I Thisi as key element which must 
be conducted acc, .rd In; tc. the tvpe and =.oph sti cat ion of the 
technology and the abi Ii ty of the operatortuser to understand the 
technical-,perati naI aspects of the instal lat on This element 
should be built into a pilot prcject as part of the procedure to 



set the technzl,gy iT. p a:e c:mT.ILsi oT it and transfer 
operat i nal respnor!L- i v tc. the client tuser r prcduceri The 
variat icn In the degree cI tr i Tag .i,nd , Et, c,t t or of the 
traninggrTr rnr rm wa vary -rei t y te hnoclc t technology and
 
user 10 ,-er The m1-tch wh:.*h n uuEt a dex'-ta traininc and 
5uff I-e TI under tand 1 Ti t c:p ra te ny Iehn in aT,t -,:gy 
efficient, correct manner, and additionally al !ows users to 
attain scme degree of understandirg when the techno:c y ceases to 
operate coriec tlv iE ai. important -r: te-on f-cr E ;-sTitent
 

n_ ._J._d.Lz Luxi
_ 
 ', e I - The qua I i co ertv ce Is 
directly linked to The apprcpri tene 5 and caT.a i ty of the 
technology 
 to at ify a need and the EyStem put in place to 
transfer the output c, the technoc,:,y t,-.the user, part icularly 

,r i E nc.t ne ce a5 ar Iy the userwhen theIr cnpt , t he tcc h n logi-
I the uEer i- E Iat r ied with the qua I tv C, the service cr 
product pr. v.jded bi, the techn iog,. (and thi 5EatI faction can [e
 
a fune Icr.n c.f quality quantitv, re I .ili tv cc-st 
 or
 
ccnveinenc e the the 
euccetafu 2 rrtrc-duct Cn 7-. acceptance of 
the technoJ coy occ ., ea pc rincipall y p er crrrance-r e a ted An 
a. e ]n.entn ,i 1 tI f ct cr;. wCii Perw t an ahly is of 
te.hnIca perormance Ir gui tI : 

controlling effective ut l is ti .,n
 

to, ice diet 7 ( .t her parameter5 

j;dP' , 1 " , i' "fh: hrtv .- ­ .U o -K Thj- iE pri nc ,al y an issue to 
ice addrc-e.c m a z'e-e nta tive cfr. n,:r re c"e sample a te-hnolo y
tPe. sice i hh ..,te. cfef ed ior a part ic uar pPcapplicat ion iE 

_
not ad pte_ t, th- reed a p.:r match wa made be twee the
 
res-urce Cri'1 er1 Tn L"ther tactors which requ re 
re ,, ew include
 
the aspect Cf com7,F,e t it ,, tc c. t altI. shed habits cus t,,m or
 
alternative teth,c o satisfyIng a sPeci,:fi demand
 

Hf, in Sp . te ct its good record (perfo:imance, rel iabi Ii ty1,
 
eCTon Mic, ba'eL, a t-!chnTology aprears n t to be "el,,,Iadapted 
 to
 
user-needs, then social acceptance criteria must be reviewed
 

-l I .C., f._.1,_ In oo ks historical v at fail ed 
ecchnc I g_ e , convent on l or ,enewaL, the gre -tests t ingle
 

cause icr failure s lacy 
 cf pr ,:=i on ror ioiow-up and 
Pi-:ntrance. This is parti.ular y true n Mai1 , where the 
cpajcty fr Ic,c I mainterance is frequently litmited and ac =­
is difficult and epensive Prcvisor at the time of technologv
 
1ntrodu:tiCr fcr follow-up and maintenane is an absDlutely key
 
elemen t
 

The level and frequency cf both routine and unscheduled
maintenance 
 varies enormously fro~m techn:olo.y to technolo~gy and
 

appl ica tIo 
. tC- pp Ic t ICIt Thes e taC tcrE mus t however, be 
e::plcored th r u h Iy. e;wen in -oncep:Che U.. a ny 
proposedf p: cIt pr ect 1nsta IE ,r A cIearly defined schedule 

for 
 fC.1 1 C' - up shcu I d b e Es t a _ aEIhJ dhefc,r the n i aI per icd of 
c,peration, with Icg-term prov z-r-fn -Dr reduced-level support for
 

1
the e -t Ta ted s te , te ;1ddit .tn "".>' * .-f parts, and
 
where possible maintenance 
e pertise, should L.e mTade available
 

C.,
 



Frequently a element long- provi5sion of
key to term parts and 
skilled repair capacity Is the establIjshment of a local 
management structure wh ic jnsures that the tec ogy "earns"no 
enough incc,me t -permit the serviceS to bought Experience 
hasE hown that wi th this type of localI marna-Ment structure in 
place, incentives exist to insure that rout ,ne maintenance i! 
conducted, repairsM are performed and parts are provided The 
assessment ,f any installation must ?arefuIIV review these 
c r i te r 1a 

CRITERIA SPECIFIC TO COMMERCIALIZE; TECHNOLOGI EF
 

The cost of pI ct installaticns i-s commonly used to determine the 
economic via ty -- the 1 Tanga YIi fi ;_ technolog g F, mA at . 
Although certain c:ost elere ants t an be j eretined from any pilot 
installaticrn and used to provide economic indicators, a real 
economic evaluation and compr,ari-on with the economics of other 
tehnologa eE can only b, conducted once the technology is 
cc.merciaI zed 

An economic evalauticn of E tehncloeE i n 11: 1 i thus Iimit.d 
to Imported pro.ducts, wi th the except ic n of mprc. ved woodstoves 
(metallic), sInce no cther E technology is presently 
c c.mi e rtr zeda IIE aIn I- _ t i 7 fi ure5 o f prod u : t io:n c Zs t a 
instal at or. and operat :na] costs are not avaiable One 
po s s i b I e a :o p t I o IIi c h F h c.u I d be con i dere d i Z the 5a h ores 
wind-pumping system manutactured In Eegou. which although in 
question from an engjneering standpoint. ha been pr-duc ed f or 
long enough and in sut ficient numbers to permit an analy is of 
its manufacturing and installation costs , (if not recurrent costs 
stemming primarily from Ta intenance 

Ckecannot ofer 
system relJabl1ity Thi- to some extent is frequently associated 
with the margnal cr inaJequate sample size cf the technology
being field-tested, but on the whole is a factor whach can only
be accura tely assessed wh en the commercaiized version of the 
technolog v 1 5 c,perated within a reQuIar envronment foi a defined 
per i cd or per enr t a )e of it5 estimated life cycle 

Pilot proects a-e the complete pi-ture for
 

Because of the relatively premature stac of commercialized RE 
technologIes In Mali , an assessment of tne Conomi cs of 
technologies is not possible except for those imported, but 
economic JncdI.at.r5 -.f l.ca ly m nufa" tured or ,arnuifacturable 
technologies can be determined 

The e onm c I any tlchnc I huSt invariably be tased upon a 
conp1riscn wth alternatives The c:cno: c ci coP,Vent ion 
technloies appears e poorly dC and n1ot wellIcumented to 
understood. An important responszitlity within thiz 2ssessment 
wi I ! be tC es t a LI i E h a ba e f cr c .mF,a r i s n bet coon RET and 
conventional techncJogies 
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UETHnODI.OGY =1 EyLLUATIrN 

The general methodology will consist oi 
 the following prin..ipal
 
elements
 

a) 	a collection of inforj,,j tion and te-t results available
 
for each technology within the Research Group and the
 
Grcupe Intervention at LESO
 

b) 	interview_ with Research Group personnel and
 
members of the Groupe Intervention to supplement the
 
Information acquired in point a)
 

c) 	interviews with 
the controllers and interviewers
 
in each of the four rural zones where technolIogie-. are
 
installed and a bae! ine survey has been conducted 

d interv 's w h technology users 
e direct M Surement Performed ;t 5Ites where 

technc. logie5 are installed and c:,mparison with results 
available from tests performed by LESCI personnel and, in 
i.e case f ;mp:r ted equi pnr1, from manuf acturers 

spec 1 f ca t ,1.n 
f 	 a te.rhn ,, i and economic analysI s of the data acquired 

throucih rep,c r z intervi ewE site viE t=, etc 
g) 	cross-reference w: th other pro)ects and other
 

technc,loI es both renewable and ccnvent1cnal
 
h assessment th cial impact on
o 	 Ie users of installed 

te 	hn,-i i 1 e5.
 

1 -b - A p lr) 11 	 r- P r_. mI er-d 	 e 

The report should 
begin with a rapid summary of the assumptions
 
for research and the hypotheses based thereon, from the project
 
paper, Koenig s various overviews, Stier's mid-term evaluation,
 
end related documents LetciI drawn from 
these latter need not
 
be ex tensive C:ons ideration should be given to including copies

oi key documents as appendices to the Phase IV report (perhaps in
 
a looseleaf binder), so that eventual readers will have them for
 
reference and detail as desired; all 
 t o often with such 
reports, reference s made to ke r sources of information that 
are nex t to imp,ossible to, locate once one is rei.,ved frooin the 
pr:.Iect in t me cr sp;_ce 

As po-t-mid-tern, .contrr butionE., reports by Maubrev and by 5Schcepf
should be rven mT-re thorough review in the Phase IV report. The 
evolution of thought regarding Phase III research should be
 
docu::ented Fleis 's wor: with 
the GI is t: be cons-,idered here, 
giving pecia at ttent ion to i atiativee taken ,-,r sugges ted by M 

Denbele,I aele o thers have ede and .;ho micfi and implemented 
these suggested meth,vds it 2E the evaluat -.n and input of these 
let ter v.'h c- .-,;i 1 -haps future soc!-i mpai.ca t reaear-h b/ LEEC 
Ei ther In the ba,:kgr.o-und sectcon, c.r in a c niuE ion tC, the 
5cial rese=rch portion of the Phase IV report, an a=.5essment
 
must be made as tc h. "appropri-ate" tray, be the sor t cf survey

research LESC staff ard consultants ha'_ cz.nducted (in -cmif,risC.n
 
to 	other meto.edolo,_,gies available--e.g., 
 lon --term fieldwork by a
 
small team of MaI an and e.:-patriate anthrpcoC, gsts)
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Fr on, hes e be9 nn in gs~ ~Pha5e- e urnT to tl e.81uato--w 

re sU]tLs of P h ase ~ wlwr e~ e' th e '_effe Lc of e a c hn teness 

.in's-t-a8 -14-n- e-r.~ mi-n ed- --- T07 - he--d e qreee-
 o0 1-73 ­
res.t from compari son betwen P ha s e-IJand Phase 11 11~ baseIin e 
d ~a wh er use an'd' managqement of RETs WCre5t udi ed AsV noted 
8bove, LESO a encountered di UfljcuILti es5. in comparingh a s aIready 

Phae i 1 a a'and tII hP85 1 .5UC 9o-economic.d ds ~of Lh i 
~: wr it ing ~e ffor t s. re,, J tIl bei made', ; 1,bo th rvocorr.,e ct 5 

tinrument5 iand ,'r'es5ea rch' :trat t o L h g~ ' n rvy 

The f ollIowing comments on, meth'odology for evaluation,,-tuhe n wi IjVA
serve :a due I i'UrP0 to- 85co-ida du ri ng he ir,*sendiscussed 
TOP preparation concerning resear'ch 'in.the, 15st mon ths o f 
Phas5e I 11,, and to provide Phases IV -staff 4with, a starling pont<

for 'the ir eval2u a t ion of t be 5cci al1 impact of~ e a c hRET~
 

~-~Xr~ develIoped and -deployed by LEBO,
 

_t.UI~e
Sp~ f*. i c Technr-Econmc Asses-m-nt 

'A review 'of the technical reports and mi9sion reports cobined~1
 
X~wi th'input--from the--Research Group wi-ll1 pro'videan-,unders-tanding~


of, the methodoI oyusd tho'ughout the proj ecVt,to <) 1 once vie
 
l a boratory t es5ts5 ins ta II and' moni tor t f ]&iieS0f10_

origin , .and 2) selct-laboratorYtes 1L ad~ -in--ial.I-i pore--~


techologe-7. These ',iethodologles have e volved thrjoughout 'the~
I]i-fe. of thbe" pr 0 j ct and 'do not nece ,sarily-dem~onstrate the opt imum 
appr'oach '!or cratng'- d abae rt 'a5s ,esren t. The P-hase,-
IV report should recommenid~-,,Procedure wit hin LEO 't 0 eemn­

-j>-, me thodologies- apprpiaefor 'future programns.t
 

---- C~Cted i n the mi-d-term project, ;evauation, on ofthena)e
 
ea r I Ywanesswithin the, pro Ject-was- the,,abs~nc of aprecise
--- both resear-chf and fe ]jd nAow e,
pl1an, f i or~ng'-'of.<ehoo 
Th~is- si tuat'ion tznned- from indq giac to the P.roi ct n 
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6) define thte 
 approach necessary to determine the institutional 
growth within LES throughout (he life of the project and 
emphas-'-2 e :: "nce oI the need to specify a future profile 
for LESO to include
 

-the P&D program
 
-field installation and monitoring programs, including
 
social .mpac! studies
 

-production, coinmercJalization and marketing goals.
 

Ii shJ J:2. Site Visit to the Four Project Zones 
--Schedule Apri i 8 - M ay I5 
-Manpower Input Intervention Group, selected research 

group participation. Zone Controllers, Project Consultants, Phase 
IV Coordinat r and Sect ion Leader for the Field Installations 
Pro gr a 1ii. 

Ti me res tr;ri nt E and the c on p I e : j of the log st5 C5 require that 
site vIsit-, be conducted by two teams. Each team, with 
scientific and: scial Impact e:iper tise drawn from LES0 and 
conpleiel.Ied by 0tprC Ie consultant. %,7,ill be resporsible for two 
zones ph!= the peripheral sites They will function independently 
to assess S I field ,nstaIlatIcn- ior the Proect, selected E
 
field intal lations. from other projects, and certain conventional 
technoiogies which c-an be used for comparative purposes 

The princpl--I objectives of these thorough and extensive field
 
missions re to rTiake an up-tc--date a55essment of all field­
installed tE.chnologies and to apply the criteria 
and evaluation 
methoc.dologie.: in order to, establ ,..:h a base for assessment This 
mission will also serve as a further familiarization session for 
project consul tants 

A complete listing cf the technc, logie5 installed within the 
franieor of thiE. project and other Prulects by LESS and by
other organizations is pr.o'vided jr the section "Technolog e for 
A . e s,nen t" These I is.tIngs are presented as a iunc ion of 
location and technolcgy type in order to facilitate easy
conparis:.n and smpliif planning of site visi ts, which are at the 
discretion of the Phase IV Coordinator and field installation
 
a sesm55Sen t t e aMs5 . 

