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DICKO

Groupe PHOTOVOLTAIQUE

CHEF : N'TQ DIlikia

ING, : Mam. DIARRA

Ousmane SOUMAORC

: Abd, TOUNKARA
S131 DIAWARSE

TECHN,

Gr. BASSES TEMPERATURES

Chef : Cheick TRAORE

[TECH. : Abc, DLMBELE

Ing. re pertiel :

Crie TRACGRE-M,. LICKO-4£Y, DOUMEIA

Gr. HAUTES TEMPERATURES

Chef : Amadou SIDIBE

TECH. : Abd. OUATTARA

Groupe BIO CONVERSION

Chef : Yaya SIDIBE

ING. : Cheick SANOGO -
Mlle Fatoumata S1DIEE

- Group= APPUI TECHNIQUE

Groupe ENERGIE ECLIENNE

Chef : M.B. TOURE

Chef 3 Ah. DUUMEIA

TECH, : aessinateurs

- Illo DIALLO
- Attino MAIGA

Gr. INSTRUMENTATION &
MESURES

ING. : KAMISSOKO

TECH. : Seydou DIAKRA

Chaef

——

N'To DIARRA

ING., : Alh. MAIGA

TECE., : Mohmoud OUATARA

Alassane MAIGA




Fat. LEMBELE

|

TRAVAUX

B. MAIGA

Ticiani DIARRA CM Electric.
Mamadou Yattassaye €M Menuisier
Amadou KOUUREISSY CM MEnuisier
Dramans COULIBALY CM Menuisijier
Mamadou KEITA Macorn

Bekaye SAMAKE Manoeuvrs
Broulaye SIDIBE Manoeuvre
Nouhoum YANOGO Jardinier

Moussa SAMAKXE Jardinier

Les chauffeurs

Groupe ATELIER

E. MAIGA

Yaya TRAORE c/maitre adjoint
Michel DIAKITE "

Demba KEITA "

Negueba DIARRA "

Souleymane TIEBAA Contre-Maitre
Oumar KANTE Cuvrier

Sidiki TRAORE Ouvrier

Notie TRAORE Ouvrier

Groupe INTERVENTION

M. DEMBELE
X. DEMBELE
B, SAMAYE, CM

* Tous agente 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 technigue.

Relation avec le garagiste
Termue d'un cahier d'entre-
tien par vehicule (y seront
notees toutes les interven-
tions ).

Fabrication des protetypes,
Reparation des appareils
expeses au champ ou instal-
les zilleurs {en atelier).
Entretien du materiel tech-
nique de 1'atelier,

Execution des taches przti-
ques sur le terragin (dans

les zones et ailleurs) avec
1'appui du G,A.T., des grou-
pes de¢ recherche concernes

et de 1'Atelier,
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* Minata BAMBA
* Ramata TRAORE

* Binteu DIAKITE
* Fatoumata SOGOBA

COMPTABILTFE MATIERE

* SIMPARA Mariam

* DIAXTIE Mamaaou

Planton (5)

ACHETEUR

* Sidiki TRAORE

MAGASIN

* Bakary FANE

COMPTABILITE
FINANCIERE

* Mamaaou KANE

BUDGET NATIONAL
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* David SOKANDA
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* Kenee SIDIBE
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BENFWARLE ENIEGY TECHNOIOSY INSTALLATIONS OPERETIONAL IN MALI

Benewable Lnergy Project

TECHNOLQOGY QUANTITY SITE LOCAL MGMT INSTALLATION
STRUCTURE DATE (YEAR)

GAG REGION

Sclar Wzter 1 Gao Maternity 83

Heater

Drver (TENT) 1 Djidera Fish Coop 83

Dryer (TAZO3) 2 Diyidaras Fih Ccop &3

Solar &Still Z Geo (8 Gerazoe 84

PV Lighting 1 Gas (&) Maternity &3

R rrohtin 1 Ansongo Maternity 83

Improved Stoves lo( Surveved Hcus=holds §2/64
Villagees

Remote weathsr 1 Gz2o A/F Conirol Tower 61

Station

MOPTI EREGIOQON

PV Pump 1 Mopta Merket Gerden 61

Coop

SAN REGION

Wzter Hezter 1 Sen Meternity &2

Lrver (TENT) z Beleni- Guartisr Bozo 82
ticyni

Dryer{(TARQZ) Z Beleni- GQuartier Bozo %4
ticvyrna Village Chief 62

Solar Still 1 5an Zon2 Controllsr b4

Soler Ekefra- N toreszo UDLispensary 62

geratoer

PV L:ighting Z N torosazc Direpensery 62
Somo

Improved Stoves 270 Surveyead Househcolde £1/84
Viillzges

Rzmate Wezther 1 Sen Meteo PMeteo 81

Stzti1on

DILLY REZION

PV Pump < Dembe - OMEEVI 8¢
Diawars
Cemp- 82

Mozibz

15



NIGRO KEGION

Solar Refri-
gerator

Solar Water
Heater

1Y Lighting

PV Lighting

Improved
Stoves

300

Remote Weather |

Stetion

BOUGOUNI REGJON

W

v
-

w
—~
th
-

w0

[ o T —
~
D=

X

Solar Still
Dirgester

Improvad

Stovses

Remote Weather
Staticn

Hand Mil]

PV Llightinag

EAMAKO RELSI0OM

Improved
Stovers

Wind Fump
Digestaer

Bemote \Weszther
Stetion

PV Pump
PV Unintzrrupt
Power Supply

E Y 2o

Nicoro

Nioro

Niorc
Eanire
Surveyed
Villages

Nioro A/P

Tourokore

EBougouni
Keleys

Surveyed
Villages

Bougouni

Tonfa

Zantia-
bougntu

Bzamako

Titibcugcu
Sotukbs

BEamzkeo

=)
M
hacalihen )
o
()

nal i)
e
=

16

Hospitel

Maternity

Hospital
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Benewgkhle Lnerqy Project-Plznned dnstallatirpns

PV Mi)) 1 Tonfs Village Counc)

PV Pump 1 Hemakou] - Villeage Council
adgi(Gaop:

PV Pump 1 Tineaukert Village Ccunci]
LGac

FV Fumep 1 Beme (Nicro) QDIK

PV Pump 1 Kirans S5ahe) Occidental
(Niorao)

Wind Pump 2 San -

(LESG 113

wWind Pump 1 Bamakec -

(LEZ0 Il

PV Chergar 2 Sen -

PV Chargsar Z Bougouni -

Qthayr LESO Ilpstallstions

PV Ref{ri- 1 Oueless-~ Dispensarv

gerataor ebougcu

PV Lighting 1 Kati Minister

PV Lighting 1 Missa- LEZ0 Enginaer
bougou

PV Ref{r;- 1 damiko Miscsionary

gerzator

Sclar Drver 1 Mopti Fish Coop

(Forced Aip)

Improved 300 Bamako Hsuseholds

Stoves

Other LFSO Instzllatiope Planped

PV Refr- 1 Korg Hezlth Centre
asrstor

PV Refri- 1 Douenzz -
gerztor

thﬁ-" lrﬁ‘ﬂ hit:’,:ljaflnn: D,:Ddin'-

Micrc—[!ectrj{icatjon of 2 Hoepitels § & Dispenszries
(Hicre reagson)

Electrificetion of Tombuctou Hospital
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Nen LESD Instzlliations

A comprehens jve listing of renewzbj= éenaray
installed In Maly by oragsanicetiosne other
fer reference in the report,
Finele, Annex 4,

techrolzgies
than LESO 1z gvéellable

“"Planificastion de } Energie-Repport
Energie Nouvelle =t Renouvelsble'
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CRITERIZL FOR THE ASSESSMENT OF IECHNOLOGIES
INTRODUCTION

The framework within which to assess the social and econocmic
consequences of intreducing reneswablse 2nergy technologies in
rurel Malil 1s provided by the fjve criteriz for their evaluation
sel out in the Froject Implemsntation Document. These are

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

Z2) thz impzct on incoms Jevels, income distributjon and sccial
welfars in the communjtv--who are the beneficlarjss?

3) the performance and functioning of the technology in its

setting

4) unit cocst comrzred with othsr sources of energy usable in thse
same conts

5) th= culturz]l eand socie]l acceptability of the technology,
resulting chanass :n village life:pztterns of carrving ocut tscsks

Althcuagh Criterie 3) and 4) invelve primerily technical
dzs&z=m=nts, they 3lsc include s so0z1z] component. For example,
the chearacteristics of users, and the nature of the use made of a
technoloaoy, will afisact its performance. Similarly, cost
comparisons with other technologies need to take account of the
ability and willingneses of usars to pPey both initial and
recurrent costs

The réenge et technologies installed under the REP, their
functions, end the contexts in which they are heina assesssd vary
widely. It is therefore important to establish differences in

criteriz and methods of assezsm=nt ior each technclogy as well as
2 framework for an ocverall sccial eveluation.

Tezhnologi=s c2n be divided intce those wherese System manegaement
and ma:ntenance are restricted to individuals or hocuseholds
fimproved stoves and possiblv Ni-ZTad charaers 1n the future!. snd
those where an institution or wider socizl)l organizetion--e. a ., a
cooperative, oy a8 village, clan or kin-bkz2s2d group--is involved
at = ome pcint in the process cofi ensrgy use . Thi:es division 18
important when considerins *he fFractilce Az pects of 2ssessment
set out bzlow Technolosgies with an institutionel element
provide tor zliahtly szs1er gzzezzm=nt, &z there are
"responsableczs” or orgenizetionzl] structurez through which the
techneolcogy cp=rates Thes= provide potentisal =curces cof data snd
offer g m22ns of supplementin informztion evailatble from "end
usars* .
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3) Ereakdowns
-system {for notifying breakdown:z
-{requency
-nature and effect on functioning

-time needed for repair, whether carried out locally and by
whom
q) Costs
-ideallyv, dssessment of the potential for local
individuals/organizations to invest in certain
technclogies--¢e.g ., improved sloves, battery chargers
drvers

This mavy not be feasible unless ons can find €xamplec of
{

lnvestm#nt :n other {fcrms o technology. National] organizations
me vy be eble to furnish exzmples (e g ., ODIK) of villages who
organ:ced payment for weter pumps. Examples would at laast
provids Imdicetioneg of cond:tions where technelogiss mav be sold

commercizlly zand where they will nead to be introduced with

subsidy

[27]

(One or tne difficulties with this part of the assessment is that
technologres installad ior the RE Project at no cost to users
w1ll net provide information about willingness of potential users
tc pay for installation.)

5) Potenti1z]l for future installatione
-discussicns with nzticnal) agencies, CNGs, on scope

-informaticon from census, other national data on potential
for use and dizsemination of technoloagy In part this will]
depend on other egspects of the dcssessment (e.g., sSome

technologies may not be effective in their present form).

6) Scope for local menufacture

Althouah not e mein criteriocn for ezcs=scsmant, the potentiel for
certein t2chnelegies to re made loczally should b= 1ncluded te. g ,
improved woodstoves, distiilzticon plants)

The detzils ¢of now these sssaszcmant criteriez are to he applied to
ndividueli technolouies ar= exemined further in the methods of
Sses5SmENt

GENERAL CRITERIA FOR ASSESSMENT OF TECHNICAL EFFECTIVENESS OF
TECHNOLOGIES

The generzl criterie cons:st cf
-dz2termining whet constitutes a representetive semple of use
fer each technelegy, 1o zszess its potential market,
-the techno/economi¢ peremeters defin=d in the PID.

These two criteria are discussed Lelow.

(9]
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regicnal TONOMIC ., s30c1e! and athinie differences 1n Mali.
Kesource constraint: meant that it was ubsequently 1mpossible to
place ex:mples ¢f each technclcgy in each village {or testing.

in

()

‘. The triterya for aszessment cited i1r the PID mzv be divided
inte twe categoriecs: thocse genere criterige (discucseed below)
which may be eapplied te all technoiogies, and criteriea specific

to a technolcgy or series of technclogies (discussed in Appendix
‘A7)

Pilot Izmz*-'lztjope

Sjite sgelection The choilce of site for pilot installations can
have a mejor 1nfluence on the measured success or failure of a

techncloay .ot ollen ~r 11el)d testing Site selecticen must
Ini1tiallvy meet ihe ssriyjes of criteria definine e renrecentative
sample {cr ¢ technologv type, which 1ncludess aveillability of én
adequate resource end demand

Additicone l==zu=¢ which must be addressasd in meking any «csite
selection 1ncludge.

-the wverificztion thzt the installed technolegyv will not replace
an already avellaebls z2nd commercizl technoleoagv. 1t the case
exrete, the provisicn should be mede to avoid losses w1th1n the
commsercia sector whi1ch could harm entrepreneurs andgd ause
neqgatijve publiz opinion towerd the new techncloavy. Thsse
Interests Invarizbly have an 2concmic base

-precaution net to discourage technolegy use throuah noise, or
phvsice!l dangsr, which might re2sult {from installztion of the
technolcgy 1n an inappropriats setting. These potential hazards
could bs elsctriczl or mechanical, and can freguently be reduced

or overcome by adequets user training, or protective measures.

—cecurity: the insteallzticn =hould bs provided with & leca
manazgement structur2 which will assure security, both toc the user
of the technolcagy and to the technology from misuse or
inegpproprizte treztment rvendelism)

A key {acto controllinag misuss 13 z2dequsts user trzining. and
us e chould be limited to trzined personnel . If{ the imitial
Installation end commissioning of ss8¢h svstem proviades sufficiant
guidence to esteblish ¢ lccal menagement structure which has the
cegpecity to supervise operation, then phvsiczal] danasr to usars
and d2mage to tne system by untreined cperztors cshould be
aveided.

The risk of demzge & the techneology through eccecse or operation
by uneuthorized users shculd be part of ths 1nitizl 2nginesering

1
-
%y
o

preceutione incorporetzsd at the tims of installat

The variation in ths dsgres of treining znd scphisticaticon of the
training praogrem will vary grectly, technology to technology, and
user teo user The mstch which 1nsures adequate training and
sufficient undsrsitending to operate Eny technology in an

(o]
)



efiicrent, correct menner end additionelly agllows users te
gttain some degr=2¢ of understanding wher the tezhnclogy ceases to
operzte correctly, 15 an 1mportant criteriecn for ascessment .

Technicz)] Performance Technical! performance may bs divided into
WO principel categories performance of 1mported or locally
manufactured systems All tmported svsteme should be procured
with & cleerly defined guarenter of the technical performance of
the system by the manufactursr or suppl; Technical periormance
in thess tzcec 1 veryti1=3 by the appropriets installation of
Me2sUrins Instrumsnts &end mInlloring of ystem ocutput gccording
to a8 specified program A comparison monitored performance
with specified performancs provides a ésure of the technical
performencs of imported technclogies

It
20
Ll

m

]
th ooy 'Oy

8 o

Lecallv manufz-tured technol-gis: mayv be zssacsed bv comparing
the output with an alterneative, usually conventionegl, technology
which provides & similar product ¢or service, or by comparison
with the desian specifications for the system

In elther tezs, zyatsg moenltoring 15 NeceeEsary on an
IpSstentaneous Oor Cecntinuous basi: . and where z direct compariscn
is tc be mzde with & conventicnal technolcay, then provisicn
must exjist erther to mezsurs the erfzrmence of the technology or
verify 1 t 1tz perfoermance 1= comparable with manuiacturer

specliticetiaons

Th:isz critericon, elthougk rezdily ascsecssed, mey require
censidersabls t ime énd 2ffort to azquires andgd verify the
perameters In the arz:z of gecsi1fication, for exemple--2
technology which hzs not been addressed within the context of the
KE Frorect, exper's conzider eight monthe of regional menitoring
of 2 field-instelled system in Mali to be the minimum prcgram
upon  which to meks & compreh=ancsive gecessment of technicsal
pertormance of cne =xemple of this= technoloagy

A mezsure of reliability of the technology or serijess of a
technolcay tvpe {reprecentative sz2mples can only b= gzsscssa

after th= technoloay 12 opesrztional for 2 determined pericd ot
time, or his undsrgone acceleratsd li1fes testing

Sincs reliability 1= linked te user cCompetence, maintenance
capacity and quzality, operating snvironment, system design, and
intended Jife cycle, all of these parzameters must be concidered
when conducting a relizbility ass=zzsment

Specific pzrameters te treck Include down-tims and frequency,
sparsa perts gvarliability, malniencence level]sz local or
speclalizesd mzintenancs, Impact of USEr. eroancmic consequence.