TN5_ ._2_. Peview Outputs from Task 2 and Specification of 
Additional Informa.tion Needs 

-5c edule 'lay 15 
-Manpowel Input: Phase IV 
Coc rdinator, LESS management and
 

administration 'partial). Sect:cn 
Leader of Field Installations
 
Intervention Group, research group representation (partial),
 
Pro.Iect Consu.I tants
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The review is intended specifically
 

-to test the crjiteria and the methodology defined in
 
the terms of reference by making a preliminary
 
assessment based upon the findings, from 
 the site
 
visits defined in Task 2
 

-to evaluate the outputs
 

-tc specify the need for supplementary information
 

The outputs, including both technical and social impact
 
parameter= for technology be with
each wil 
 reviewed the
 
research group pers, nnel responsible and a basis of comparison
 
will be estab.ished for non-pro)ect 
 RETs and conventional
 
technologies. Supplementary information necessary to establish
 
an adequate data base for technology assessment will be def!ned
 
along with the complementary or modified criteria 
 and
 
iretnodologies 
 ne:esa1rv to acauire thiE supplementary
 
information
 

Results of the 
preliminary assessment, which will encompass all
 
technologies and technology samples evaluated 
in Task No 2, will
 
form the basis upon which to
 

-define a representative sample for each technology
 
type ta "representative Eample" and its role in the
 
5election of pilot projects is dafined in the
 
section" Criteria for Assessment".
 

-identify those factors not adequately covered by the
 
sample used during Project monitoring and con5idered
 
necessary for an ettectIve assessment oi che
 
potential application of individual technologies.
 

In the event that an expanded sample of a technology i5 deemed
 
essential to f3cJI itate a vzlId _sses5ment, further e;amples of 
specific technologies will be installed and a monitoring program
established where pr a c c a I t a: i n g n t c. c i d e r a t i c-n f I An i aI 

restraints Enalysj ofand time A complete and assessment 

"representat Ive samples" i1abIe
av and essential to evaluate
 
technologies will provide guidelines for 
 further installations
 
within 
 the lite of the proIect, and lon:er-term recommendations 
to build upon the e:.:erience/findingE of the present project. 

Ta E :. L_ ntrcductic.n of Continuation Field Program &nd
 
5upplenentar Data Acqu15ition 

-Schedule May S - 2y June 
-11anpower Input Intervention Group, Zone Controllers, and 

Zone Interviewers The Phase IV Coordinator 
 will provide
 
logistical support
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This component provides LEStO the last oPPortuni ty to revise data
 
acquisition procedures, information being retrieved, or,
 
methodology fcr data retrieval. In 
addition it provides the 
capacity t'o expand the representative sample of certain 
technologies, subIect to availability of the technology at LESt)
 
or the capacity of LESO to manufacture further technologies for
 
field installat ion within 
the limitEd time-frame
 

The cont Inua tion program w) i be implemented using tw.,
 
independent 
field teams as in Tazsk No 2 Team leaders will re­
visit the same 
zones visited in Phase 1I to optimize continuity
 
of input Teanm A will 
 ivjsi t the zone' of z:an followed by NJoro,
 
team B will 
 I j t G ac fa 1lowed by Eougouni
 

The 
 G rcup In t er ,,en t Ir! w. I I h=a %e omp Ie ted the pre 1I m n a ry 
assessment described Task willan 3 and specify at the beoinning

of this m is,sion addj tional needs for information, the methodology
 
necessary to acqu re this information, and hardware required 
 to
 
expand th size cIz certain technologie . if necessary To
leEampl 
pro ide th: z n I IIrm= and indicate the eYtent oftao! 

supple Ient = v neeT Z r th pi,gr a i
t I .E :cntInuation will be one of 
the pr1n cIpal outputs Eo Task 3 and will be obtained in
 
collaborat en wi th the pro.ect consultants at the end -. their
f 

init ial seven-we: In'.IveMent ifn Phase IV
 

The Grcupe nt.c.-vent icr.,. together with the Zone Contrlc.1ers who
 
particIpate. it' the Phase IV brieiing, will ntroduce these
 
suppl mentar1,, needs tc the in ter'viewErs in e ach zone and work
 
closev wit h them 
tc escertain that a complete understanding 
exists and that the infc,rmaticn requested an, be acquired within 
the remaining 8 - 10 weeks ot the zone operation 

i_n._ Phase c-f Infrma t ion Input fr. m -urvey ZonesInal 
-Schedule May 23 -- August 15, zones of San and Gao 

June Austu o-u 15. zones of Ecugouni and Njoro 
-MFanpower Input o ne Controllers, Zone Interviewera 

The cb - v -f h aE E - .ICwee I: per cd o f d a ta cc llect on i= to 
supplement and attempt to complete the data base necessary t c
 
conoud7 -ch te hnclcv agEs=.mert The , begin a
essin will11 by
period of inform-ti,: transfer frcm the C,rcupe Intervention to
 
the Z'Dne ontrollers and lnterviewers as defined in Tas
 

The res-pons-.I b lIty to. acquire the supplerr-ntary information and 
to m,hrrke a prel I n ary a- -essment ,f the al ijIi ty ,f this 
in crma t JCT, wi I be pJ- ed upon the Zone Control ler The LESE 
Inter enti ., Te I IIwn II I" Ie or a - r .:-ina te Iy two 
weeks a ct Iv,,t es be I aE -i ott li mited to. 1nt 0i-oducing the 
;ddi td nI needs a -- i 1ji at the I'oE f acquIIi ng proe-s tiOn 
Dur na th s final data- c le.ton p-eriod and subject to the 
resul ts 'T z-s}t3 an the anals,,,v Is cciducted n representative 
samPles f tehn,.ogies. possle s uppementary resposi bilitie5 
for Ey5tem 1nst;l lat ion niy be neces=ary. 
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Completion cf dta acquisi tion and ."o!e will
closeout ccur by 15
 
August in collaboration with a. final visit tc each zone the
by 

Groupe Intervent ion and LES: admi st rat 
 on Zone Control er5 are 
responsible rot only for oatE acqui i tjon thioughout this period, 
b-t 'hc Io gist:cs of zone closeout in collaboration with the 
representative of the LE50 administration 

Ta .s.I- . Data Reduct ion
 
-Fche dule June Z-July 21
 
-M1anpower :np, t 50'0 effort by Intervention Group, 505% 

input by LEa0 v L:unt . -'t-_ - "1th mizro-computer technology, 
5% input ty LESO ncmrc-computer specialist 

This our-week pe i cd "wji l be used to cmplert - an.lyse. c.f the 
data collected thrcu ghout IIl the project It bePhase oi should 
no t e d t ha t wh I e d a t a colo I e c tion shee t5 and t he base ne . ur v e y 
conducted in u! selected as focalPhase use households the po int
 
for the as-seS sment, this approach w7a I H ter mdi f ied to focus on 
Instal led te.hn.,1:,'glIaes in Phas- III Ccnsequent ly data !heets 
,,re re, Ied t e techr ,qoiq -tase.: r ther than household-Lased 
E:-per en e IF, th useUe oI these EheetE throughout the phase 
n e _ _ _ Ita te d A r i e S c ,ij J i i c t1 on s t o the f o rma t n d d a ta 
acqusi tjon The Ie Ie1of effort detined in Task 6 w ,I] be used 
to analze data a ble iron these te chnolc,gy-based data sheets 
and will c p IF!em nt the findngEi of the it i .] field missions 
ccnducted ir: T 5):=_. 

Ti . n On--i :eview andc Final te Zone Closec,ut
 
-Schedule Ju!v 2 - August 25
 
-Manpower InputU t l 1-,Intervention Group, administration,
 

Zone Controllers and Interviewers
 

This fn l,1f ield m s.S n willI be c r ducted usn.Ti two field teamE 
programmed as In Tasks 2 and 4 of the Phase The principal 
re pt, s ibJi ti e s c f t h is i i n a I miss ion wilI beb I) to re v iew a n d 
collect the finxl data Sheets Fnd observations cf the Zone 
In te e r I. ,_rticuIar the results. the addi tI-na1_ of 

iffcrr:jtion -e-cinfjed TasV and -) tc
,ithin 4, close out preject 

e-ch the zones:r, tnventf .ur pilot and tr an f er
 
techclogy re5p ns ibj l ty t, o oca I management
 

Essert ial tas_=: 
 t-. be acheved within each zone thr, u h..".ut this
 
field missicn 1incIu,,de finaliza_-ion of the zone accounting system
with the registrar resp nsibIe for inrnciel mansagenent within 
ech zone an. rem-V-I of inoperative technologies from Sites 

Dntrzct. w.th the Jnter e'.,er.E will termjn-te Au7ut 15, and all 
a din i n a t r a t e fvoi rn a i t E E-hould be finalized The Controllers

-ar.k. -art.cipat t. Taak
r- es:h zone ,-ll return to, in Nc, 

6,, the output sE mr.ent
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T a IL- k Final Output A,-,sesent 
-Schedule" August 15 - 31 
-Manpower Input flanagernent (partial), Intervention Group,

Phase IV Coordinator, ProIect Consultants, Zone Controllers and 
Partial representation from LES'O research groups and the Chief of
 
the Section responsible foi the Interventicn Group
 

This fina 15-day assesament conducted in col,aboration with the
 
consul tent 5nthropo c ist and Riene ,,able Energy scientist wil
 
pro v i d t he ou t pu t uFor1 wh I c h the pro, ec t fj n a I report will be
 
b.ased The assessment of the potential 
of each technology 15
 
based upon the defjnitiot,ns provided in the 
 section "Project

Out ut:"; ad o: the 
 5ample size as defijned in the section 
represertat " - , -

Much of 
analysesz 

the input fcr this task will 
f Phase III daita sheets end 

have been provided in 
in the review performed 

the 
aas 

Tas. 3 of the f nalI phase 04 the pro lect 

5.3e E]Ases-t he nst itut i:n LI rowth of LES* and 
recommenda t jns for a Fut ure Pro fiI e 

e. f 

-Schedule September I - i 
-Manpower Input Sec tio,0n Leader RI,D group leader
 

Inter venmtion Croup, Pro.c-t Consultants, LE:l;0 management and 
admi n at r a * p,ar t i a I ) , re eartch group represent ation (par tial)
 

An -s.seE_-.ment oi the inst tut 
 nal growth of LEC, is. cf secondary
 
importance, bYt 
an essential step in the process of determining a
 
future profile , which should encorpass three sectors
 

1 ) R&D piogram 
2) field insta laticr. and mcnitoring programs including social 

:mpaot studies and 
3) production, commercialization and marketing goals. 

These are key elements upon wh ,ch to base arguments for support
 
of new work to be under taker! by LE5O
 

The conclEcIons
r r-, ,n frm the P- Proect which will demonstrate 
the potential viabtlitV of various RETE are only valid if a
 
future pro.,le 5 defined for LEE 0 This profile must insure a 
natural progre sEion iroTr, the institutional growth and experience
oI the P ProTe t to. the introduction, acceptance and wide-scale 
di tfiuH.on of ET_ in Ma 1 2 (to the e::t -nt that a positive
mesur- b~e amn[. t 35a evident. 

Assessment ci the LES'E in ti tutional growth is readily
deternined ,y rev evewing procre-5 throug ul-,utthe life of the PE
 
Project N any of these aspe tE are integral to the tasks 
accomplished In the ea1rlier art of Pheae 1'' and will only 
require limi ted supTlementarV input 

35
 



Specific issues to address include:
 

-review of RE Project reports, consultant training,
 
technical evaluation and contractor-related documents
 

-review of training programs
 
-visit of the facility
 
-discussion with I.ESO management and technical personnel
 
-review of the respective phases of the RE project
 
-review of the field installations and monitoring program
 
-review of the energy survey and social impact studies
 
-discussions with GRM officials and review of the level of
 
GRM support to the institute
 
-discussions with project collaborators (USAID, IDRC, AGECCO
 
and CRES).
 

1) R&D Program: The R&D program conducted within the framework of
 
the RE Project has been strictly limited to rural applications of
 
RETs as defined within the Project Paper. Technological
 
development over recent years is making it increasingly clear,
 
however,that many of the promising applications (i.e. those
 
which offer economic competition to alternative technologies or
 
real potential for production) do not necessarily lie in remote
 
rural areas, but also lend themselves well to decentralized
 
energy sources. This issue should be re-addressed thoroughly
 
when defining a future R&D plan.
 

CRES has proposed an RE equipment plan for Mali and other
 
CEAO/CILSS nations. The plan, although not finalized, 
 provides
 
the basis upon which to judge future emphasis for technology
 
installation5 in Mali. The LESO R&D plan 
should offer support to
 
this national plan and De designed to complement ef(orts of CRES
 
and other regional national centers. In this context, close
 
collaboration with GRES is essential.
 

2) Field Installation and Monitoring Program: The reputation for
 
field-installed technologies in Mall and throughout the Sahel 
 is
 
not particularly good, although in recent years, for certain
 
technologies, the reputation is improving. A principal reason
 
for this questionable track record is:inadequate monitoring of
 
installations and inadequate provision for system maintenance.
 

On the one hand, LESO, as the national renewable energy research
 
center, is acutely aware of the-shortcomings of many earlier
 
projects and feels an immediate responsibility to the priority of
 
maintenance support to all field installations, as well as
 
systematic monitoring of new technologies or technologies which
 
are not totally proven (either from a technical viewpoint or the
 
consequences of social impact).
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On the other hand, the laboratory is obliged to acknowledge its
 
limits as an applied research organization, which by definition
 
does not have the capacity to provide maintenance support for all
 
installations. It does, however, have the scientific 
 and
 
engineering expertise to monitor unproven or partially proven
 
technologies without having specific commercial interests,-, and
 
it does have the capacity to serve as a ctntral clearing house
 
for new field installations to insure adequate provision for
 
maintenance and local management structures.
 

By assuming these two major roles, LESO will automatically build
 
upon the learning experience of the RE Project, complement its
 
own R&D program, and provide technology manufacturerE and the CRM
 
with a service unique throughout the Sahel--thus making a maicr
 
step in the direction of technology acceptance through increased
 
reliability and performance monitoring.
 

LESO is currently reviewing the possibility of marketing its
 
expertise, either in the form of consultant 
ser. *ce: or tl: ,-ligh 
the production of technologies. If LESO assumes the
 
responsibility to establish an infrastructure for maintenance and
 
monitoring of field installations, this marketable activity could
 
expand upon LESO's other intentions in this respect.
 

3) ProdUction , - Commertialization and Marketing Goals: A bcne of-­
contention which has become progressively more and more evident
 
as the RE project evolves is that off-the-shelf western-designed
 
and manufactured technologies are all too frequently not well­
adapted to needs in Mali or to most other developing country
 
applications. In this context and with the growing expertise of
 
LESO, increasing consideration is being given to local
 
manufacture or component importation. Such an orientation will
 
permit the nation to reduce its dependence on Western
 
technologies, increase its learning and economic base 
 by
 
promoting local manufacture or sub-system assembly, and, by
 
extension, build the national expertise to perform maintenance
 
and provide replacement components for field-installed
 
technologies.
 

This aspect of the assessment requires detailed-review with LESO
 
management and other GRM officials, 
 witih CRES to establish a
 
coherent program between the national cent er and CRES's interest
 
in production, and finally with the private industrial sector,
 
where the capacity to manufacture an I market is probably
 
greatest,provided scientific and technical/guidance is available
 
from LESO as an applied research organization with extensive
 
experience in field monitoring azid social impact studies.
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Task L 11: Strategy to Optimize LESO Role in National
 
and Regional Plans 
for Widespread Acceptance and Utilization of
 
RETs
 

-Schedule: September 5 - 15
 
-Manpower Input: Section Leader R&D, Group Leader
 

Intervent.ion Group, Project Consultants, LESO management 
 and
 
administration (partial)
 

As the only public service with prime responsibility in the
 
domain of RE technologies, LESO is by definition a key element in
 
the GRM's growing effort to promote renewable energy (or any
 
energy conservation) 
 in order to decrease energy dependence and
 
improve rural lifestyle. Several 
other branches of the government
 
structure have been assigned responsibilities for specific

technologies--particularly in agriculture, but the 
national and
 
regional role of LESO remains unique and crucial: to guide the
 
GRM in the selection and adoption of a policy which will 
 permit

renewable technologies to have the desired impact.
 

This consideration has made it imperative for the RE Project to
 
define a sound strategy for LEBO-- not only to provide channels
 
of continuation from the RE project, but through LESO to guide

the GRM toward a policy capable of creating a national energy

plan which can alleviate hard'ship in the 
rural sector, promote

lo,-a.l industrial growth, and reduce energy dependence by

e!St blishing de-centralized- energy sources- the latter now
 
considered in many industrialized nations to be one of the few
 
long-term solutions for sustained existence.
 

Task No. aj: Final Assessment Report
 
-Schedule: September 4 - 22
 
-Manpower Input: LESO management/section leaders
 

(partial), group leader Intervention Group, Project Consultants
 

The final report synthesizes the experience/findings of the
 
project, establishes an up-to-date picture of the potential for
 
RE technologies 
in rural Mall, offe,.s specific guidelines for the
 
future profile of LESO in R&D, 
 monitoring and commercialization;
 
and, finally, recommends to the GRM the basis 
of a strategy for
 
the role of RETs in Mali.
 

In addition to serving as a point of reference for LESO, this
 
document will provide a future profile to 
the GRM in policy­
making and, equally important, to potential project

collaborators, who will see 
in it a) the potential for respective

RE technologies in Mali, b) the potential 
of LESO, as an applied

research organization, 
 to cotribute to further advancement of
 
technology acceptance and diffusion, 
 and c) thE boundaries of
 
production, commercialization and marketing.
 

The report will be prepared with these factors specifically in
 
mind, and distribution of the report together with presentations
 
to the GRM, AID and other key donors will be made prior to the
 
departure of the project 
consultants and termination of the RE
 
project on September 30, 1985.
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SCOPE OF WORK: CONSULTANTS
 

The scope of work for the two outside consultants scheduled to
 
participate in Phase IV has been defined in the Project Paper.
 
These consultants, a renewable energy scientist and a cultural
 
anthropologist or sociologist, would be those who -. had
 
participated in the earlier phases of the project. The scope of
 
work outlined below expands upon the initial job description for
 
each consultant so that if either consultant is not available to
 
participate in Phase IV, a comprehensive definition of the scope
 
of work is available upon which the recruitment of new consultants
 
can be based.
 

SCOPE OF WORK: SOCIAL ASSESSOR
 

Principal Tiaks
 

The social scientist consultant will have two principal tasks in
 
evaluating -the project:
 

i) Assessing the extent to which individual technologies proved
 
appropriate in their settings, according to the criteria and
 
methods set out elsewhere in the Terms of Reference. Together
 
with findings from the technical evaluation, an assessment of the
 
numbers and- ch r-ctePf t-ic- of Malian users likely to -b-nefit­
from a widespread introduction of each technology should be
 
attempted, as one input to LESO's future resource allocations.
 

ii) Assessing the appropriateness of the project's organization
 
and methods in achieving its alms. Although this might --be
 
regarded as a secondary task of the social evaluation, it has
 
-important implications for the future use of AID funds and for
 
the benefits accruing to the Malian organizations and personnel
 
involved in the project.
 

Issues for examination in considering appropriateness of
 
project's organization and methods:
 

a) Did project outputs justify the social survey methods used and
 
the attempts to achieve a nationally representative sample, given
 
the resources available and logistical problems in Mali?
 

To what extent, for example, did findings permit conclusions to
 
be drawn on a nationally or regionally representative basis? To
 
what extent were comparisons between the baseline survey and data
 
collected after the introduction of technologies possible, and
 
what light was shed on village energy use before and after the
 
introduction of technologies?
 

Consideration of resources available and logistical problems
 
should include examination of the capacity for supervision and
 
support of zone teams by the group responsible within LESO (GI),
 
and the support of enaueteurs by zone controllers. What were the
 
benefits and disadvantages for the conduct of the survey and for
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the participating villages of the zone team organization?
 
Comparisons could be made with 
the training, supervision and
 
communications available in conducting a 
 survey -f similar
 
complexity in a developed country, as well as with other social
 
impact studies which made use of different methodologies (e.g.,
 
Roberts's study of a solar mill in Tangaye, Burkina Fasso).
 

b) What benefi-ts accrued to LESO a3 a result of the methods of 
social enquiry adopted? For example, did the system of 
consultant support provide LESO with a capacity to carry; C)"t 
future social impact studies independently? What sort of 
training was provided in social enquiry techniques to the GI and 
to zone teams? Are social enquiry techniques and their
 
appropriateness in different settings understood by GI and
 
applicable by them in the future? For example, .
 
circumstances to adopt anthropological observation techniques 
as
 
opposed to social survey approaches; the different requirements of
 
urban and rural enquiries, and the limitataions of questionnaires
 
among the majority of social groups in Mali. How should the
 
Groupe Intervention be organized in the future? is there scope

for a Malian social scientist to be based in the group, or will
 
links with other agencies such as the In5titut des Sciences
 
Humaines, or AMRAD (an NGO), provide adequate specialist output?
 

As well as evaluations based on the documentation available, the
 
above issues should be examined by means 0-f -irterviews with GI
 
members and zone teams, and with the technical groups within
 
LESO--the latter to examine their understanding of and views on
 
the role of the Groupe Intervention.
 

Method
 

Both- the technical consultant and the social asessor will spend
 
two periods in Mali during Phase IV: seven weeks in April - May
 
1985, and six weeks in August-September. The individual tasks to
 
be achieved during those periods are set out in detail in the
 
section, "Implementation Plan". Within the framework of 
 this
 
plan, the social assessor should in the first week in Bamako have
 
familiarized him/herself with the documentation available and
 
made a preliminary identification of any major gaps in
 
documentation for each technology (based on the criteria of
 
social acceptability set out elsewhere).
 

During the field visit (April 8-May 15) the social assessor
 
should concentrate on:
 

-observations of technologies in use
 
-discussions with responsables, local representatives of relevant
 
agencies (and users?), focussing particularly on aspects where
 
documentation has been identified as .nadequate, and on the
 
potential for expanding the use of technologies.
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It is during the 
second period of consultancy (August-September
 
'85) that the social assessor will provide input on 
 the
 
appropriateness of the project's organization and methods (see

above) iii achieving its 
aims and in helping to determine the
 
future directions of LESO.
 

The education, experience, and qualifications of the social
 
assessor are those defined in 
the job description, Appendix "W"
 
of the Project Paper.
 

SCOPE OF WORK: TECHNICAL CONSULTANT
 

PrincJa I 2 _ 

1.) Assess the extent to which individual technologies provided a 
data base upon which to respond to the five questions posed in 
the PID--specifically the management, performance, reliability, 
and economic aspects of the technologies.
 

2) Utilize the criteria and methodologies defined within these
 
Terms of Reference to 
assess the potential of technologies
 
installed within the framework 
of the project. A comparison with
 
other installed renewable and conventional technologies will be
 
essential.
 

3) Recommend a future role for 
 LESO--specifically, its R&D
 
program, production and commercialization, objectives,together 
with a stategy for the integration of LESO into the national 
energy plan. 

Me thoda 

1) Familiarization with the documentation available
 

2) Preliminary field visit to assess 
the techno-economic elements
 
of the field installations as cited in the PID
 

3) Based upon the preliminary assessment defined in point

above, define the supplementary needs in order to permit a more
 
total measure of the technology potentials.
 

4) In collaboration with the consultant 
anthropologiest and. LESO
 
personnel, analyze project outputs 
 and draw conclusions for
 
technology potential, using 
the data base generated within
 
the RE Project and other comparative sources available.
 

5) Recommend a future profile and strategy for LESO through
 
contact with LESO management and other GRM officials responsible
 
for elaboration of the national energy plan.
 

The education, experience, and qualifications of the technical
 
consultant are those defined in the job description, Appendix 'W"
 
of the Project Paper.
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BUDGET
 

SUMMARY
 

-LESO DIRECT COSTS CFA 6,579,000
 

-PROJECT CONSULTANTS $ 63,600 

-PHASE IV MANUFACTURING $ 8,000
 

-ZONE OPERATING COSTS CFA 7,019,500
 

-FINAL REPORT CFA 3,437,500
 

TOTAL COST 119,190
 
(CFA converted at 400/1)
 

The budget for Phase IV is separated into five major components:
 

1. The direct costs of LESO participation, principally in the
 
forms of displacement costs for LESO personnel and contact
 
employee-s -(controllers), -transportat-ion and mniscellaneous costs
 
associated with data reduction, questionnaire, and report
 
preparation.
 

2. The direct costs of project consultants. The level of effort
 
is programmed at two consultancies of 1.75 months anmd 1.25
 
months respectively for a social anthropologist and energy
 
scientist. Total 180 consultant days of effort.
 

3. The manufacturing costs of supplementary RE technologies
 
introduced into the field as a result of the review (Task 3)
 
conducted after the first series of site visits (Task No. 2).
 
For budgetary pur;oses a global figure is estimated since the
 
actual types nd quantities of technologies cannot be defined
 
until Task No. 3 is performed.
 

4. The costs of maintaining 24 interviewers and four controllers
 
in the zones from April 1, 1984, to August 15, 1984 (4.5 months).
 

5. The cobt of preparing a final project report, including
 
translation, typing, editing, publication and distribution.
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A detailed estimate of costs for each component follows:
 

1. LESO DIRECT COSTS
 

.LINE ITEM COST CFA
 

TASK NO. I - BRIEFING - 7 DAYS 

-controllers to Bamako - travel 40,000
 
-controllerE in Bamako - per diem 150,000
 
-local transport & maintenance contingency 100,000
 
-materials for lectures (copying, etc.) 80,000
 

SUB-TOTAL TASK NO. 1 370,000
 

TASK NO. 2 - SITE VISITS - 30 DAYS
 

-transport Team 'A' (3,800 km) 200,000
 
-transport Team 'B' (5,300 km) 300,000
 
-per diem Team 'A' i( 7 (35 days) 750,000
 
-per diem Team 'B' x 7 (35 d ;s) 750,000
 
-vehicle preparation/maintenance kZ5%/vehicle)
 

250,000
 
-zone controllers dis-placeierit -61]owance
 
10 days/cont/zone 150,000
 

SUB-TOTAL TASK NO. 2 2,500,000
 

TASK NO. 3 - REVIEW -- ? DAYS 

-local transport/maintenance contingency 100,000
 
-copying report materials 50,000
 
-copying materials to define supplementary needs in zones
 

,150,000
 

SUB-TOTAL TASK NO. 3 300,000
 

TASK NO. 4 - SITE VISITS TO INTRODUCE SUPPLEMENTARY NEEDS (30
 
DAYS)
 
-transport Team 'A' (3800 km) Z00,00
 
-transport Team 'B' (5300 km) 300,000
 
-per diem Team 'A' x 5 (30 days) 500,000
 
-per diem Team 'B- x 5 (30 days) 500,000
 
-vehicle preparation/maintenance (25% operating cost/vehicle)
 

250,000
 
-zone controllers displacement allowance 7 days/cont/zone
 

100,000
 

SUB-TOTAL TASK NO. 4 1,850,000
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TASK NO. 5 - CONTROLLER/INTERVIEWER INPUT (10 'EEKSl 

Cost included in mornal zone operating budget, included as
 
separate line 
item for duration of Phase IV until zone close-out
 

TASK NO. 6 - DATA REDUCTION (4 WEEKS)
 

No supplemenLry cst c :,'rmal LESO operating budget 

TASK NO. 7 - SITE VISIT - FINAL REVIEW AND ZONE CLOSE-OUT (21
 
DAYS)
 

-transport Team 'A' (3200 km) 170,000
 
-transport Team 'B' (4800 km) 270,000
 
-per diem Team 'A' x 5 (21 days) 375,000
 
-per diem Team 'B' x 5 (21 days) 375,000
 
-vehicle preparation/maintenance (25% vehicle)
 

220,000
 
-zones vehicles to Bamako (2400 km) 150,000
 

SUB-TOTAL TASK NO. 7 1,560,000
 

TASKS NO. 8, 9, 10, 11 
 - ASSESSMENTS AND REPORT PREPARATION (5 WEEKS)
 

-copying (other than final report) 200,000
 
-local transport (5 weeks) 250,000
 
-transport maintenance/contingency (25%) 60,0,00
 
-presentation'of assessment 400,000
 

SUB-TOTAL TASKS No. 8, 9, 10 910,000
 

TOTAL LESO DIRECT COSTS 7,460,000
 
PLUS CONTINGENCY 15% 1,119,000
 

8,579,000
 

2. PROJECT CONSULTANTS
 

ENERGY SCIENTIST
 

Salary - 90 days at $200/day $ 18,000
 
Per diem 1st visit
 

-5 weeks rural Mali (5,500 CFA/day) 192,500 CFA
 
-2 weeks Bamako (S82/day) 1,148
 

Per diem 2nd visit
 
-5 weeks Bamako ($82/day) 2,870
 

Travel - international (2 round-trips US/BKO @ s2250/trip) 
4,500
 

-local (provided by LESO)
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A]lowa._.ce
 
1st visit
 

-day.I - 43 (zero)
 
-day 44 -49 (25% daily rate) 250
 

2nd visit (none).
 