3]
m

ginrng znd L Zmprehepsion This 1z key 2lem=nt which must
h e conducted according t¢ the tvp nd =ophistication of the

4]
Y

techno v and the ebi1lity of the op=srecior/ucsr to understand the
technjcal zparzaticnel asp=cts of th=2 1n=stallation This =lement
should be built into & priot preojec és part of the procedure to



set ths technology ik piace COMIE1=2207 1! and trensfer
operaticonal esponetbility te the cliepti wus2r =r preducer: The
varleticn 1N the degree ¢t trzinine and zopnistication of the
tra1lning fgroaram Y1) wary greatily te-hnelcay 1. tz2chnology and
user to Ha ey ire mztch whroch 1ncyres edegzte tralnlng and
suffizien: under=stending te Jpaerate zny technol gy in an
efficient, correct manner, end additionzlly allows users to
attain som2 deare= of understanding when the te-hnology ceases Lo
operate corrsctly, 1 ar important critsrion fcr :i:i:zezsment
Quality of Za2pvacs Erovidsd Veey The quelliy ol service 1s
directly lynked to the gpproprictensss  engd capacity of the
technclogy to seti1ely ¢ need and the system put in place to
transi{er the 2utput of the technclingy to the user particularly
when the operzior of the technclogyv 18 not nece=zszrily the user
I the - ¢ iz zetretred with the quzlity of the SErvice or
prcocduct provided by the techpolegy (and thie satisiection c:zn be
E) function oq quality quiant ity relirzbilyty coat or
CCNven.ence then the syccesz=ful introdurtion =<4 zcceptance of
the t2chneicgy pzcomes principzlly Fertormance-related AN
gszezaneEnt T use1 szlizfzcnaion wrll permit in znelvers cf
technical pErrzrmance to bes drstingulishad from other parameters
contrelling #ff=ctive utilisetyon

Ldzprz=bylity of the Ta-hpodloay Thiz 1z prancirrzlly an jicssye te
be egddrecssd ar detin:ing 2 recrezentative zzmple of =2 =-hnolegy
tvpe g1nucs 1! ths svitem ofterad tor & perticul:sr appllcation it
not edzpted t th= nezd. & PICY mMmxtCh wes mzde betwseern the
rszource nd 2mEng Cther factors which require rsv)sw includs
the aspzaot of compatition to e2steblished hebits, customs or
alternztive msthoos o satilsiyving 2 specific d=mand

I{, in SEpite ot Its geod racord (perfo-rmznce, relieability,
eECCONCmI T baza), 5 technelogy apns=ers not to be wel) adaspted to
utser-needs, tlien social accepteance criterle must be reviewed.
Followv-vup :=nd Mzintenzprs. It one looks historicallv at failed
techncloarecs, conventionel or reneweble the greatest <ingls=
czyse 1or fz1]lure 18 tack of pro-crzicn for icllow-up end
mzintenance. Th s iz Ferticulariy trus mm Mala:, where the
CEREZILY for Jocel msintenance 12 fr=squently lamitsd and access
1e ditfficult and ezpsnszive Frevision at the tims of technoloav
Intreoducticon or fcllow-up and meintenance is an ab=zolutely key
element

Th= lzve] end frzquency of bcth routine Ena unscheduled
12IRt2nznce varle:s sncrmously frcm technology to ts=chnclogy g nd
epplicztion te zprplicztion Thees fectirs Tmust hiowever, be
explorszd thorovahly., susn in the Tenceptural =tagocz - any
prepocsed prlct prosect 1meteilziion £ cieerly de{ined scheduls=s
tor follow-up sheould be sstzrlizhsd {fcr thes 1nitisal pa2ricd o1
cperation, with lona-term provicsion 1or reduced-level support for
the eztimzted zvetem ligs Ldditrona iy S ~1 parts, anil
where pocscibls mzintenence expsrtizs ghuUJd b2 mede aveilable.

(AN



Frequently a key elemen! tc long- term proviecsion of parts and

skilled repair tapaclity 1 the est1ablishment o1 a lozel

management structure which insurecs thet the techno]cgv "earns"

encugh incoems to permit the services t¢o be aht Exparisnce

has shown that with this type of loczal Mansa Structure in
t

n

1

i}
- n r-r
™
-
=
v gy
3
~

plece, incent{ives )15 to insure that routinps mélnt2nance is
conducted, repairs are pertormed end part are provided The
acsezsment of Eny installation must arai UJ reviasw these

criteria

CRITERIA SPECIFIC TO COMMERCIALIZEL TECHNGLGGIFS

]

The cost of p:lct installations j= commoenly used to determine the
economic vieb:ilyty ¢rf =z technologv--= g , the FV mill at Tangave.
Althcugh trtzin cost o elements z:n be astzarmined {recm any pilot
instzllaeticon and used to provides economic indicetors, e real
economie cveluzticn and comparilzon with the sconcocmics of other
tehnologies can only bz conducted once the technelogy is
cemmarcielized
An eccnemlc evelasution ot RE tehnclo..es in Mzli 15 thus limit=d
te 1mported produczts, with the zrxcepticn of 1mproved weoodstoves
fm=tallic), ZIncs no cthear RE technalogvy 1¢g presently
cemmercielio=ad end rezlrstic fraures cf production costez,
instzllatron end operaticon:z costs are not eveilabls= One
prssible SN Cepllon whilch choculd be conzidsrad4 1s the Sehores
Wind-pumr ing SVYStem Mmanuractured 1n S2gcu whilch glthcugh in
guestion from an enajineering standpcint, haz been producsed for
long encugh and in sutiicient number:z t¢ permit an analveis ef
5 ts (1f pnot recuyrrent costs

Y
its manufecturing and instzallation cos
stemming primarily {rcm Wcintenance) .

Pilot Proj}ects Jikewiss cannct sff=r the complete pizturs fcr
system relizgbility This to =soms extent 15 frequently associated
with the marginzl] ¢r 1nzd=squzte sample cize of ths technelogy
being field-tested, but orn the whole ic & fector which can only
Le eccurzately 2zsesced when the commercializesd versaion of t he
technology 15 perated within z reguler 2nvironment for a defined
period or percenteas of 1tz =2stamatad life cv-le

Becauess= cf the relativelv prematurs state of cemmercialized RE

techneolcaies in Mala &n of tne £ECNOoOmMICS of

technoleogies 18 n>t poesgible aicept for these imported but
n i

5 of loceoa)
determined

1

n
y

~

€ECcCOncml z ind
technologles

(@]
[
o
[fogd
ki

The= gconoem? T ot E2nv technoloagy must 1nvariably be Feasd upon 3
compsrizon with elternztaives The= eICNomics ot conventilon
technslogies EppLears HEC b= Focorly documsrn1sd znd not well
understood. Ln important responszibility within this gssessment
will be to e=ztzblis 2 pzse {or compariscn bstirezan  RLT:= and
conventional t;:hnclug
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METHOLDOLOCY [OF EVRLUXTION

The general methodolegy will consist o1 the following prin.ipal
€elements-
a) a coljection of information cnd test results s&available
for each technology within the Research Group and the
Groupe Intervention at LESO
b) 1ntervisws with Resesrch Group parsonnel and
members cf the Groupe Intervention tc supplement the
infermation acqgrirad 1n polnt aj
€) interviews with the controllers and interviewsers
in 2ach of the four rural zones where technolcgies are
insteéelled and & bazsline survey hzz been conducted
d) 1nterviews with technology users
e) direct m&2suUr=ments Fertormed =zt 51tes where
technologles are 1nstalled and compariszon with results
avallable from tests performsd bty LESO personnel! and, in
tie cacse od imporvad equilpmsnt, trom manufacturers’
specrfr{atians
{) & technicsel and 20onomic anzlvsis o6f the data acquired
throvah repcrts Intervyews, s1te vizi11:z, atc.
g) cross-rafzrence with other prolects and other
technclogles beth renewabls and cenventicna
h) &sszsement cof the scz1e! 1mpect on Ucsers of installed
telhrniclonyres
Specific o the plied Social Scjence Kesa:reh Prpar:m
The report should begin with 2 rapid summary of the sssumptions
for research and the hypotheses based thereon, from the project
paper, Koenig ' s various overviews, Stier's mid-term evaluation,
end ralated documents pvetedl] drewn from these Jstter need not
be extensivsz Considerzation should be grven to including copilecs
of kev documents as asppendicss toc the Phaze IV report (perhaps 1in
& looselzaf binder), so that eventual raszders will have them for
retferance and detal) ¢s desired: all ty0 cften with cuch
reporte, refer=nce 18 meéd2 to kev scources of information theat
ire nert tce impossible to lczatle cnce one 18 removed frem the
preoyect in tims or cpece
'S Post-mrd-term contributions, reports by Maubrev eanc by Schoepf
should be given more thorcuah review in the Phase IV repoart. The
svolution of though regarding Phese 111 research should be
document=gd Fle1sz =z work with the €1 15 tz be crnsidersd here,
giving speciz! egttenticon to initistivee t*taken ar suagsecsted by M
Dembele, i Liemb=zls end cthers who have modif{ied and implemented
thes= csuggez=tsd methods It 2z the eviluzt:izn and 1nput of these
lzttsr whicth will zhaps {uture =o0c1&)-1mpz-t re==z1-h by LEZD
Ei1ther 1N the background cection, cr 1n & <onciusion tco the
social rezzzzrch porticn ¢f the Phass IV report, en zzzezsmant
must be meéds es to how "eppropriate" mzy be the sort cf survey
res=2arch LEZC steff =2nd consultants hsv:z ¢znducted (1n -cmpariscn
te other methedoloagies available--e . g, lenz-term {ieldwork by a
smell teem of Melilan and ex-patrizte anthrapologizts)
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f1el4d rmetzlletion or representative reonnelgv sample There