Visas, permits, passports, etc. 150
 
Excess baggage, transit, airport tax, etc. 300
 

SUB-TOTAL 27,645
 
CONTINGENCY 15% 4,146
 

TOTAL $31,800
 

SOCIAL ANTHROPOLOGIST
 
Budget Identical to that of ENERGY SCIENTIST
 

TOTAL $31,800
 

3. 	 MANUFACTURING COSTS OF TECHNOLOGIES INTRODUCED THROUGHOUT
 
PHASE IV
 

Nc detailed budget can be prepared since the complete 
 definition
 
of tec-hb]-ogiF5-td be'istalledwill 
 be available untilnot TASK-
NO. 3 of Phase IV is complete. Based upon the known 
manufacturing capacity of LESO and the period available, a global 
figure is budgeted. 

TOTAL $8,000
 

4. CONTROLLER AND INTERVIEWER COSTS
 

Controllers x 4
 
Bamako - 2 weeks
 
Zones - 4.5 months
 

-salary 
 103,880 TOTAL/MON
 
-per 	diem 
 50,000 TOTAL/MON
 

Inlarviewers x 24
 
Zones - 4.5 months
 

-salary 
 310,080 TOTAL/MON
 
-per diem 
 135,000 TOTAL/MON
 

Operating Costs
 
-San/Bougouni 
 520,475 CFA/TRI/ZONE
 
-Gao/Nioro 
 565,475 CFA/TRI/ZONE
 

TOTAL 7,019,500 CFA
 

5. PREPARATION AND PUBLICATION OF FINAL REPORT
 

-typing draft (750CFA/page) 300,000 CFA
 
-typing (English version) 150,000
 
-edit (English version @ 1250CFA/page) 250,000
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-translation 
 900.000
 
-typing (French) 150,000
 
-edit (French version) 250,000
 
-copying (draft/1000 pages) 50,000
 
-copying (!inai:50 reports @50CFA/page) 500,000
 
-binding 

-distribution 
100, 000 
100, 000 

CON
SUB-TOTAL 

TINGENCY 25% 
2,750,000 

687,500 

TOTAL 3,437,500 
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APPENDIX 'A'
 

==A.AND METHODOLOGY UR ASSE5SMENT-TECHNOLOGY BX THL 

Solar Dryers
 

Solar drying of fish, vegetables and fruits in Mali would, to all
 
appearances, be an ideal technology to satisfy a rural need
 
through use of an abundant solar resource. ThJi technology easily
 
demonstrates that products can be dried hygienically in less time
 
than that required by traditional open-air sun-drying techniques
 
and that a superior dried product is frequently produced.
 
However, many solar drying projects at the village level have
 
been attempted throughout the Sahel with disappointing results,
 
and the acceptance and widespread use of dryers is far from
 
evident.
 

In order to analyze the apparent lack of success of this
 
technology, the Phase IV assessuent must review the methodology
 
used to develop and introduce it. The factors could be purely
 
economic, in the sense that the advantages visible to the user do
 
not justify investment in the device. However, in the case of the
 
Penewabie EndrjyPfo-e tT -where dryers are donated, 'eieh-thi
 
should not be a parameter influencing successful introduction of
 
the technology. Efforts must be made to determine not only why
 
satisfactory results are evident, what to be
not but has done to
 
ameliorate problems with the technology, the approach to
 
introducing it, or user sensitivity.
 

Dryers are deployed in several different settings, each requiring
 
its own criteria of assessment. In San Zone, river villages of
 
Bozo fishermen have been chosen. A meeting was held with the
 
village chief and other individuals, and it was decided in whose
 
care the dryer was to be placed.
 

User data needed to determine the impact of the technology would
 
include a reckoning of how many such Bozo fishing villages there
 
may be, and whether, as fishermen go to various fishing camps
 
during the year, the same people stay together or form different
 
groupings. This, in turn, implies the need for social­
organization data, in order to know who fishes with whom, and who
 
would be prepared to use a dryer with whom. It is likely that
 
such cooperation follows kinship lines, but there may be cross­
cutting associations based on clan or age or other criteria,
 
which allow people to pool their various labors associated with
 
catching and preparing fish for market.
 

Such information (some of which may be available in earlier
 
documents; Phase III and Phase IV researchers must make a careful
 
gleaning and organization of any such data) is necessary to
 
decide what the potential "market" for dryers among Bozo 
fishermen may be, and 'how many deployed as pilots is a 
representative sample. 
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Phase II baseline data is scant concerning the economic
 
importance of fish dryini. Koenig's write-up from San is based
 
on a very small sample, and that from Gao is inconclusive. The
 
print-out, from protocole 26, on fish-drying practices, is missing
 
and presumably was not received at LESO For all intents-, and
 
purposes, we are starting from scratch with regard to the impact
 
fish dryers might have
 

A close review should be made to tease from the various baseline
 
documents whatever information we might have about fish-catching
 
and preparation and the social organization leading to
 
cooperation among fishermen. Contact should be renewed or
 
established with the staff of agencies working in the same
 
domain, both to gain access to relevant documents, and to
 
integrate efforts,
 

A field study should be made of how fishermen do use dryers in
 
sjitu, paying attention to who dDes 5nd who does not have access
 
to, or choose to use, the dryer; and tc whether there is a
 
perceptible difference in ability to sell solar-dried versus
 
traditionally prepared fish (i.e. What can we establish as to
 
incrcased profit resulting from dryer un:zII Using samples of
 
fish dried in rural areas, statements should be sought from
 
publ-c health official5 in the rbral are7a -- hfr --t-he dryers are
 
in use, as well as in Bamako, regarding the condition of solar­
dried fish with res; :t tc -e:.J'T or other health related
 
c r i t e r i a.
 

On-site field observation by a GI team shopld include interviews
 
and the recording of discussions with parties concerned--both
 
those using and those who may not use a dryer in a given
 
community, as well as those living in other similar fishing
 
villages where no dryer has been placed. We need informants'
 
exegeses as to these processes and their place in people's lives,
 
to complement whatever statistical information exists from
 
previous questionnaires. Only fieldwork over a period of 10 days
 
to two weeks asia minimum, and in one place, can provide such
 
substantive data.
 

As mentioned in Section IV, careful mapping of fishermen's
 
movement among camps, and the manner in which people do or do not
 
stay together as they move from-on-e camp to the next, must be
 
undertaken to determine where non-portable dryers can best be
 
located, and to begin an estimate of how marly. dryers a given
 
community would need to maximize their contribution to the fish
 
drying and marketing processes. In Phvse IV, projections should
 
be made as to what further research may be necessary in this 
field, as well as to the future evolution of any project 
deploying significant numbers of dryers among fishermen. 
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In Gao zone and at Mopti, fishing co-ops have received solar
 
dryers. The organization of these (who is a member? how are
 
decisions made?), their numbers, markets, and related factors
 
should be determined, as well as the more particular questions
 
(to be enplored for the Bozo fishermen as well) of how access to
 
and maintenance of the dryers are organized. -

To the degree possible, study of the potential of vegetable
 
dryers should be integrated both with the above fieldwork (Can
 
periodically un--used or under-used fish dryers be used for
 
vegetables?) and with fie dworh in agricultural areas such as
 
those around Nopti, where other RET -- e g , PV pumping systems,
 
can be studied at the same time Can we combine vegetable drying
 
installations with our effrts to prayide PV pumps to market
 
gardeners? Can the organizaticn which gardeners have established
 
to share access to PV-pumpeJ water be exploited to manage
 
vegetable dryers and eventual marketing of dried produce?
 

Data available from drying experiences within the RE project can
 
be supplemented by references tc the work conducted in Senegal
 
by CERER through ITA. The Senegalese experience included
 
diffusion of a dozen or so tent-dryers within fishing villages
 
and the manufacture at CERER of a series of lightweight portable
 
dryers
 

Although it is a simple technology, solar drying for rural
 
applications is faced with a series cf engineering difficulties
 
The principal limitation which applies to most flat-plate
 
collector-type technologies is in the definition of an adequate
 
glazing that is not prohibitively expensive, is reasonably,
 
efficient, not fragile and does not deteriorate with exposure to
 
ultra-violet. Experience in Mali, which has ranged from low-cost
 
tent-dryers clad in polyethylene film ( which must be replaced
 
periodically, according to quality) to long-life forced
 
ventilation systems. Each version of the technology is prone 
to
 
engineering difficulties stemming from the unavailability of U-V
 
resistant polyethylene film in Mali. Tests on locally produced
 
film show a life of 6 - 12 weeks in direct sunlight.
 

Assessment will review the pros and cons of the various
 
approaches and should attempt to supplement the RE project
 
experience with. information from other similar ventures. The
 
quality and associated health hazards related to traditional sun­
drying techniques, particularly for fish, should be carefully
 
reviewed when performing comparative studies with solar methods.
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Water-heaters
 

Solar water-heaters have been placed in rural health care
 
facilities and, in one case, in a village. Data about their use
 
is very sketchy: it is not clear how often they are used, bv whom,
 
and for what. Use for "soins as one e i teur
iied iaux," e-u 

reported, tells us nothing. We need data about the particuIai
 
uses--in a similar maternity or dispensary without a solar water­
heater--to which heated water i5 put. We need to determine the
 
hygienic advantages of having warm water available in 5uch
 
facilities.
 

Dr. Peter Knebel of USAID has suggested that there may be no
 
medical-hygienic purposes served in the use of warm water, other
 
than comfort for the person bathing, and that in his estimation,
 
the installation of solar water-heaters in health cre facilities
 
should be a low priority. A wider spectrum of opinion on this
 
matter should be obtained, from rural people (midwives both
 
attached to maternity clinics and ones simply living in villages
 
and operating there; staff of dispensaries or othe rheaIth care
 
facilities) and those attached to he2lth agencieE in Bamako.
 

Terry Hart suggests that the data at hand do not adequately
 
reflect the consistent, use of water-heaters he has cbserved.
 
Better documentation is clearly needed. This -i the-cas-e-for-the
 
water-heater placed in a village setting, as well. This latter
 
must be filled with a bucket, and it appears that it is not used
 
often, if at all. This may be a local management problem in
 
which it is not clear to villageers whose responsibility it is to
 
fill the heater, or it may be a simple matter of preference: if
 
fires are started in the compound to prepare food, the short
 
amount of time to warm water for morning bathing as described in
 
baseline documents may make heating water within the compound
 
preferable to fetching it from the solar water-heatpr.
 

We need more information about use of the RET in the village
 
where one is installed, if we are to determine the
 
appropriateness. of deploying others in future for similar use.
 
If it should prove true that villagers are not sufficiently
 
interested in the provision of warm water to want to keep the
 
heater filled, then this may be a case of a RET that is
 
technically, but not socially, appropriate for village use.
 
Enqueteurs should understand the need- for more detailed
 

responses to the existing questionnaire about users and uses; it
 
should be explained to them that broad responses such as "soins
 
medicaux" tell us nothing. Open-ended interviews by GI .staff
 
with staff and patients at facilities using solar water heaters
 
should include questions about perceived hygienic benefits. If
 
it appears that the raison d'etre of the heaters is increased
 
comfort for newborns and their mothers, it should not be inferred
 
from the discussion in Section IV.B. that such represents
 
spurious use of the RET, nor that this should not be a goal of
 
LESO interventions. If, however, bathing proves the abiding use
 
of the solar water heaters, then this should be considered when
 
prioritizing LESO's future program of RET deployment.
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As with other RET installations in rural health 
care ftcilities,
 
we need information concerning the nature and extent of the area
 
served by the dispensary or maternity clinic--that is, its
 
catchment area. Medical equipment 
is never used by everyone in
 
the communnity, but it is (or should be) available for use by

those in need of it. If 
heated water is deemed hygienJeally

useful, or if 
the provision of solar water-heaters is considered
 
a part of a wood conservation program (along with improved

woodstoves), then it is as important to know how many people it
 
could serve (catchment) as it is to know how many 
it does serve.
 

LESO has manufactured a solar water 
heater model for several
 
years Approximately 150 units are installed around 
 Bamako, on
 
private dwellings, or 
 in several cases, in institutional
 
settings. In consequence, much is known about the engineering
 
aspects of the system. The 
 problems of corrosion, costs,

collector glazing, construction materials 
and water supply have


4
been reviewed ':-, Ively .ithin LESO 
 for several years.
 

Technical reports available which
are discuss these issues and
 
demonstrate efforts made to improve the system design. Work is
 
inccmplete, but a series of improvements has been incorporated.
The units installed rur 1 1- '', t t!: framework of the RE 
project are similar to, and in most cases, identical, to the
 
uhiIs- istaIle a-round Bamako. Features which--have be-erf added to
 
the rural units include mesh protections for the collectors and
 
protective fences, in some cases around the total system, 
 or
 
around the hot water outlet to control use. Local managemen' of
 
these systems requires review.
 

The LESO model is currently manufacturable from locally available
 
materials and does not require sophisticated equipment 
 for
 
manufacture. In contrast, the 
 other DHW system manufactured
 
regionally at 
 ONERSOL in Niger is a more advanced technology

approach and has been extensively promoted for several years. The
 
ONERSOL experience would be very appropriate for comparison.
 

Biodiae ters
 

The implementation of biodigester5 began in April 1984, with 
 a
 
unit placed in Keleya next to a maternity clinic and dispensary,

approximately 100 meters from 
a school. Lighting for the school
 
and maternity clinic, water-heating, and cooking facilities for
 
the matron of the maternity clinic are provided through use of
 
gas produced by the system, which runs primarily through the
 
decomposition of cow manure.
 

Management problems of this project have 
 already surfaced.
 
During the installation, villagers apparently had little
 
participation, there few discussions with
were them about the
 
system, and the GI team was only present 
a short while and never
 
demonstrated the system.
 

51
 



An Elf-Mali PV pump exists in the village already, and 'the
 
management committee for that RET decided that 
 school children
 
would be responsible for gathering cow manure for the
 
biodigest.er. In return, lighting would be provided to the school,
 
and the students would receive compost from the system to use on
 
school gardens..
 

There is no cultural problem related to handling or using cow
 
manure, as it is a substance with several important uses in the
 
community, as, for example, in house construction. But, as a GI
 
team member noted, it seems difficult for villagers to see what
 
they as individuals will receive a- profit from the system; and
 
so cooperation in its upkeep has been minima]. Cow manure must
 
be sought frcm a distance of 700 meters or more, and the cattle
 
are only kept in the immediate area of the system for three to
 
four months out of the year. No single villager possesses
 
sufficient cattle to produce the manure necessary to keep the
 
biodigester running. Students assigned the duty of gathering
 
manure are sometimes not in class, and during their long
 
vacation, no alternative labor organization appears to have been
 
formed to keep the system supplied with manure.
 

There appear to be niggling technical problems with the system,
 
as well, concerning Suchth-g- a-5-lamp mantles, and whether or
 
not Petromax or other fairly readily available parts can be used.
 
In short, the GI staff have reservations as to whether the
 
biodigester, at this stage, is an appropriate RET.
 

Criteria for assessment of this, system must include further study
 
of the particular villages where biodigesters are to be placed,
 
in order to determine the availability of manure. That is, how
 
are cattle kept? Are there transhumance patterns which mean that
 
manure wi1l be available seasonally only? If so, are there
 
alternative ways to keep the digester functioning? How can
 
maintenance be best assured: what co-ops or other management
 
groups must be created or reinforced? Data must be gathered in
 
order to decide what extension work and sensitization in the
 
first stages of implementation are necessary, to insure village
 
enthusiasm and long-term participation.
 

Technical difficulties are minimal with low technology digesters
 
of the types constructed at LESO and the Chinese type installed
 
in the field. An adaptation is required to optimize use of
 
locally available materials, particularly in the case of the
 
Chinese digester, where bricks, clay, lime and cement 
 are
 
essential ingredients. Some of the problems encountered are user­
based and can perhaps be reduced by careful selection of
 
technologies driven by the methane.
 

In Keleya, for example, motivation to feed the digester so that
 
it will provide gas for domestic cooking is low because wood is a
 
readily available alternative. Refrigeration, however, if powered
 
by the methane digester, would provide a valuable technology to
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the villape dispensary, which could only be replaced by a
 
kerosene-powered alternative. Sufficient data 
exists on fuel
 
consumption of kerosene refrigeration to determine that this is
 
not an attractive alternative to the methane system unless the
 
refrigera.tor is used for income earning activities as is the case
 
in small-town boutiques where soft drinks offer 
 an attrao-tive
 
reward to the, investment necessary to keep the kerosene
 
refrigerator operational.
 

One further issue must be addressed when assessing bio-digesters
 
in Mali. In aJdition to the limited availability or irregular
 
supply of manure, water supply presents a major problem for
 
digester operation in many rural locations LESO is aware of this
 
restraining factor and in consequence is investigating semi-dry
 
fermentation techniques.
 

It is said that Maubrey and a French anthropologist named
 
Antonioni (?) studied the Keleya village system, but their
 
report, if written up, cannot be found. An effort must be made to
 
locate this, 
 if it does exiEt, and other documentation from
 
baseline surveys which might, for instance, explain cattle­
holding and transhumance in villages of this sort. Fieldwork at
 
Keleya must be conducted in late Phase Il1 , during which GI
 
researcher5 remain 
 in the village to study factors such as
 
transhumance, localmanagment Of-t-he system, and user patterns.
 
To what extent are services made available by the system, and who
 
then takes advantage of this? At present there seems to be
 
little or no 
data available to respond to such basic questions.
 

Fewer than eight months ago--i.e., around March 1984, water
 
distillers were deployed, one to each ;one with two 
at Gao. The
 
Zone Controller is responsible for maintaining the system and
 
distributes the distilled water ga i 
s, while sensitizing the
 
potential audience of transporters, garage personnel, health care
 
staff and others interested ina source of distilled water for
 
vehicle batteries.
 

Since the use of non-distilled water in batteries radically
 
decreases their lifespan, it is assumed that this R ET 
 will
 
improve vehicle upkeep and eventually those services dependent
 
upon .the vehicles.: Tests are being conducted to see if this same
 
water is potable and could be used for other applications,
 
principally in health care and hygiene.
 

Should tests prove the water potable, and should LESO then
 
consider deploying more of the distiller systems for health
 
applications, health care experts in Bamako and at the field
 
sites should be contacted to gain a sense of how much potable
 
distilled water is needed in an average dispensary or provincial
 
hospital. This input could then be coordinated with the other
 
existing LES0 research at health care facilities--e.g., PV
 
devices and water heaters.
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Data collection has Just begun, and only a single sheet has been
 
received. More precision is needed as to the identity of users,
 
so that we can gain a sense of the distribution of bene-fits.
 
Until now, networks (word-of-mouth) have been the only means of
 
publicizing the availability of distilled water from the sy5tems;
 
a better means of advertising is necessary.
 

Existing data sheets should be used in late Plase 111, but with,
 
the inz 4 '*-ctionthat precise information about the identity of
 
users should be sought as po sible (name of driver,
 
company/agency represented, locaticn of business, itinerary of
 
vehicle). Combined with data frim the sheets on the amount of 
di5tilled water ::-" :ed' n Jistributed, this information will 
be able to determine the radius of use. Questions should be 
asked as to wheW',er anyone uses car batteries to power other 
appliances--e.g. radios, which might also need a source of 
dependable water. LESO should consider the creation of signs or
 
other advertisinq to inform truckers and others that distilled
 
water for batteries is available.
 

Distillation plants of this type suffer from several inherent
 
technical prob6m".- Distilled water, although marketable, is of
 
very limited value, and a still can produce only 3-4 liters/
 
square meter/day. Thus to make the technology economically
 
attractive, the initial cost of the plant per square meter must
 
be low or the reliability and system life particularly high. The
 
susceptibility of glass to failure from stray stones or other
 
forms of misuse, combined with the problem of corrosion which is
 

.inherent in most systems containing residual water and high
 
humidity, does not contribute to the required long life of such a
 
still.
 

The present model selected by LESO after a series of laboratory
 
tests is low-cost, but has questionable market potential.
 
Regardless of tiis limitation, the technology should be assessed
 
from the viewpoint of providing high-grade water for specific
 
applications, medical and otherwise, where no alternative source
 
is available. In addition, the long-term influence on automotive
 
battery life should be considered as an-economic parameter when
 
evaluating distillation plants.
 

FRLighting
 

PV-powered lighting systems have been placed in schools or
 
literacy centers, maternity clinics, and night nurses' rooms
 
( . la .I des .gr dispensaries hospitals. is
! ) at or User data 

scant or non-existent. Systems placed in literacy centers, with
 
the exception of that at Bandere, are not in villages where
 
regular data collection is performed. The data we do have from
 
schools is vague: at Somo village, for instance, it is reported
 
that exactly 17 students of a 6e class spent exactly two and one­
half hours using the light of the system, 13 different tijnes in
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April 1984. All one can deduce from such a report is that 6e 
students have used the system regularly, perhaps on the dates 
recorded; but whether or not there were always 17 of them who 
always spent two and one-half hours is anyone's guess.
 

What is needed is observation by GI team members, with intervsiews
 
of schoolmasters, and stua.!nt, (and anyone else in the village who
 
might wish to use the illuminated classrooms when others are not
 
there). Literacy classes are apparently informal, led by
 
individuals who are not paid for their services, or at least in
 
any systematic manner. Is this so? Can lists of 
 those attending
 
be acquired or compiled, 5o that we can gain an idea of how many
 
may be profiting from the system? Through scrutiny of the lists
 
that have been kept, or through interviews with those teaching,
 
we might determine whether PV lighting has made jt possible for
 
more persons to attend literacy classes.is avail1t.le
 

In addition, GI teams should interview and 
observe those destined
 
to use the lighting systems. Can evening activities be
 
programmed through concerted of local school
a effort officials?
 
Would this best be done by contacting Ministry of Education staff
 
(or other agencies that may have educational outreach programs)
 
to inform them cf whtre P1d lighting systems have been placed, so
 
that these schools receive special attention in terms of
 
distribution of writte n materials or other supplies useful for
 
literacy courses or other teaching?
 

This RET, like all others, requires efforts to integrate LESO
 
inputs (hardware, explanation of use, study of use patterns,
 
upkeep) with other programs in order to achieve the maximum
 
potential forwsystem exploitation. GI staff should consider ways
 
to inform agencies which may have extension activities in the
 
area (agriculture, forestry, woodstove research health care,
 
etc.) that lighting is available at these facilities for use
 
lecture or meeting halls, distribution points, or other
 
activities perhaps best done in the evening after villagers'
 
daytime chores have been accomplished. E.n.g ._tJ....eii
inust be
 
encouraged to give more precise data as use. GI staff
to should
 
incorporate these PV systems in their series of planned long-term
 
fieldwork bouts, to observe use and 
interview those acquainted
 
with the system and those who might wish to do so.
 

One should determine when lights should be lit all night long.
 
Does this vary from night to night, or is there constant need?
 
Why are lights needed for such along duration? How does this
 
improve health care services? is the improvement in services
 
reflected in the number of patients seeking help, distance from
 
which people are willing to come at night, or other data? Are
 
night activities at the facilities programmed into the st~ffing
 
and salary schedules?
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Are officials at other levels of the hierarchy (lower levels,
 
such as in dispensary versus town hospital; higher levels, such
 
as regional officials who might include these services in their
 
reckoning of staffing, medicine distribution, etc.) aware of the
 
PET'5 pc.tential f r improving health care? GI staff should
 
interview such individuals (including others in para.Ilel
 
in5stitutions without PV systems) both to gain and to give
 
informat ion
 

At those health c.e facilities where PV lighting has been
 
installed, thIe Ioci of PstIznts whc have come for consultation, or
 
of emergency cases treated during the evening, should be
 
consulted to deterijne whether I ts ha ve imprcved 5ervices by 
enccuraginj nIIre per onc1sti t, seek tence at night. (Staff 
wilI a I r e a i p r e s c nE cf c h aTI i e We ;r us t d e te r mi n e t he 
outreach t uch fac l ties, tc determine how mamy may benefit, 
at I ea. t pt t eII t ia2 1 v ( cbv io1s yI n:,t everyone faIls ill , a nd 
those wh, d. dc not necessarily do Ec in 5uch 2 way requiring 
ni ght servi :e 

The ca;se cf the PV lighting system at N i:rc town hospi tal is more 
particular Zt ff want the system to a I loDw lighting all night 
long, whereas it is ized to provide a limited numter of hours of 
illumination Apparently, batteries were run down below the 
critical depth of dis Fharge, -arid-a new explanation was offered by­
the GI team, whD corrected the situation. More information is 
needed about the sort of application given to particular FV 
lighting systems. If a nurses' night station must retain lights 
on throughcut the night, then LESO should consider sizing the 
sys ten accordingly. 

Early systems installed consisted of off-the-shelf US-imported
 
products, principally from ARCO SOLAR and SOLAREX. These
 
systems, which in one case consisted of rechargeable portable
 
lamps and 8-watt fixed neons, suit the kind of installation.
 
Numerous technical defects identified have proved difficult to
 
rectify in Mali. Lamps provided were speciel, and neither
 
replacement paris nor schemati'c diagrams were readily available.
 
For electrical battery storage, the portable lamps provided used
 
gel-cell type batteries, which are not well adapted to long-term
 
use in the Malian climate.
 

Several lighting systems were combined with existing
 
refrigeration systems in order to provide emergency lighting at
 
health centers on an infrequent basis. Many of the problems
 
which have plagued the refrigeration systems-- particularly the
 
regulators, have also influenced the reliability of the lighting
 
systems. These systems, although of 20-watt rating, are fitted
 
with fluorescent tubes which are not readily available on the
 
local market, consequently, provision for special importation had
 
to be made.
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Based on this initial experience, LESO has imported a stock of
 
well-constructed DC fluorescent 
 lamps which will be coupled
 
directly to a 12-volt DC 5Durce, either in 
the form of an
 
automotiue battery or long-life deep disch'rso tte::e5
-
intendeJ specifically f:r stationary applications will-, be
 
recharged direct-ly by PV module5 ma'ched to the batteries, thus
 
eliminating the need for charge controlIer5 These systems will
 
be installed and operational by late '84 and will provide the
 
basis to compare cff-the-=helf imported systems with locally
 
assembled sV s-t em de igned 5pec if i : app] ic&,tionsr for 


TechnicalI .z-eament Cf F V, ight ig Ey teros is if ficul t over a 
short period unless zhing prcbIema are evident Indications are 
t ha t t he te . mcc p-.e n t E, i f ;!e I J c- I e - t e and we I J ma tched, 
can ofter high reliability Criter1a to emphasize in an 
e v a I u a t i f t h I a t e - hncl :g y s ho u Id L,e u z er - bi ased and economi c. 
A loncer-tein c ietIve cf 1.EC) i5 to manufacture the electronics
 
cc .pcnent of the DC Iamp thrcu gh a Ii enE ing arrangement wi th a 
US manufczturer ee thi. to materialize, the potential market 
Ic P7 light ing systems cul .be gni fica it ly influenced 

A valid project for comparIson i5 being implemented in Zaire,
 
where 75' g are being installed with certain
P lighting systems 

components l cally manufattoired. Furt h er information 
 on the ­

results of this project can be obtained from IT POWER LTD in the 
UK:, who are responsible for project implementation. 

FY Pumps;
 

Four PV pump5" are installed as a direct part of the USAID project
 
at LE50--two for irrigation, two for village use (human and
 
cattle); LESO and USAID have cooperated on others. LE5O has
 
installed and commissioned or has information about more pumps,
 
as well. Technical data is collected and analyzed at LESO every
 
three months. Needs for water by a given village are determined
 
by the Department of Energy and Water Resources, and the PV array

and system sized accordingly. What has not been done to date,
 
according to PV-Section members, is an on-site study of whether
 
the systems installed do indeed respond adequately to villagers'
 
needs. These were to be demonstration pumps, to indicate the
 
practicality, utility and reliability of PV pumps from a
 
technical viewpoint only.
 