Wz s thus ne guidance on the jmportance ¢4 interim findinge for
the planning of{ supzequent stzge: oif the proo=e Ror wze ther=
prepsration o7 ey members SN USer trzining end the need for
reguler follow-up zfter the init;al intrazuctron of & technology.
This task prancipzlly & plaz y sheuld heve been
ceordinated cleos=]ly with t the f0ciel 5C1ence
recseerch Frogréem end shcould €0 the tyret phzse ot
the proaye ot Technologres FProye ot Faper were
Initially intreduced mto am 1n an sttempt te
desian, ptimrize sand ver) Tiges the t2chnical
performence hers WiT cctyve Tonisderation UL determins the
qualitv N Inter{sces the te2chnolaogay ccould provids Fetireary the
resource and the demand the level of the demernd, nor the
megnituds of the szmple 2t the technclcay needed tc fiz]ld-test
the product, ner wzas thers considerztion 10r the data-bace to he
Jgeneretad ~hrth would yrovice the Yev =]a2uent uron whilch to fbare
the Phzaz=ssz 1] frEecEment

E= the rojelt oevaoloed, particularlty g the R&D lzve) Wwithin
Phaz= Il and zubs=zqu=nilyv ~hen tezhnolozles: ware 1ntroduced into
the see 111 EWireneszs 1ncrezsadq, Enag remedial
2911 Srzzte an adeqguziz ditz-bzce fay Phzz= IV
I £ Which mus® new be usad to conduct 2 te-hne-
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6) define the avpproach necessary {o determine the institutional
growth within LESO throughout the life of the pProject and
emphacs:i_ e “he ivrsivt=nce ot the need to specify a future profile
tor LESO to include

-the R&D program

~field installetion and monitoring programs, including
social 1mpact studies

-product:ron, commerciclization and marketing goals.

Task N2 2 5ite Visit to the Four Project Zones
~-Schedule Apri1l & - Mey 1%
-Manpowar Input Intervention Group, sa2lected research

group participetion. Zone Contrecllers, Project Consultants, Phase
v Coordinateor and Secticn Leader for the Field Installations
Progrzam.

Time restrzintes and the complexity of ths logist:ics require that
s1te visites be conduct=4d by two teams . Ezch teem, wilth
sclientific and sccial Impect eipertise drawn trom LES0O and
complemsnted bv 2 proyect conszultent. wil) be resporsibles for twe
zonee plwuz the peripherz] ejtec Thev will {function i1ndependentiy
to zesecs 211 tield 1nstallaticns for the project, celacted ERE
field inztelletions from other projects, and certain conventione!
technolcales  which can b2 used {or comparative purpcses

The' principzl objzctives ¢f these thorcugh and extensive field
missiocns are to ms3ke an up-to-dete assess=ment of all field-
installed technelegiles and to epply the criteriza and evaluation

methedcologliesn in order (o =stablich a ase {or assecsasment . This
missioen will]l also serve es & further familierization session for
project consultants

—
fo]]
—
—
m
Qa
z
—
o
—

A complete listing of the techneclogies in
framewark of this project and other progs =)
other craanizetilons i€ provided in the sect) "T=chnoloa:
Asczsszment"” These liztings are presented 3 3 LUnCi}
locaticn and technolcgy type in order te fecilitate ezsy
compariscn 2nd samplify planning of site visits, which are st the
discretion of thez Phz2se IV Coordinator and fi11d installation
gsesessment teams .
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™
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=3
T
-
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Ta=csk Nooo o 2 Review ODutputs {from Tesk 2 and Specification of
Addytionel Informztion Needs

&
o

Schedule May 15 - Z:

-Manpowsr Input: Phase IV Cocrdinator, LESS maneéagement and
administration t(partizal) Sect:ron Lsader of Taieid Installations
Intervention Group, rezeerch aroup representeétion tpertial),
Projlect Consultants
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The review is intendaed specificallyv

-to test the criteria and the methodoleogy defined in
the terms of refersnce by making a preliminary
assessment based upon the findings from the site
visits defined in Task 2

-to evaluate the outputs

-tc specify the n2ed for supplementary information

The cutputs, including both technical and social impact
parameters for £3ch technology. will be reviewed with the
research groufr p2rsoannel] responsible and a basas of COmMpPari1son
will be extablished 1or nen-project RETs and conventional
technologies. Supplementary information necessary to establish
an adequate datz2 base {for technelogy assessmant will be defined
along with the complementary or modified critaria and
meincdologies neceessry te acaulre thisz supplementary
information

Results o] the preliminerv assessment , which will encompass all

technologies

and fechnclogy samples evaluated in Task No 2, will
form the bacis u

pon which te

-dzfine a reprezentetive sample for each tezchnology
type a "“representative =ample” and its recle in the
selection of pilot projects is dzfined in the
section” Criteria for Ascsessment" .

[a i)

-identify those facteors not adequately covered by the
sample used during project monitoring and considered
nececszary for én cttective dessessment (s the
potential application of individual technolcgies.

technology is deemed

In the event thet an expanded s:mple of =

escsantial to facilitats 3 valid =zssezsment further exzamples of
specific technologiles wil)l be instzlled and e menitoring progrsm
@stablished where practical, taking intce censiderztion financial
and time restreintes A cuomplete enalvsis and assessment of
"representztjyve sémplas" evailable and ez=zential to evaluate
technclogies will provide guidelines for further installations
within the li1te ¢of the project, ind longer-term recommendations

to build upon the experiencesfindings of the present project.

Task Mo 4. Intreductien ¢f Continuation Field FProgrem &and
Suprlementery Dztz AZcquieition

-Schedule May 3 - 27 Jdune

-Menpower Input Intervenatiocn Group, Zone Controllere, and
Zcne Interviawers The Fhacse IV C(Czordinator will provide

logistice)l support
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This component provides LES0Q the last ocpportunity to revise data

acquisition procedures, Iniormation Feing retrieved, or
methodology fcr data retriaval . In addition 1t provides the
capacity t'o expand the representative S3ample cf certain

technocloeogies, subi2act te availlability of the technology at LESQO
or the cepacity of LESD to menufacture further technologies for
fi1eld installeation withan the limited time-frame

The continuatlcon Progrzam wili be implemented us1ina two
indepandent f1eld teams zs 1n Tzck No Z Team l=2sders will re-
visit the sames zones 18

1ted 1n Phase Il to optimize continuity
150t the zone'of Zan follcwed by Nioro,

v
of input Tezm L will v
Gac followed by Rougoun:

team B will vl

L4
—
~

Ths Lroupe Intervention will]l hzvs completad the preliminsary
adcsecssment dzescraibes in Task 3 and will spscify &t the beainninec
of this missicn zdiirticnel]l needs for informaticon, the methodology
necessery to zcquire this Jjnformetion, and herdware required to
expand the sample z1z5 ¢: certeln technologies if nesceszary To
provide th:sz intorm:tion end indicate ths extent of
supplementilv ne=a: {or this Zoentlnuation program will]l be one of
the principeal cutputs ot Tesk 3 end waill be cbteined n
collaborztion wlth the project consultants a( the and of their
1mitizl seven-wzsk 1nvaolvemesnt in Phese IV,

The Groupe Inteorvention together with the Zons Contrcllers whes
participated 1T the Fhese IV brieiing, will introduce these
supplemantzary n=eds to the 1nterviewers 1n =ach zone and work
closzelyv with them tc 2ccertain that 2 complete understanding
ex1S1E and that the 1nformstion requested c:n be ecquired within
the remeining &€ -~ 10 wesks ot the zone operation.