There is data at LESO concerning a PV pumping system at fopti
 
installed in 1980. The particular history of this intervention
 
is illustrative of the problems LESO faced in getting
has its
 
programs operational; Phase IV staff should 
provide a vignette of
 
this in their report to indicate the difficult relationship
 
between LESO and its suppliers in the early years of the project.
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This pump 
 is to assist in irrigating 
five hectares
gardens which of market
were already served 
by a diesel
P" Pumping system was 
Pumping system. The
only able to furnish water
five hec.tares, but the to one of the
poor record of the diesel system 
with
regard 
 to frequent 
 breakdowns 
 led gardener5
concentrate to move and. to
their efforts within 
reach of 
the
pump, more reliable
The result PV
has been a demand


pump's output, 
for water far exceeding 
the
and gardeners 
have organized 
themselves 
to share
 access 
to water
 

This local organization (cf 
 the role cf
Ministry the gnij Luzxa
A Aqriculture, of the
who run
600Fiplct/garden) shculd 
the diesel pump and charge
be studied closely with regard 
to local
 mane g9emer t of P'Q 5Ystei
 

The apparept 
 succeEs 
 of the Mopti system,
technical with regaro
reliability to
and the 
 willingness
organize of gardeners
to mT nimize spread to
of its benefits, 
 does
the installation not mean that
has been a complete 
or "Simple"
fact, on success
one occasin In
l 
team members visiting Iopti
that the discovered
PV panels had 
been allowed 
to become
dust that so covered
the production of with
eletricity had dropped
insufficient to start the to a level
Pump. The 
old man responsible
upkeep explained fcr array
that the key to the 
enclosing
lost. fence -hd
The chief of enn­the regional coc.perative responsible
PV system had for the
not been infcrmed of 
this,nor had 
the president
the market gardeners (who had 
of
 

a spare key).
 
There seems 
a clear need for 
increased coordination of
and communication among management
interested parties. 
 PV Section
LESO complain staff at
that 
 they should 
not need
affairs, that to see to such petty
it seems the Mopti 
cooperative members
sufficiently are not
interested 
in the system to maintain
It remains it properly.
to investigate what 
degree of 
sensitization
time of implementation at the
might avoid 
or minimize 
 such lcss of

interest.
 

PV pumping systems 
were cited in 
the mid-project 
evaluation
high priority technology as a
for village water
advantage of supply. Taking
major advances 
in the technology
in terms over recent
of reliability, and 
years
cost, 
 system efficiency,
procured LESO has
four additional 
pumping systems, which
well-monitored will provide
guide a
of the technical 
performance
commercially of current
available 
 pumping systems 
in comparison
data available to the
on the four demonstration 
pumps installed 
 earlier
in the project.
 

The Photovoltaics 
 Group, responsible 
for
conduct regular PV pump monitoring,
site visits and 

system keep precise records of
performance the
up.n which 
to base a 
 technical
Due assessment.
to field instrumentation limitations, mainly availability and
reliability 
of totalizing 
flow meters,
been no continuous monitor has
maintained 
 for the 
installed 
 systems. 
 Tests
limited to have been
single day performance verification 
 testing.
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Many any of the criteria--technical, economic and social impact-­
will be developed by LESO within the context of a projet with IT
 
POVER INC. The principa! objectives of this project is are 
 to
 
develop a methodology for evaluation 
of PV pumping systems, test
 
the methodology in Mali, and then adopt this methodology al a
 
worldwide standard for an evaluation of PV pumping syst-ems.
 
Because of the specific natur of this project and LEBO's direct
 
involvement, it 
is proposed that the Fhase IV assessment use this
 
as a reference in the evaluation of PV pumping technologies.
 

More than O PV pumping systems of various types are installed in 
Mali. Few are monitored regularly, hut ni nima-l data does exist 
concerni rig reliabil i ty m -ior t e n =_ric a nd t c t a v cl ume pumT ed f cr 
many of the installed Eystermc Much cf this infr ration is 
available at LE:O, cr can be acquired from other organizations
 
responsible for installation and mcnitoring, and should be used
 
to supplement the findings of the RE pro.ect
 

If LEEO's aim is to determine which RETs are appr,.priate and meet
 
"real" needs, then sensiti7ation of viIlagers a5 to the means 
to 
ma x:imi ze ben e f i ts f rom the s yst em (including, of cours e system 
upkeep) must be underscored as a component of all projects T :. 
determine whether a PI/ pump responds adequately to the needs of 
kvil lagers, a study should be conducted to map the spread of use. 
Ideally, thIs should be done over the course of a y7ear -to -test 
sea s, na] change in water availability. A questionnaire which 
identifies users as to residence location in the village 
 might
 
respond to this.
 

Surveys making an attempt to determine quantities of water
 
consumed or used, and the purposes to which it is pu, are
 
extremely problematic (cf. material from the Tangaye, Burkina
 
Faso, PV pumping demonstration). A map of usage, on the other
 
hand, will allow LEBO staff to estimate who and how many in the
 
village profit from the installation, and where another pump
 
might be placed in the same village to complete adequate service.
 

The Mopti PV pumping system is well worth studying more closely.
 
.On-site fieldwork by GI team members should reveal how the.
 
gardeners have organized 
to share access to water, and how such
 
organization might be exploited by extension agents 
 to improve
 
system upkeep. Here, too, .the effects of 
a reliable .pumping
 
system might 
 have an immetfiate effect upon agricult-r-l
 
production, profits to gardeners, and the quality of life for
 
those within the nexus of benefits. Could drip-irrigation using

PV pumps be useful in the Iopti area? Could a combination of PV
 
pumps and solar dryers be implemented to maximize production,
 
preservation of crops, and eventual availability of foo tuf 5 L­
hunger-stricken northeners?
 

Phase IV researchers will evaluate data resulting from the
 
efforts of the G1 team during the final months of 
 Phase III.
 
Since PV pumps have not been studied closely during the earlier
 
parts of Phase III, it is likely that Phase IV staff will make
 
recommendations as to future directions in this regard.
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El Refricerator5 

LEBO possesses user data on only two PV refrigerators being
 
field-tested: that at Ntc:sso 
 in a Protestant missionary 
dispensary, and that at Ouelessebougou, which is one of the NASA 
Lewis Research Center series of demonstrations in conjunztion 
with the World Health Organization and the US Centers for Disease 
Control.
 

Data from the latter field test includes information on what
 
vaccines are Etored in the refrigerator, and hcw often they are
 
removed to give injections A problem surfaces immediately,
 
however. snipr there appears to be data concerning use of only
 
two vaccines: SATiVAT for tetanus. 
 and F3 for tuberculosis.
 
Are these the only ones of several cold-chain vaccines used? If
 
so, the questionnaire is Alearly deficient, in that it does 
not
 
allow the enqueteur, or perhapL does not encourage him, to
 
comment upon the lack of distribution of other cold-chain
 
vaccines. If these are not the only 
ones kept cold (or if other
 
substances are put in the refrigerator that do not appear on the
 
forms--which from other NASA experience, is highly likely), then
 
here again is the Df
problem incomplete reporting encountered in 
the improved woodstove surveys. This raises a larger issue that 
must be considered in the final months of Phase II and in Phase 
-IV. 

The deployment of PV refrigerators in Mali (and elsewhere--cf.
 
Gabon, NASA USDOE/GPG program for village PV power system5)
 
illuminated problems and differences among 
 a) a technical
 
experiment/demonstration 
 (desire to test a RET in different
 
climates, different eco-systems, different cultural milieux);
 
b)political priorities (need to distribute development benefit
 
equitably to all corners of the country, no matter how 
 far­
flung); and c) the realities of distribution logistics for
 
medicines, maintenance crews, 
and related goods and services.
 

If the goal is to test the appropriateness of a RET installation
 
(as in the first two considerations, the technical and the
 
political), then the last consideration (i.e. distribution)
 
requires that the first installations should be gtouped near 
some
 
central facility. In other words, if PV refrigerators are to be
 
proved useful 
(as we all hope and expect them to be, in a domain
 
of such critical necessity), then from the start the practical
 
matter of distribution must 
take precedence in site selection.
 
If the distance between PV refrigerators is too great, it is
 
impossible to base a cold-chain distribution system upon their
 
use. If, on the contrary, they are concentrated, then a campaign
 
might be envisioned, using them as reference points, for stocking
 
the live and perishable vaccines--e.g. measles--for which they
 
were created.
 

In any case, LESO must work closely with Ministry of Health
 
officials to maximize use of the refrigerators as points where
 
vaccines may be held and used, 
 not only within the immediate
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vicinity, but outward from 
there using cold boxes (alacijere ).

LESO staff should coordinate their efforts in this regard with
 
those of such projects as the mother-child health programs in the
 
Bamako area, for which 15 PV refrigerators will be deployed (Dr.
 
Peter Knebel, USAID).
 

A further promising use of PV refrigerators is being tested at
 
Gao, as an element of a veterinary program, for the storage of
 
vaccine: against bovine plague and anthrax. The
 
particular refrigerator installed at Gao has had technical
 
difficulties, and as of this writing, 
 has been brought back to
 
LESO for further reseach and repair of its shortcomings.
 

A further protlei has surfaced with regard to this particular
 
application. Veterinary staff wish to have a refrigerator 
which
 
nct only conserves perishable medicines, 
 but which will produce
 
sufficient ice to allow distribution via _qI.Acj__ during

vaccination ca mpaigns. LESO staff should determine the extent
 
and nature cf this need; can an existing system be adapted to
 
produce greater quantities of ice, or does this require new R&D?
 
If the latter is the case, 
 then this might be the basis of a new
 
PID; for Eurely, cattle must be considered a significant resource
 
of Sahelie.n courttries like Mali , and this might be an input of
 
substantial long-term value. Furthermore, ice-makers could find
 
other uses in human " va~cYn8-tlof' rbgramts using existing PV
 
refrigerators as storage centers.
 

LESO has installed three off-the shelf-PV refrigeration systems

and procured, back in the beginning of the project, 
four zeolyte

solar thermal systems. 
 The zeolyte systems have not been field­
installed because laboratory tests proved that the technology was
 
totally unsuitable and inadequate to provide cooling for
 
refrigeration in the Malian climate.
 

Of the three PV.5ystems installed in '83, long-term reliable
 
monitoring and data are available from one 
system. The two other
 
systems have both displayed frequent unreliability due to
 
technical defects, most of which 
have been within the voltage

regulator circuit or 
 compressor controller circuits and are
 
primarily electronic. Occasional defects have been 
 identified
 
within the cooling circuit itself. The PV modules providing power

have been 100 
per cent reliable. The batteries used for energy
 
storage have also in-many cases failed prematurely.
 

Based on this early experience, LESO has procured two further
 
systems which promise to eliminate most, if not all, of the
 
earlier technical defects identified. These will be installed and
 
available for assessment within Phase IV. LESO has 
 also
 
participated in the NA5A-LEIS world program 
 of refrigeration
 
testing, and together with NASA representatives, has installed
 
one refrigeration system in Mali which 
 is extensively
 
instrumented and monitored on a regular basis. This plant

provides 
 excellent data for technical assessment of PV
 
installations and can be readily compared with other
 
installations elsewhere in the world.
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Many of the difficulties stemming from refrigerators are user­
associated and require careful review and 
 a possible

recommendation for design change to reduce the of
sensitivity 

systems .to misuse and u5er abuse At present, data is being

collected concerning the number of times the refrigerator., are
 
opened, and some notation is made as to the identity of medicines
 
being preserved.
 

Such scrutiny needs to be e:xpanded to include interviewE with
 
staff of the health care or veterinary staff using the appliance,
 
to determine needs met or outstandin.J Patient consultation
 
records ahould be checked to verify the data collected ctherwise
 
about vaccines stored and used. Most importantly, a sense must
 
be gained of 
what eff :rts have been or could be made to maximize
 
the integration of the existing or planned PV refrigerators intc
 
programs of medicine diffusion anJ campaign5 of vaccination The
 
PV refrigerator questionnaire fiom Guatemala, in the possession

of the GI team. c:,uld form the basis of directed questioning by
 
Gi staff at field sites, tAg-in, more substantive responses are
 
needed than the figures we now have at our dispositicon.
 

The possibilities for a PET medical system shc,uld be explored, 
as opposed t3 LESO's deployment of individu-l part- -f - system.
This api ,ach has been followed by NASA Lewig' Re e~rch S7s tem, - in 
collaboration with the Lorld Health Organization, 
the Panamerican
 
Health Organization, and the US Center for Disease Control. Data
 
on these efforts is available fror', AE."_ orr 

Much significant research is underway in this field, and LESO
 
should partrcipate it a liaison between
in as Malian and
 
international efforts. Study should be conducted of the totality

of energy inputs that could upgrade the quality of health care
 
provided by a given type of facility. RETs already under
 
consideration, by LESO, such as PV lighting, 
 radio transmission,
 
refrigeration and water pumping, plus solar water 
heating, might

be considered as an ensemble. This must be done in close
 
collaboration -with Ministry of Health staff, however, for
 
dispensary or provincial hospital personnel will 
need re-training
 
to exploit the davices fully in their daily consultations; and
 
regional or national staff of vaccination, or other wide
 
campaigns, must be sufficiently aware of the potential of these
 
installations to integrate them into their strategies.
 

Again, it is likely that Phase IV evaluaturs will need to
 
consider not only what has been done to date, but also what may

be done in the future in this promising and critical area.
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As defined in the Project Paper, a PV-powered grain mill for
 
village .use has been obtained, with assistance from NAEA LEWIS
 
Research Center, for installation in Tonfa. This latter 4.E a
 
village a conv.enient distance from Bamako, so that LESO staff
 
can assist in case of technical difficulties, and near Bougouni,
 
the zone of Phase 11 studies and Phase II1 PET deployment Tonfa
 
has had no diesel-powered or other grain mill.
 

The PV team at LESID need to know if Tonfa %iIlagers will have 
sufficient funds at their disposal to use the mill. Who will use 
the mill? Whc. will profit m:.-t fr CL. it5 in ta 1 atJ0n) Iie t are 
factors by which villagers' wealth can be determined, so that an 
estimate of who rifight use the mill, versus who eventually does, 
can be established? 

These and other questions were studied in the NASA/UEAID Tangaye
 
(Burkina Fasso) PV grain-mill demonstration, and indeed, LES0
 
staff visited Tangaye during Phase III to see the installation
 
for themselves and to interview the station manager, millers, and
 
other interested parties. In devising a research strategy for the
 
Tonfa mill project, care should be teken, to the degree possible,
 
to- avbid pitfalls of survey design identified 'irF "te var-ious
 
Tangaye sccial impact assessment reports (Poberts 1980, 1982).
 