Task No & Finsl Phese of Information Input {from Survey Zones

-Schedule May 23 - Auqust 15, zones of San and Gao

June & - ALupuszt 15, zones of Esugcuni and Nioro

-Menpeower Input: cone Controllers, Zene Interviewers
The cborecrsvs of this & - 10 week pericd of data collectyon is to
supplement zand attempt to Ccomplate the dat:z bzcse necesseary te
conguct =ic¢h tezhnologe zeazzemant The =2#=zs510n will btegin by &
period of informztion trensfer trcm the Grcup= Intervention to
the Zons Controllers and Interviswers ac definad in Taslk 4
The rezponsabilitve te cquirs the supplemsintary 1nfocrmation and
te mzke g pr=liminary TzrezEmeEnt o the validsty o f this
mnformeticon will be placed upon the Zone Controllsrs The LESG
Intzrventicon tezm  will) vizg =¢h Cope for spprozimetsly two
weeke | ectivities beyna stryztiy Vimited teo intiroducing the
2ddi1t1-nzl nzeds znd Inrtizting the Proc-zczs o f z¢auizition
Dlurina thrs t1nel datz czllection period znd subject te the
resylts of Tzzk 3 z2md the enelvzis condurted “n raprezentative
semples o0f technoleogres presibkle supplementary respensibilities
for system 1instzllation may be necssszary
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Task No. 8 Final QOutput Assesecmant

-Schadule: hugust 15 ~ 31
-Manpocwe2r Input Manzgement (partial), Intervention Group,
Phase 1V (Coordinator, Protect Consultants, Zone Controllers and

partial representetion {rom LESD research groups and the Chief of
the Section responsible faor the Interventicn Group

This final 15-day asse2ssment conducted in collaboration with the
consultant anthropolcaist and Hen2wable Energy scienticst will
utput upon which the project final report wili Le
bzsed The dzsessmant of thes potential of each technology 15
based upcn the definitizans provided in the section "Project
Dutputn” znd on th= cszmple =ize acs det1nad in the section

"represerntativ. comoie”

provide the
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Task No N Assezsment of ihe Instituticnel Srowth of LESO and
recommendeticn Futu Frofile
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1) Ré&D program

z) field installsticn and monitoring progremes including social

tmp3ct studiess and
3) production, commercialization &nd marketing gozls.
& are keav o0 base arguments {for support
of new work ta

T o
A0
[ond

Wwn from the BE Preoract which will demonstrate

The conclusionms draw

the poetenticz] vieb1lity ot verious RET:= ar= cnly velid 1{ -
futurs protile 15 def{ined {or LES( This profils must incure a
naturel progrzszion {rom the institutionz] growth end experience
¢t the REE Projesct to the introduction, gcceptance and wide-s5¢ale
dittusion of EETe in Mal:r (te the extant thzat a positive
meazurzble 1mpzct 31z svident)

Ees=zement ci the LEZO = Inztirtuticnsal growth is readily
determinsd by reviyswing proarszs throughout the Yife of the RE
Procect Menv ot these aspettes are Integrsz] tc the tasks
accomplished n the gzrlier part of Phza:zs Iy and will only
require limited supplementary 1nput .



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 LESO management and technical personne]

~review of the respective phases of the RE project

-review of the field installations and monitoring program

-review of the snergy 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 Preoject Paper. Technological
development ocver recen{ vyears is making it increasingly clear,
however, that many of the promising applications (i.e. those

which offer economic competition to alternative technologijes or
reai. 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
installations in Mali. The LESO R&D plan should offer support to
tnis national plan and pe designed to complement efforts of GCRES
and other regional national centers. In this context, close
collaboration with CRES is essential.

Z2) Field Installation and Monitoring Program: The reputation for
field-installed technologies in Mali 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, LES0, as the mational renewable energy research
center, is acutely aware of the shortcomings of many earlier
projects and feels an immediate responsibility to the priority of
‘mainternance support to all field installations, as well as
systematic monitoring of new technologies or iechnologies 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 a8s 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 central clearing house
for new field installations to insure adequate provision for
maintenance and local management structures.

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

LESO 1is ~currently reviewing the possibility of marketing its
expertise, either in the form of consultant ser.:ce: or tL::-wgh
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, = Commércialization and Marketing Goals: A bene of
contention which has become progressively more and more evident
as the RE project evolves js 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 1is being given to local
manufacture or component importation. Such an orientation will
permit the nation 10 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, with CRES to establish a
coherent program between the national center and CRES‘s interest
in production, and finally with the private industrijal sector,
where the <capacity _to manufacture and market is probably
greatest,provided scientific and technica]\guidance is available
from LES50 as an applied research organi?ation with extensive
experience in field monitoring and social impact studies.
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Task Neo. 10: Strategy to Optimize LESO Role in National
and Regional Plans for Widespread Acceptance and Utilization of
RETs . '
~5chedule: September 5 - 15 .
~-Manpower Input: Section Leader RA&D, Group Leader
Intervent.don Group, Project Consultants, LESD management and
administration (partial)

As the only public service with prime responsibility in the
domain of RE technologies, LES0 is by definition a key 2lement 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
def ine a sound strategy for LE50-- not only to provide channels
of continuation from the RE project, but through LESO to gquide
the GRM toward a policy capable of creating a national energy
plan which can alleviate hardship in the rural sector, promote
loryl industrial arowth, and recduce energy dependence by
‘est blishing de-centralized  ‘emergy -"sources=-the “Jatter - now
considered in many industrialized nations to be one of the few
long-term solutions for sustained existence.

Task No. 11: Final Assessment Report

-Schedule: September 4 - 22 )

~-Manpower Input: LES0 management{section leaders
(partial), group leader Intervention Group, Prcject 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 Mali, offeis specific guideiines 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 contribute to further advancement of
technology acceptance and diffusion, and c¢) the boundaries of
production, commercialization and marketing.

The report wil! be prepared with these {actors 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 1V, 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

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” chardcteristics of Malian users likely to “benefit
from a widespread introduction of each technology should be
attempted, as one input to LES50’s future resource allocations.

ii) Assessing the appropriateness of the project‘s organization
and methods in achieving its aims. Although this might - be
regarded as &8 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 examinaticn 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 engqueteurs 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 & survey of similar
complexrity in a developed country, a5 well as with other social

impact studies which made use of different methodologies (e.g.,
Roberts’s study of a solar mill in Tangave., Burkina Fasso).

b) What benefits accrued te LESO as a result of the methods of

secial enquiry adopted? For example, did the system of
consultant support provide LESO with a capacity to carry ¢ovt
future social impact studies independently? What sor: 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 wunderstood by GI and
applicable by them in the future? For examp!l:z, o b oa

circumstances to adopt anthropelogical observation techniques as
opposed to social survey approaches; the different requirements of
vrban and rural enquiries, and the limitataions of questionnaires
among the majority of social groups in Malij. 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 Institut des Sciences
Humaines, or AMRAD (an NGO), provide adequate specialist ocutput?

As well as eviluations based on the documentation available, the
“above issues should bhe examined by means of “imterviews with GI
members and zone teams, and with the technical groups within
LES50--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 durinygy 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 t he
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 wvisit (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) ian  achieving its aims and in helping to determine the
future directions of LESO.

The education, experience, and qualifications of the social
assessor are those cvefined in the job description, Appendix ‘M’
of the Project Paper.

SCOPE OF WORK: TECHNICAL CONSULTANT
Principal Tasks

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, reliebility,
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 LES0~-~specifically, its R&D
program, production and commercialization, objectives, together
with a =stategy for the integration of LESO into the national
energy plan.

Method
1) Familijarization 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 2
above, def ine 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, analyce 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 strateqgqy for LESO through
contact with LESO management and other GRM officials responsible
for elaboration of the national energy plan.

The education, exXxperience, and qualifications of the technical

consultant are those defined in the job description, Appendix ‘M’
of the Project Paper.
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BUDGET

SUMMARY

-LESO DIRECT COSTS CFA 6,579,000

~PROJECT CONSULTANTS $ 63,600

-PHASE 1V MANUFACTURING s 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 LESQO participation, principally in the
forms of displeacement costs for LES0 personnel and contact
employees (corntrollers), ~transportation and mniscellaneous co5ts
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 1.2§
months respectively for a social anthropologist and energy
scientist. Total 180 consultant days of effcrt.

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).
Fer 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 cost of preparing a final project report, including
translation, typing, editing, publication and distribution.
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A detailed estimate of costs for each combonent follows:
1. LESO DIRECT COSTS
. LINE ITEM COST CFrA

TAS5K NO. 1 - BRIEFING - 7 DAYS

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

SUBR-TOTAL TASK NO. 1 370,000

TASK NO. Z - SITE VISITS - 30 DAYS

~transport Team ‘A’ (3,800 km) 200,000
-transport Team ‘B’ (%,300 km) 300,000
-per diem Team ‘A’ x 7 (35 days) 750,000
~per diem Team "B’ x 7 (35 d:ys) 750,000

-vehicle preparation/maintenance «25%/vehicle)
250,000

—zone controllers displacement! sllowance

10 days/cont/zone 150,000
SUB-TOTAL TASK NO. 2 2,500,000

TASK NO. 3 - REVIEW - 7 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) 200,00
-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 WEEKS!

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 supplemeni.ry :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’ % 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 (S WEEKS)
-copving (other than final report) 200,000
-local transport (5 weeks) 250,000
-transport maintenance/contingency (25%) 60,000
-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 Ist visit
-5 weeks rural Mali (5,500 CFA/davy) 192,500 CFA

~2 weeks Bamako (%82/davy) 1,148
Per diem 2nd visit
-5 weeks Bamako (%82/davy) 2,870

Travel - international (2 round-trips US/BKO @ §2250/trip)
4,500
-local (provided by LESO)
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Allowa..ce
Ist visit

-day.1l - 43 (zero)

-day 44 -49 (25% dajly rate) 250
Znd 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

S0CIAL 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 technologi€s "to be ihstalled will not be available until 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 - Z weeks
Zones - 4.5 months » ‘
-salary ‘ 103,880 TOTAL/MON .
-pa2r diem 50,000 TOTAL/MON
Interviewers x 24
Zones ~ 4.5 months ~
-salary 3;0,080 TOTAL /MON
-per diem 135,000 TOTAL/MON
Operating Costs
-5an/Bougouni .520,475 CFA/TR1/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 (tinal:50 reports @SOCFA/page) 500,000
-binding 100,000
-distribution 100,000
SUB-TOTAL 2,750,000

CONTINGENCY 25% 687,500

TOTAL 3,437,500
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"APPENDIX ‘A’

Solar Drvers

Solar drying of {fish, vegetables and fruits in Mali would, to all
appearances, be an ideal technology to satisfy & rural need
through use of an abundant solar resource. This technology easily
demonstrates that preducts can be dried hygienically in less time
than that required by traditicnal open-air sun-drying techniques
and that a superior dried product is frequentiy produced.
However, many solar drving 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

gvident.

In order to analvze the apparent lack of success of this
technolcgy, the Phase IV assessment must review thz methodology
used to dsvelop and introduce it. The factors could be purely

economic, In the sense that the sdvantagss visible to the user do
not justify investment in the device. However, in the case of the
Renewable " Enérgy "Projett, "where dryers are donated, “evef “tHIiE
should not be a parameter influencing successful introduction of
the technology. Efforts must be made to determine not only why
satisfactory results are not evident, but what has to be done to
ameliorate problems with the technology, the spproach to
introducing it, or user sensitivity.

Dryers are deplcyed in several different settings, each requiring

its own criterja of assessment. In Sén 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 dryver was to be placed.

User data needed to determine the impact of the technology would
include a reckoning of how many suchk Bozo fishing villages there
may be, and whether, as fishermen go to various {fishing camps
during the vezr, 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 vbve prepared to use a drver 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 lheir various labors associated with
catching and preparing fish for market.

Such information (some of which may be available in wearlier
documents, Phase IIl and Phase IV researchers must make a careful
gleaning and organization of any such data) is necessary to
decide what the potential "market" for drvers among Bozo
fishermen may be, and 'how many deploved as pilots is a
representative sample.
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Phase 11 baseline data is scant concerning the economic
importance of fish drying. Koenig’s write-up from San is based
on a8 very small sample, and that {from Gao is Jinceonclusive. 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

B clcse review should Le made to tease from the various baseline
decuments whatever infcrmation we miaht have cbout {fish-catching

and preparaticn and the social organization lecding to
cooperdation amona {fishermen. Contact sheuld be renewed or
established with the steft of eagencies working in the same
domain, Eoth to gain access to r=levant documents, and to

integrate effcrts.

A field study should be made of how fishermen do use drvers - in
situ, paying dttention te who does asnd who does not have access

to, or choose to use, the drver; and tc whether there is &
perceptible difierence in ability to sell splar-dried versus
traditionally prepared fish (i.e. Whet can we establish as to
incrcased profit resulting froem dryer us:"'. J1sing <samples of
fish dried in rural areas, statements should be sought frem
public ‘health cfficials in the rural arezg where the drvers are
in use, as well &as in Bameko, regarding the condition of sclar-
dried fish with res;-.ct tc v=:1..in or other health related
criteria.

On-site field observation by a GI team should 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’
erxegeses as to these processes and their place in pecple’s lives,
to complement whatever statistical information exists f{rom
previous qusstionnaires. Only {fieldwork over a period of 10 days
to two weeks a@s:a 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
stey tecgether as they move from:-onme camp to the next, must be
undertaken to determine where non-portsble drvers can best be
located, and tc begin an estimete of how many dryvers a given
community would need tc masimize their contribution to the {fish
dryving and merketing processes. In Phese IV, projections should
be made as to what further research may be necessary in this
field, as well ac to the future evolution of any project

deploying significant numbers of drvers 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 explored for the Bozo {fishermen as well) of how access to
and maintenance of the drvers are organized. -

To the degree possible, study ¢of the potential of vegetable
dryers should be integrated both with the above iieldwork (Can
periodically un-used or under-used fish dryers be used for
vegetables?) and with fieldwork in agriculturz] areas such as

those arcund Mopti, where other RETs--e g , FV pumping systems,
cen be studied at the same time Can w2 combine vegetable drving
installations Wwith cur efferts to provids PV pumps to market

gardeners? Can the organizaticn which gerdeniers have established
to share access to PV-pumped water be csxploited tc manage
vegetable dryers and eventual merketing of dried produce?

Data 2vailable from drving experiences within the RE project can
be supplemented by references to the work conducted in Senegal
by CERER through ITA. The Senegzlese cxperience included
diffusion of a dozen or so tent-drvers within fishing villages
and the manufacture at CERER of a series of lightweight portable
dryers.

Although it is g2 simple technology, solar drying ftor rural
applications is faced with a series ¢f engineering difficulties

The principal limitation which applies te most flat-plate
collector-type technologies is in the definition of an adequate
glazing thet is not prohibitively expensive, is reasonably,
efficient, not fragile and does not detericrate with exposure to
ultra-violet. Experience in Mali, which has ranged from low-cost
tent-dryers «clad in polvethylene 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 polvethylene film in Mali. Tests on locally produced
film show a life of 6 - 1Z weeks in direct sunlight.

Assessment will review the pros and cons of the various
approaches and should attempt to supplement the RE project
erperience with information frem other similar ventures. The
quality and associeted health hazards related to traditional sun-
drving techniques, particularly for fish, should be <carefully
reviewed when performing comparative studies with solar methods.
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! - 5

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 f{for what. Use for "soins medjcaux," as one e, Mueateur
reported, tells: us nothing. We need date atbtout the particulaz
uses--jn a8 similar maternity or dispensary without a solar water-
heater--to which heated water is put. We need tc decermine the

hyvgienic advantages ot having warm water available in such
facilities.

Dr. Peter Knebe!l of USRID hzs sudggested thal there may be no
medical-hygienic purpcses z2rved in the use of WArm water, other
than comfort for thes perscn bathing, and that in his estimation,
the installation of sclar water-h2atars in health cre facilities
should be a Jow pricrity. 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 coperating there,; staft of dispenszaries or othe rh2alth care

facilities) &and thcse attached to health agencies in Bamako.

Terry Hart sugascsls that the deata at hand de  not adequately
reflect the ccneistent uze of water-heaters he has cbserved.
"Better documentation is cleerly needed. This "1 the case-{for- the-
water-heater placed in a village setting, as well. This latter
must be {illed with & Lucket, and it appears that it is not used
often, if at all. This may be a local manegement problem in
which it is not clesar to villageers whose rasponsibility it is to
filJl the heater, or it mavy be a simple matter of preference: if
fires are started in the compound to prepare toocd, 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-heater.

We need more information sbout use of the RET in the wvillage
where one is installed, if we are to determine the
appropriateness- of deploying others in future for similar use.
I{ 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 mey 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 egsplained to them that broad responses such as "“soins
medicaux" tell us nothing. Open-ended interviews by GI . staff
with staff and patienis at facilitiss using solar water heaters
should include questions about perceived hvaienic benefits. I
it appears that the raison d’etre of the heaters is increased
comfcrt for newborns and their mothers, it shcould not be inferred

from the discussion in Section IV .B. that such represents
spurjicus 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 hesters, then this should te considered when
prioritizing LESO‘s future program of RET deployment.
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As with other RLCT installations in rural health care facilities,
we need information concerning the nature and extent of the area

served by the dispensary or maternity clinjic--that is, its
catchment area. Medical equipment is never used by evervone in
the community, but it is (or should be) aveilable 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 manutactured a solar water heater model for several
years Apprerximately 150 units are installed around Bamako, on
privete dwellings, or in severaeal cases, in institutional
settings. In <consequence, much 15 known about the enginesaring
aspects  of the system. The problems of corrosion, costs,
ccllector glazinag, construction materials and water supply have
been reviewed 2mtonoively within LESE0 for several years.
Technical reports a vallable which discuss these issues and
demonstrate effcorts 2 t0o improve the system design. Work is
inccmplets, but a s 2s of improvements has been incorporated.
The units instelled rurat!> withi- tk: framework of the RE
project are similar to, and in most cases, identical, to the
“unitsTinstelled around Bamako. Features whit¢h " have been added fo
the rural units include mesh prctections for the collectors and
protective fences, in some cases around the total system, or
arcund the hot water outlet to control use. Local managemen* of
these systems requires review.