Doubts exist as to whether the present system, sized to operate
 
about three and three-quarters hours daily, ig sufficient to meet
 
villagers' needs. Extra funding will be required to make changes
 
in the system" to rectify this seeming shortcoming.
 

The PV team wonders whether Tonfa villagers can be encouraged to
 
contribute funds for this. Other villagers in the course of other
 
development projects have been known to make initial capital
 
investments; yet there has already been a four-month delay in
 
installation from that date promised the villagers, and N'to
 
Diarra suggested that this may have resulted already in a loss of
 
confidence that would preclude villagers' willingness to take the
 
risk of investment. Perhaps the building for the mill should be 
completed first, as a proof that LESO will, indeed, meet its 
commitment, he concluded. 

It should be noted that at Tangaye, when the PV array and mill
 
type were changed to increase milling time and thereby better
 
meet villagers' needs, the result was not altogether expected:
 
some Tangaye residents were able to use the mill more regularly,
 
but the larger mill ( strong enough to grind corn to a fineness
 
which other, diesel-driven mills could not achieve) also
 
attracted people from an estimated radius of 30-40 kilometers
 
from the mill station, and capacity was still exceeded by demand.
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One of several facets of the installatioi having wider
 
implications than the project itself is how villagers organize
 
themselves to manage the mill. its functionii,g and upkeep, and
 
the collection and eventual disbursement of funds from milling
 
fees charged. Again, this was a focus of the Ta-ngaye
 
demonstration, and useful parallels might be drawn.
 

Specifically, LESO should ass.,st Tonfa vilIa gers in this process 
so that tasks are assigned on a day-to-day basis, access to
 
milling is made as equ t be as p,-ssible, and feef c: I,cted are 
channeled into further development of the community In this
 
last regard, viIlagers c,Dul be told early on that when they have
 
collected a certain amcunt of mncriPy from mill ing fees, LESO will
 
be prepared to help them Purchase and mn-tl ] a PV piITp or ccme 
other RET applicaticns that would fit a need they themselves can 
define. In this w3y, the PV mill instal lation is not a one-shot 
project, but the beginning of a prograin of comrtuni ty development 
that the vil ]agers themselves manage and shspe
 

This, in turn, might provide an option for donor development
 
agencieas: an in itial capital inv es tmen t gift to sp cn s or a mi II,
 
the feeE from which--little by little, to be sure--will then
 
allow villagers themselves o support further RET installations
 
for which -ftindifig-will benecessary. If the Tangaye experience
 
is any measure, villagers are able and wiliing to take such
 
initiatives.
 

The mill design at Tonfa is based upon the learning experience of
 
Tangaye, where NASA have now for four years operated 
 and de­
bugged a co'mbined PV mill-pumping station within a village

environment similar to that of Tonfa. The principal differences
 
between the installations are that the LESO installation at 
Tonfa
 
is limited to milling; there is no pumping component.
 

Although the first of its type in the region, the installation is
 
expected to demonstrate a high reliability, principally as a
 
result of the c-lose collaboration with those responsible for the
 
Tangaye installation, design and follow-up program; and also
 
because an extensive study was performed to size the plant. Based
 
upon operating experience, the control circuitry used to provide
 
an interface has been substantially simplified from the initial
 
system designed by NASA. The PV array is mounted on the roof 
of
 
the millhouse as an additional protection measure and to optimize
 
the comfort levels through a passive solar architectural design.
 

One aspect of the mill design is the retention of adjustable

modules in the east-west axis. This feature, built in to the
 
installation at an exceptionally low cost because the module
 
supports were designed and manufactured at LESO, will enable LESO
 
to determine within real operating conditions the net advantages
 
of adjusting tilt.
 

This system will be operational during the Phase IV assessment
 
and will be closely monitored by LESO throughout the period.
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Although long-term monitoring will not have been performed, the
 
short-term results can be compared directly with the results'from
 
Tangaye to provide accurate indicators of the mill s potential
 
long-term performance. The economic5 cf this installation
 
require careful review. The plant was partially procured from RE
 
Project funds (2.5 KW array and battery bank), and part-ially
 
donated by NASA.LEWIS (hammer mill and ccntrol circuitry).
 

Scepticism regarding the economic potential of PV mills can only
 
be allayed it careful measures are taken in Phase IV to assess
 
the real operating c:sts of alternative technologies--principally
 
diesel mill (horn., aly available in urban environments) and the
 
traditional mortar End pestle (which ha= no direct economic
 
comparative factor, but can be trans5forrmed into a time
 
equivalence).
 

The plant in Tonfa is equipped with adequate instrumentation to
 
perform b.cth a continuous monitor of energy-generated/energy
 
used, and spot checks of sub-system performance. This data will
 
be available for assessment.
 

Phase 11 data, and probably the protocols in particular, should
 
be scrutinized for pertinence with regard '- the nature of 
women's wealth that might allow them to purchase the services of 
A PV-m1-1 [t-T-bfa-. GI team member M. Dembele-h5as- exressed the 
wish to study the village carefully with a specific baseline 
survey, but believes that t:me .nzI- .1' may preent this. 

The various Tangaye (Burkina Fasso) PV mill demonstration
 
assessment5 (Roberts 1979, 1980, 1982) should be scanned, and
 
those variabl'es and procedures which seem most reliable and mo5t
 
useful to LESO aims should be singled out and pursued. Mapping
 
residence locations for mill users is a first step. Perhaps a
 
researcher with training in the social sciences (from IER, the
 
Peace Corps, or some other Malian or eRpatriate organization)
 
could be engaged to study Tonfa in depth. Such a study, with as
 
one goal the comparison with Tangaye findings, would be useful to
 
Malian and to wider, regional energy planning.
 

Such a researcher should conduct at least a Year of fieldwork
 
resid.ing in Tonfa itself. Reference should be madel to the goals
 
of tLhe orginal USAID project as expounded in "Studies of Energy
 
Needs in he Food System" (TAB Regional Project, No. 931-0234) and
 
the Tangaye PID (Meyer et al, 1978, PID No. 686-0234, AID Ouaga).
 

Should it prove impossible to conduct a long-term, in-depth study
 
such as that suggested above, crucial on-site research can
 
nonetheless be undertaken by the GI team. Using the Tangaye
 
studies as a model, interview4s can be conducted and observations
 
made as to how people organize management of the mill; guidance
 
can be given as to how to collect, bank, and disburse funds for
 
further community benefit. Tonfa results could be publicized, as
 
long-term results are obtained, to indicate to potential donors 
how an initial investment can lead to community-based 
development. 
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Several prototypes of battery ('D' and 'C' ce]]) chargers have
 
been deneloped; 
 one can rechaige toup 40 batteries, while a 
smaller model can handle five at once. LEEO has only just begun 
to deploy these,, in two villages of San Zone, and results so far 
are few. 

Some questions from Maubrey's questionnaire (e.g. "Would you pay
 
more for longer-life batteries?") elicit such idealized responses
 
as to be of little use. Nor has a stratemy been chosen from
 
among the several propose , for how and by vjcm initial capital
 
investment for the Pw1 EyEtem and Ni-Cad rechargeable batteries
 
(estimated at ab:ut 115 fr a 5-battery charger) is to be made.
 
Should the system be purchasd by a merchant, who then sells or
 
rents batteries? 5hould systemn be given at first, to test their
 
appropriateness in the rural market? Should batteries be sold by
 
the merhcant at full price (higher than off-the-shelf ordinary
 
cells) with a slight recharging fee assessed, or shculd the
 
merchant charge less than the battery price, and then assess a
 
higher recharging fee to recoup his initial investment? Can one
 
of these solutions be appropriate for all settings, and can LESO
 
impose a single marketing strategy on merchants? The chargers
 
mmight also be consfgned to-n1r.nr, hAn-ts, but then this would
 
compete directly with established trade.
 

With the above unresolved questions in mind, there is another
 
technical datum which has yet to be established, according to the
 
GI team: the life of a charge. Does a recharged battery last as
 
long as a new, ordinary one? Does the recharge life decrease in
 
direct proportion to the numbey of times it has been recharged?
 
Such factors will determine the convenience or inconvenience of
 
system use, and, in short order, whether the RET is accepted by
 
rural battery-users. The GI team believes that this RET is not
 
yet au kpjnl, or at least that an overall sense of its purpose
 
and possibilities has not been estabjished.
 

Other issues arise. If the chargers are given to merchants, then
 
one cannot know whether they would be purchased (i.e. whether
 
merchants would be willing to take an initial risk). If they are
 
not given away, can we be confident enough, not only in the
 
technology itself, but in the way it will be adapted 
 and
 
interpreted by villagers, that the merchant is, indeed, taking 
a
 
sufficiently qualified risk?
 

A study is necessary to determine the ratio of battery sales 
 to
 
batteries brought in for recharging. If customeers encounter a
 
significant bottleneck, forcing them to wait several days to
 
ren.aperate their batteries, 
 then they will most likely return to
 
ordinary battery purchase. Even if an alternative strategy is
 
chosen, whereby the customer trades her/his batteries in for ones
 
already re-harged, the same bottleneck effect may arise; and if
 
battery recharg; life does decrease proportionately as the number
 
of recharges increases, then the inconvenience to customers might
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prove overwhelmingly complicating. ( Someone trading in twice­
charged batteries with a life of X hours would not 
be happy to 
receive in exchange 15-time charged batteries with a life of only 
Y hours, where X is of obviously greater mapnitude than Y ) 

The battery charger, entirely designed within LESO,. ie
 
constructed in. a modular form. The modular form 
 permits easy
 
system expansion in increments of five batteries as the demand
 
increases. Additionally, each charge module, which accepts up to
 
five batteries for recharging, possessese independent ele'tronic
 
charge circuits fo- each battery, which guarantees that the
 
charge rate is established for each cell as a function of its
 
state of discharge This assists in optimizing the life of the
 
Ni-Cad cells. A plug-in/plug-out arrangement for each cell charge
 
controller has also been designed to facilitate extremely simple
 
field maintenance.
 

LESO has the capacity within its central laboratory to trouble­
shoct, rebuild and calibrate defective charge controllers. This 
technology, although economically attractive, may well be prone 
to svere user-associated problems, :nd because f its newness, 
may also encounter technical difficulties either associated with 
man3puJation or operational reliability. THese factors require 
careful study, since if user and performance problems are 
diagnosed and rectified-early-wTthin Ihefield testing phase, 
then the technology potential wil become principally a function 
of economics, thus vromising to make this a very competitive 
technology. 

Data from the Phase 11 baseline, should be scrutinized, and
 
additional imformation sought, as necessary, concerning ordinary
 
battery sales over a period of time, prior to installation of a
 
PV charger in that particular village. The strategy eventually
 
chosen from among those proposed should be documented carefully
 
so that if it proves troublesome, an alternative choice can be
 
tested. Sales of rechargeable batteries must then be logged, with
 
date and identity of purchaser (name, profession, location__of
 
residence). Sales of ordinary batteries in the same village
 
should be moniored. Special care should be taken to note the
 
date and identity of customers retuTning for battery recharge,
 
and how long the customer must wait to receive recharged
 
batteries, if this proves significant according to the
 
implementation strategy"chosen.
 

Interviews should be conducted by GI team members while
 
engueteurs collect the above data, to obtain more 
 substantive
 
opinions of merchants, system users and those who choose not to
 
subscribe to the system. The identity of users, recorded as
 
above, is essential to interviewing. Merchants may be willing to
 
asist in data recoding, if they recognize an incentive to do so.
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The matter of small business investment in rural Sahelian
 
countries has been studied by USAID/Ouaga through a project in
 
the late 1970s/early 1Q80 5 implemented by Partners for Progress.
 
Results might prove interesting when LES0 considers how merchants
 
and customers can be induced to make initial investments; and
 
such thought might lead to LESO proposing some wider progrram,
 
based on battery chargers and other RETs, that a donor
 
agency might suggest to increase small-scale capital building.
 
Loans made to rural Imerchants through a progrAm like that t 1t L 
in Burkina Fasso, for instance, might be earmarked for RET 
implementation. 

Wind Pulmp-


After testing available models of wind-dri;en r:na yst_:as,-. 
LES0 is perfecting its own prototype, constructed entirely from 
locally available materials. The system requires minimal 
maintenance, although the pump piston is prone to Repairswear. 

of this nature can be made by the Water Resources Department
 
field staff, with the assistance of local blacksmiths.
 

The most challenging problem to date has been determining average
 
wind speed in particular settings. Although wind north of the
 
14th parallel is theoretically sufficient to drive a windmill
 
such -a- - t-he LE5 0 pro totyp (i e . , in Gao and -Ni4r Z~n s ,­1 

micro-variations may occur. LESO meteorological datapoints and
 
other measuring devices should correct this lack of critical
 
information, Locations south of the 14th parallel may also lend
 
themselves to this RET--cf. San Zone, where market-gardeners
 
might profit from it. Wind-measuring there to date ,proves
 
promising, but inconclusive.
 

Except for diffsrences in maintenance demand (wind-driven pumps
 
may require le6s maintenance than PV systems), wind pumps and PV­
powered pumps should receive similar social impact assessment
 
with similar strategy. Archival research might prove useful here,
 
since in the last years of the colonial period, the French
 
installed a zeries of windmill pumps which were problem-prone and
 
allowed to fall into disrepair and disuse after Independence.
 
Any existing documentation on this program would be of immediate
 
interest to LESO and may be accessible through French development
 
a.gents.
 

The great advantage of wind-driven over PV pumps is that all
 
parts of the system are immediately available or can be
 
constructed in Mali. This RET, then, may well prove an important
 
element of commercial growth as well as rural development
 
strategy, and once systems are in the field, close scrutiny of
 
their operation and acceptance should be pndertaken by LESO.
 

Development of a product in LESO has been long and difficult, but
 
has provided an extremely valuable learning experience which
 
promises a locally manufacturable and maintainable windpump which
 
is well-engineered, reliable, and not prohibitively expensive.
 
All construction materials ar.e available on the local market.
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Developmental programs began with laboratory and field-testing of
 
a low-technology windpump manufactured in Segou and with a design
 
review of U5-manufactured wind-pumping systems with potential for
 
local manufacture. The low-technology model waE both unreliable
 
and complex, and manufacturing problems were associated -with
 
acceptance of US models. ThuE LE50 was forced to embark upon a
 
program of design which would eliminate the problems of
 
unreliability associated with the low-technology approach and
 
avoid unnecessary manufacturing difficulties.
 

LE-0 has now extensively fied-tested a three-meter diameter
 
pumping system intended for working heads of less than 10 meters
 
and h5s a.lncst completed the c.nstruction of a four-meter
 
diameter multi-bleded system intended for heads of up to 40
 
meters. Both of these systems will be operational during Phase
 
IV. If the field installation program maintains its schedule,
 
then several other units of the same type will also be field­
installed to increase the testing sample.
 

41indpump design and manufacturee is in itself a major
 
technological undertaking. The results which will be available
 
within the fren,ewor-k of the RE project can only be considered
 
preliminary, but should be adequate to provide clear indicators
 

-forthe potential of local Tanufacrure - In production 
quantities, since both the engineering aspects of products will 
have been studied and an accurate economic base established. 

Continuous monitoring of the field-installed system has not been
 
done. Monitoring -has been limited to a series of one-day
 
periodic assessments upon which system performance can be
 
determined. An essential parameter required with any field­
installed pump is that of totalized flow, which, combined with a
 
precise knowledge of system performance, can be extrapolated to
 
determine the local wind regime.
 

An extensive review of technical and economic viability of wind
 
pumps should-be;made during this assessment. If well engineered,
 
they can be extremely competitive with alternative technologies, 
especially in the area of one important rural need in Mali--that 
of water pumping. 

Improved Woodstoves
 

Throughout the Sahel, a major effort is being made 
to coordinate
 
firewood conservation projects with reforestation. Improved
 
woodstoves 
play a major part in this effort. LESO has lab-tested
 
a serie5 of prototype improved woodstoves, which are now being
 
tested in the field. Resources have been concentrated on metal
 
stoves partially designed within LESO and now made in the LESO
 
shop. These stoves can eventually be made from readily available
 
raw materials elsewhere in Mali as a commercial venture. They
 
overcome some of the problems of massive or other fixed stove
 
models, while maintaining high fuel savings and providing and
 
convenience to the cook. Difficulties persist, however, in
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measuring the degree to which village use of tie stoves provides
 
fuel con5ervation; it is hoped, of course, that savings will
 
approach those obtained under laboratory conditions, but
 
determining this has proved very problematic
 

During Phase 11, village wood consumption was estimated in-each
 
zone according to questionnaires devised by Dolores Koenig; it
 
was against this data that changes, were to be compared to
 
register fuel consumption savings, with further comparison to be
 
drawn with lab tests of the improved stoves Regis Maubrey
 
c mp -seJ que3t nriaiiez for Fe-vers !- Pc,rtatif5 -LrAP.1 
te5ts to be carried out durinci phase IlI Because of delays In
 
implementing other RET app,lication& planned for Phase Ill, a 
diSprc,p orticnste amc,unt .f interviewer time Wa s spent on 
following up FAFs, to a degree unforeseen in early phases of 
project p1 5nni nc. 

A great deal of data frcm completed questionnaires has been
 
amassed. Consultant Erooke S.-hc. epf was to work wi th 1ohEmmed
 
Dembele to find a suitable computer program to analyse this
 
information; 5chcepf's rep,rt explaining methodology for this has
 
not been received at LESO at the time of writing. A test-case
 
computer analysis effected ty Dembele c, a cmall sample of FAP
 
data found no significant difference between FAPwood consumption
 

V.trn a d, three-sttn - hezrths -(Tcver5
"traditional" 

Traditionnel. = FT) in the same villages Th data was, however,
 
neither complete enough to allow explanation of this finding, nor
 
reliable enough.
 

The. main deficiencies of the existing data are as follows:
 

a) Many variables have been recognized as affecting fuel
 
consumption, including cooking habits, location of 
the FAP within
 
the compound (susceptibility to wind), specie5 of wood used,
 
amount of grain cooked, and whether other activities are
 
undertaken during cooking. All 
of these may offset savings
 
measured under the controlled circumstances at LESO.
 

b) The reliability of data depends on the reliability of the
 
person, recording it. Schoepf examined points of this sort from
 
Koenig's reports, and expounds upon them. Tardiness or absence
 
of an interviewers on .i given day may be masked by invented
 
"data." Difficulties of this sort highlight problems of
 
management of field staff by the GI.
 

Visits to 5an and Bougouni zones between July and September 1984
 
showed considerable dissatistaction among interviewers about
 
supervision procedurcz for tw:-r 'ork, and about the lack of
 
feedback on overall survey progress, which might have given them
 
a sense of purpose. GI staff have taken measures late in Phase 
III to rectify this by scheduling longer stays at given sites; 
this manag:Sen trt .t: .! dovetails with the emphasis of the 
revised research plan to conduct fieldwork on selected RET
 
applications for longer periods (10 days to two weeks).
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c) Reliability of data is also dependent upon the nature of 
social relations between _nnqe_te ur and cook To take but one 
example, the amount of gra in being prepared hats been determined 
by asking the cook, who responds in local unit-E cf me,3.ure These 
rough e.stimates are then conv1,erted t,. k ilograms" by the 
en uee uL. The re=sult is pprc,:imate a! te.t According tc. cGI, 
economic considerations further complicate the is ute to disquise 
their poerty, :cne househclds may irdic. te they are uSinJg larger 
amountsE of tn they actually are Such f-.: tor E undoubtedlygrai thaT 
biased sc,me c( Kcenj P ' base ine resul t w* II sS those of 
Pha=se III a ma tter for ev e- u2 t icn dur in Ph a e IV 

o T n PP J ta fuel 11 
tradi t Ion: 1 hear ths FT. ) H , !.nrt T u- ted p-i t ic p;_ntE to 

d ) To t C St '. I on .: tP C-T be tween FAP -nd 

E .1 rev 

cook f ,r teh J y C.1 an IJ)IIni :.ve 5to'e, her rettuLn in the 
following d dayL to use ot E -I,., .L~n.2i i team 

membera subsequent l decided ths reE-earch met h d was
 
-
unaccept.Ible, both in teiniI f the Je1 nd n,5de on the 

participats and the feffct- on test results 

e) 'la IiaF1wcme 1n use a r an e oI p tE F -r mp rehens v v a ge 
testing, .L-_ am-1i.sre- onding each mustY.r_. c,, resp, to pot be
 
installed in p ,rticipating hous5eholds (MaZximTTuin efficiency can
 

only be achie'.,ed if there is a "correct" fit between p-Dt 3rid
 
_
FAP) Th iEas hc I however, achieved during Ph.st 111 Data
 

collected so far cannot always be rel ied upon to di 5 tinguich 
between households u iiq FAPs exclusively end those using a
 
cormbination of TAPs and FTs. This oission w,,,ill cearly affect
 
the fuel savings recorded.
 

f) Finally, FAP5 were given to participating households for the
 
purposes of the research. It is therefore impossible to say
 
whether these same households would be willing or able to
 
purchase an improved woodstove, under non-research conditions.
 
Sdith the present price of FAPs (about 4000 CFA, or a little more
 
than S8),it is unlikely that rural Malian women will have the
 
capital to purchase a complete set of FAPs in the foreseeable
 
future.
 

GI staff have revised the methodology for village testing of FAPs
 
in order to overcome some of these difficulties, which have been
 
recognized in a series of reports, including the mid-term
 
assessment and Schoepf's work. The p.oposed changes are outlined
 
in a trip report of October 84 .It is unlikely, however, that a
 
clear-cut proof will emerge of the effectiveness of FAPs on fuel
 
saving in a rural setting.
 

Phase IV should examine the evolution of research strategies over
 
the life of the project in relation to results obtained, since
 
the problems encountered are also of interest to development
 
anthropology in general . This should be borne in mind by Phase IV 
evaluators, both in their assessment of the project and in the 
dissemination of results. The problems encountered in testing 
this one RET should not lead to a negative interpretation of the 
entire field-testing program. Rather, as with any scientific 
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experiment, fai lure can revea I as much or m re than "succeSs" 
hopefully, what we have leerned from the present generation of 
energy projects (including that at 'fangaye) will lead to 
improved methodologies and avoid the repetition cf mistakes 

LEEO ha5 approvimately 10C' 0 stove- installed and T1:nitcre , in 
rural applic&t ionC. The engineering Sample generated has provided 
accura t e i nformat i on on man u f a c t ur in g cc. t a, I me I e v e I of 
effort, machine tool need.- and many other factors, including 
perform.a.nce ilme asu1ement "tsithin laboratory er,,ronnment5 

What has not been atten, pted wi th in the framework cf this pr. Iect 
C.be E 5 r for ur. E t :ve PrI'Ci C beau it ' r anus d an a n t 

impleM-enteJ by EE C nd 'I T..I i the traT t rnEt i n 0f the 
present mietalic -zt -.!e irtc. r,r du: tic Y unit. ',hi:h rJ-ai,N- I ill 
almost certainly ;r ay f u n,- ti , tc n ;_,,! a i I aL I e andva a ion t he tg 
the e c n Cmi c s t a n d ing f t he user I n e i t i 5 n t &n tic ip ted 
there will be one stand rd st,1,,:e The need for t .ve quality may
 
well vary acro. s the market rsnjinq from a cheap D on too dur ble 
model to a more cc.stly product demc.natratin g higher efficiency 
and extreme Jul a b 1 ty The=e fa tcr% will be adressed JL:ring 
the VITAiLEED urban Et.ove project schedule to begin in the Qpii ng 
of 8 V I nr u t f r,:.ni t h i5 pr c,.e.. w iI I be av ai I a tIe f o, . a sEesam en t 
during this evaluation 

The technical perfcrm ance of improved w-od_ toe5 has been well 
establi-hed The life of field installed metallic stoves has not 
been studied in depth, but many projects, both in Mali and
 
regionally, are available 
 and can provide information to
 
supplement the findings within the F.E project.
 

LESO has purposely avoided involvement in the one-hole mud stove
 
commonly referred to as LOUGA, since this unit is being
 
extensively field-introduced by Peace Corps and is available for
 
comparative reference in this context.
 

Improved woodstove5 have been a popular technology with many
 
projects throughout the 5ahel over the last five to seven years,
 
but it is only now, after more than five years of disappointing
 
results and disillusioned users, that sufficient is understood
 
about the engineering, training, and user aspects of the
 
technology to avoid the earlier pitfalls and provide a product
 
which is needed and accepted within the rural and urban market
 
throughout the Sahel. An assessment of LESO's involvement,
 
findings, difficulties and the cost of this extensive learning
 
experience must all be parameters for assessment.
 

72
 



kPEtJMIY 
DIRECTION
 

Section Recherche 
Section Ingenierie

et Production 
Section Administrative 

et FInanciere-

Greupe Atelier et Secretariat 

Photovoltaique Travaux 

-- - - - ---- --- - - - - - - - - - - -

[ Pool Dactyl. 

Groupe Ingenierie et Planton (5) 
Solaire Thermique Intervention 

Cemptabilite Hatiere 

Groupe Etudes Soci.- Acheteur Magasin 

Biemasse Economiques 

Comptabilite 
Financiere 

E. Goue j Budget National 

[ Bibliotheque 

Groupe Instrumenta-

Personnel
tions et Mesures 


PRoPoE-M ORGANIGRAM 
73.
 



E AC 1, r7--,0 f ' 1O ,ir 0 IJIENTA 

ti!_Ii P.Pnewkble En erci Pri , el £ __er, HammonJ, ooi , Spooner, 
5teedmnan, SyII a, June 1Q76 

Mid-Proi-CL EF lu2 t i E e, rrt , Fall Kooi, Stier, Graham,May 1982 

Enerav_ U ip, F!_hLtf of §fSJ Preliminpry Results_ (drzft), 
Koenig, March 1983 

negV_ L_ n ReArqi,-nE ALA Bo u n IL liminary- Ib-r- DI Bd _U Prex 

R.e_ uit. draft) , KDenig. January 1984
 

fa~em_ _: 1L- L t F l a.on U-LEjL EreLi-minaxrv i-_.L . (dr a ft),
 
Koenig, February 1964
 

"Wc men, £Jorh and Energy Use in San", paper to the As-- 7ciaticn of
 
I-.meri in DI-eveIcp j-ent, UcSA, },.enig, Cc tober 19E,3
 

Energy L -A - ia Yn._ _iI. q A Pr !iminary Pp iort, Koenig, 
August 181 

PefIe-,izi.,n 1-I Con,_ ton d- Pr .--t5 Entii F- Jau.P. po ur IE 
PaYE L-I _ ..]- Peent, e_-,enig, Augu=t 198 0 

Trip .eport, _-en. ALugust 1960 

3 Trip ;ep-,rts, Kcenig, 1981-82
 

"1lcnitoring N,.: Energy Technologies" (trip report), Koenig, May 
1983 

"Battery Use in San" (memo), Koenig, November 1982
 

Trip Report: San, Gao, Dire, Anderson, Taylor, Mattern, March-
Apri 1 1981 

Prelimi nary Fvaluations. Lao. 7one Energy Survey, Cashion,. May 
1982 

Trip Report, Roberts, May 1983 

B.Rpport _LL Consultent en fpeherches auX l'Lmpa.ct da5 T, r F 7ec 

.LE.1 Diffuspes 2 - Milieu Purale, Schoepf, August 1984
 

"Projet Energies Renouvellables Annexes" (4 IER reports),
 

Coulibaly and Cisse, received November 1984
 

Zone Controller Reports (as available)
 

Groupe Intervention Mission Reports (as available)
 

,'tsorted documents on individual technologies and how to conduct
 
si"ies, instructions to interviewers, etc., Mtaubrey, December
 
1983
 

74 

http:l'Lmpa.ct


A I.D. Poljcv Paper Energy. July IQE4 

Country DevPlo rpment 5-Lr&Li;_ . 5_?._, L_ U f2.5. Mi and update rY 
86 

LESO Techrrical Report5 (17)
 

AI Qu.rterly Rep'.rt5
 

Project Engjneer Mlonthly Reports
 

Zone Advi-.or Plonthly RTeport5
 

GPM Fivze-Year- Plen 

TRANSEERG Report 
-Synthesc - Rapp.z,rt Fjnale 
-Anne:.:e IV (FE Technologies) 

CRES PrcgraMrnM.tion (Nationale et Regionale)
 

IT PO',EP ' Fu;np !Methodolc-y Ito be published Spring 1965)
 

SAI Final Report
 

5AI Consultant Reports (Cf. SAl Final Report for complete
 
listing)
 

75
 

http:Advi-.or