The LESC model is currently manufacturable from locally aveilable
materials and does not require sophisticated equipment for
manufactnre. 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 vears. The
ONERSOL exrerience would be very appropriate for comparison.

Riodigeste

The implementation of biodigesters 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 mesternity clinic are provided through wuse of
9as 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 were few discussions with them about the
system, end the GI team was only present a short while and never

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

There is no cultural problem related to handling or using cow
manure, gs it is a substance with several important uses in the
community, as, for exeample, in house construction. But, as a Gl
team member noted, it seems difficult for villagers to see what
they as individuals will recejive as profit from the sycstem, and
s5c cocperation in its upkeep has been minimal. Cow manure must
be sought frcm a distance of 700 meters or more, end the cattle
are only kept in the immsdiate area of the system for three to
four mcnths out of the vear. No cingle villager possesses
sufficient cattle to preoeduce the manure necessarv to keep the
bicodigester running. Students e2ssigned the duty of gathering
ménure @&re scmetimes not in class, and during their long
vacation, no alternative lator organization appears to have been
formed tc ke=2p the system supplied with manure.

There appear to be niggling technical problems with the cystem,
ds well, cencerning such "tiings d4s~lamp mantles, and whether or
not Petromex or other fairly readily available parts can be used.
In shert, the GI staff have reservations as to whether the
biodigester, at this stage, 1is 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 1is, how
are cattle kept? Are there transhumance patterns which mean that
manure wiil be available seasonally only? If 50, are there
alternative wavys to keep the digester functioning? How can
maintenance be best assured: what co-ops or other management
groups mus{ 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 technoiogv digesters
of the types constructed at LE50 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, clav, l'ime and cement are

essentjal ingredients. Some of the problems encountered are user-
based and can perhaps be reduced by <careful selection of
technologies driven by the methane.

In Keleva, for example, motivetion to feed the digester so that
it will preovide gas for domestic cooking is low beacause wood is a
readily available alternative. Refrigeration, however, if powered
by the methane digester, would provide a valuable technolegy to
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the wvillaage 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
refrigerator is used for income earning activities as is the case
in small-town boutiques where sotft drinks offer an attragtive
reward to the: investment necessary to keep the kerosene
refrigerator operational.

One further issue must be addressed when assessing bio-digesters
in Mali. In addition 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 faecter and in consequence is investigating semi-dry
fermentation techniques.

It is said that Maubrey and 2 French anthropologist nnamed

Antcnioni (?) studied the Keleya village system, but their
report, if written up, cannot be found. An effort must be made to
lccate this, if it does exist, and other documentation from
azeline surveys which might, for instance, explain cattle-
holding and transhumance in villages of this sart. Fieldwork at
Keleya must be conducted in Jlate Phace 11, during which GI
rescearchers remain 1in the wvillage to study factors such as
transhumance, local menagement O0f the system, and user patterns.-
To what extent are services mede 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.
Yater ist | £ErS

Fewer than weight months ago--i.e., around March 1984, water
distillers were deployed, one to each :zone with two ‘at Gao. The
Zene Controller 1is responsible for maintaining the svstem and
distributes the distilled wzter gratis, while sensitizing the
potential audience of transporters, garage personnel, health care
staff and others interested in-a source of distilled water for
vehicle batteries.

Since the wuse of non-distilled water in batteries radically

decreases their lifespan, it is assumed that this RET will
improve wvehicle wupkeep and eventually those services dependent
upon .the vehicles.: Tests are being conducted to see if this same
weter is potable and could be used for other applications,

principally in heatth care and hygiene.

Should tests prove the water potable, and should LESO then
consider deplovying 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
hespital. 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,
50 that we can gain a sense of the distribution of benedfits.
Until now, networks (word-of-mouth) have been the only means of
publicizing the availability of distilled water from the systems;
a better means of advertising is necescsary.

Existing data sheets should be used in late Phase II1I, but with .
the inctruction thot precise informetion ebout the identity of
users should be scuaht as peesitble {name of driver,
compény/agency represented, locaticn of business, itinerary of
vehicle) . Combined with data from the shesetls on the amcunt of
distilled water ;:-"fvceg and Jdistributed, this information will
be a&able to determine the radius of use. QQuestions should be
asked as toc whe.'.er anvone uses car batteries to power other
appliances--e.g. radios, whicn might also need a source of
dependable weater. LESG should consider the creation of signs or

other advertising to inform truckers and others that distilled
water for batteries is available.

Distillation plants 0of this type suffer from several inherent
technicel 'probleémsg. ~ Distilled water, although marketable, is of
very limited value, and a still can produce only 3-4 Jiters/
square meter/davy. Thus to make the technclogy economically
attractive, the initial cost of the plant per sgquare meter must
be low or the reliability and system life particularly high. The
susceptibility of glass to failure froem stray stones or other
forms of misuse, combined with the problem of corrosion which is
. Iinherent in most 5vstems 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 t@is 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 autcmotive
battery 1life should be considered as an -economic parameter when
evaluating distillation plants. ’

PV Lighting

PV-powered lighting systems have been placed in schools or
literacy centers, maternity clinics, and night nurses’ rooms
(salles de garde) at dispensaries or hospitals. User data is
scant or non-existent. Systems placed in literacy centers, with
the exception of that at Bandere, are not in wvillages where
regular deta collection is performed. The data we do have from
schools is vaague: at Somo village, for instance, it is reported
that exactly 17 students of a8 6e class spent exactly two and one-
half{ hours using the light of the system, 13 difierent times in
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April 1984 . All one can deduce from such a report is that be
students have used the system regularly, perhaps on the detes
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 GJ] team members, with interviews
of schoolmasters. and stud:nts (and zanyone else in the village who
might wish to use the illuminated classrooms when others are not

there) . Literacy classes are apparentl]y informel, led Dby
individuals whe &sre not paid {for their servicas, or at least in
any systematic manner. Is this so? Can lists of these attending
be acquired or compiled, s¢ that we ce&n gain an idea ¢f how many
may be profiting from the system? Throuagh scrutiny of the licts
that have been kept, or thraugh interviews with those teaching,

we mignt determine whether PV Jighting has made it possible for
more persons to attend literacy clesses.is available

In addition, GI teams should interview and observe thoce destined
to use the lighting systems . Can evening activities be
programmed through a concerted effort of !ocal schocl officials?
Would this best be done by contacting Ministry of Educetion staff
(or other agencies that m:zy have educetional oulreach programs)
te inferm them c¢f where PV lighting systems have b=en placed. S0
that these schools receive special attention in terms of
distribution of written materials or other supplias useful for
literacy cocurses or other teaching?

This RET, like all others, requires efforts to integrate LESOD
inputs (hardware, explanation of use, study of use patterns,
upkeep) with other programs in order to achieve the maximum
potential for‘'system exploitation. GI staf{ should consider ways
to inform agencies which may have extension activities in the
aresa (agriculture, forestry, woodstove research health care,
etc.) that lighting is available at these facilities for wuse
lecture or meeting halls, distribution points, or other
activities perhaps best done in the evening after villagers’
daytime chores have been accomplished. Engueteurs imust be
encouraged to give more precise data as to use. Gl staff should
incorporate these PV systems in their series of planned l!long-term
fieldwork bouts, to observe use and interview those acquainted
with the sysfem 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 alcng 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 com=s at night, or other data? Are
night activities at the facilities procgrammed into the st:f{fing
and salary schedules?
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Are officials at other levels of the hierarchy (lower levels,
such as in dispensary versus town hospitel]; higher ievels, such
a5 regicnal officials who might include these services in their
reckoning of staffing, medicine distribtution, etc.) aware of the
RET 'z poatentisl for improving heszlth care? GI staff should
interview such individuzals (including others in parallel
institutions withcout PV systems) bath to gain and te give
informztion

At those hezlth care fecilities where PV lighting hes been
installed, the 103 of pstiznts whe have ccme for consultaticon, or
ot emargency ceses trezated during the evening, should be
consulted to determine whether lizhts have 1mproved sarvices by
¢nccuUraging more PETrsons tx seck ezs31stence &t night. (Staff
will alr=edy hzves jymprasszicns of chanas ) We must determine the
outreeach ot such fac:rlities. tc detzrmine how ma2my may benefit,
at Jeaet potenticelly tobvinuesly, n>t esvasryone fells 111, and
those whr dc do not necessarily do s¢ in such 2 wey requiring

night ssrviyics)

The cz2ce ¢t th2 PY lighting system &t Nizrc town hospita] is more

particular Straff want the system tc =z1]11low lighting all night
long, wherezs it is esized to provide a limited numter of houre of
1l1lumination. Apparently, batteries we2re run down below the
criticsl depth of dischargé, "ard a2 new explanetion wes offered by
the GI team, who cocrrected the situsation. More information is
needed &bout the sort of application given to particular EV
lighting systems. If a nurses’ night station must retain lights
on throughcut the night, then LESO should consider sizing the

system accordingly.

Early systems installed consisted of off-the-shelf US~imported

products, principally {rom ARCO SOLAR and SOLAREX. These
systems, which in one case consisted of rechargeable portable
lamps and B8-watt {ixed neons, suit the kind of installation.
Numerous technical defects identified have proved difficult to
rectify in Mali. Lamps provided were special, and neither
repleacement parts nor schematic diegrams were readily available.
For electrical battery storage, the portable lamps provided used

gel~cell]l 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 t he
regulators, have also influenced the reliability of the lighting
systems. These systems, although of 20-watt rating, are fitted
with f{lucrescent tubes which are not readily available on the
local market, consequently, provisicn for special importation had
to be made.
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Based on this initial experiasnce, LES0 has imperted a stock of
well-constructed DC fluorescent lamps which will be coupled

directly to a 1z2-velld DC source, either in the form of an
automotiwue bLattery or lona-lite deep disch=r: .z C-tteries
intended specifically fzr stationary eapplicaticens will.. be
recharged direclly by PV mcdules ma*ched to the batteries, thus
elimineting the n2ed for charge contrcllers These systems will
be installed and cperationz] by Jate ‘84 and will prcvide the
bLasisz to compare cff-the-zhelf imported systems wjith locally

assembled systems designed for specific applicetions.

Te:chntcal zrszzemeEnt of FY lighting systems is difficult over a
short pericd unlecss s1z21n3 precblems are evident Indications ecre
that the =vztem comprnents, 1f wel]l s=]leczted and well mitched,
can  cftfer high raliyzbility. Criterie te emphzeize in én
evaluzaticn of this technelogy should bLs uszer-biased and =concmic.
A longzr-term c¢byjective ¢f LESO is to manuteacture the electronics

ccmponant ¢f the DC lzmp threush a lizsneing arrang=ment with a
US menufzcturer WVere this to materialize. the potentiz] merket
tor PY o lrahtaing zystems could bz z1gniticantly influsenced

1

A valid pre)ect for comparison Jis being implemented in Zaire,
where 750 PV lighting systems are Lbeing Jinstalled with <certain
ccmponents locelly mznufeitiuired.” Further information on the
results of this project can be chtained from IT POWER LTD in thsa
UK, who are responsitle for project implementaticn.

PV Pumps

Four PV pumps:ere installed as a direct part of the USAID proiject
at LES0--Llwo for irrigation, two for village use (human and
cattle); LESO and USAID have cocperated on others. LESO 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 ty 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 f{rom a
technical viewpoint only.

There is data at LESO concerning a PV pumping syvstem at Mopti
installed in 1980. The particular history of this intervention
is illustrative of the problems LES0O has fezced in getting its
programs operational; Phacse IV staff chould provide a vignette of
this in their report to indicate the difficult relationship
between LES50 and its suppliers in the early vears of the project.
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This pump 15 to assist in irrigating five hectares of market
gardens which were already served by a diese] Pumping system.The
PV pumping system was only able to furnish water to one of the
five  hectares, but the poor record of the diesel system with
regard to frequent breakdowns led gardeners to move and.- to
concentrate their efforts within reach of the mere reljable PV
pump . The result has Leen a demand for water far exceeding the
Pump’s output, and gardeners heave Orgenized themselves to share
aCCess to water

This lccel orgenizatijion {cf the role of the genie rura] of the
Ministry 31 Farjculture, who run the dissel pump end tharge
600F/plct/igerden) sheuld be studjed closely with regerd ¢ local
menaagemert of Py syetem:

The épperept SUCCcees of the Maopti system, with regera to
technical rellabirlity énd tha willingness of gardeners to
organize to meximize Sprecd of jts benefite, does net meen that
the instellaticon hes baen a complete ap "simple" fuUcce:ss In
fact, 0N one occesicn Gl teap members visiting Mcpti dicscovered

that the PV pane] had bz=sn sl)lcwead to cecome so covered with
dust that the production of eletricity had drcpped to & Jeve]
Insufiicient to Start the pump. The ¢ld man responsible f¢r array
upkeep explained that the key to the enclosing fence ~had deen
lost . The chief of the regionaeal Co2cperetive responsible for the
PV system had not been informed of this,nor had the president of
the market gardeners (who had a S5pare kevy) .

|5

There seems a clear need for increaseq coordination of management

and communication among interested parties. PV Section staff{ at
LESO complain that they should not need to see to such petty
affairs, that it Seéems the Mopti Cooperative members are not

sufficiently interested in the System to maintain it Froperly.
It remains to investigate what degree of Sensitization at the
time ot implementation might avoid or minimize such lcss  of
interest. ’

PV pumping Systems were cited in the mid-project evaluation as a

high priority technolcgy for wvillage water supply. Taking
dadvantage of major advances in the technology over recent years
in terms of reliability, cost, and system efficiency, LESO has
Procured four additional Pumping systems, which will Provide a

well-monitored guide of the technical performance of current
commercially available Pumping systems in comparison to the
data avajlable on the four demonstration pumps installed earlijer
in the project.

The Photovoltaics Group, responsible for pv pump monitoring,
conduct regular sijte visits and keep precise records of the
system performance Upen which to base a technical ascessment .
Due to field instrumentat.on limitations, mainly avajlability and
reliability of totalizing flow meters, No continuous monitor has
been maintained for the installag systems. Tests have been
limited to single day performance verification testing.
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Many any of the criteria--technical. economic and social impact--
will be developed by LE3D within the contexzt of a projet with IT
POWER INC. The principal! 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 methodclogy as a
worldwide standard for an eveluaticn of PV pumping systems.
Because of the specific natur of this project and LESQ’s direct
involvement, it is propcsed that the Phase IV assessment use this
as a reference in the eveluation of PV pumping techneologies.

More than 70 PV pumping systems cf varicus types are installed in
Mali. Few are monitored regulerly, but minim:z] dete does exist
concerning reliability, maintenzrnce and total veolume pumped for
many of the installed systems Much cf this infcrmetion is
available at LEZOD, ¢r ceén bte acquired {rom other ocrgznizations
responsible for installation and mcnitoring, end should Lbe used
to supplement ths findings of the RE project.

It LES0’s aim is to determine which RETs are eppropriate and meet
"real" needs, then sensitization of villagers as to the means to
maximize benefits from the syetem (including, cf course, cystem
upkeep) must be undercscored as & compenent oi all Projlects. To
determine whether a PV pump respcnds adequately to the necde of
villagers, éa scudy should be conducted tc map the spread of use.
Ideally, this should be done over the course of & veszr "tg "test
seacscnzl chanae 1n watar avaijlability. A questionnaire which

identifies Users as to recidence Jocation 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 put, are
eitremely problematic (cf. material from the Tangavye, Burkina
Faso, FV pumping demonstration). A map of{ usage, on the other

hand, will allow LESO staiff 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 addequate 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 crganized to share access to water, and how such
organization might be exploited by extension zgents to improve
system upkeep. Here, too, .the effects of a reliable .pumping
system ' might have an immeYiate effect upon agricult-rzl
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 Mopti area? Could a ccmbination of PV
pumps and sclar dryers be implemented to maximize production,
preservation of crops, and eventual availability of foolztuffs ‘-
hunger-stricken northeners?

Phase IV researchers will evaluate data resulting from the
efforts of the GI teem during the {fina) months of Phase I1T.
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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PV Bn!rjggva!QIq

LESO possesses wuser deta on only two PV refrigerators being
field-tested: that at Ntc:osso in a Protestant missionary
dispensary, and that at QOuelessebougou, which is one of the NASA
Lewis FHesearch Center series of demonstraticns in c¢onjunstion
with the World Health Organization and the US Centers for Disease
Control.

Data from the latter field test includes infoermetion on what
vaccines are cstored in the rs{rigsretor, and hocw often thsy are
removed to give Injesctijons A problem surfaces immediately,
howevar, 5ince there z2ppears to be dsta concerning use of only
two vaccines: SAT/VAT f{or tetanue, and ECS fer tuberculosis.
Are these the only ¢n2s of several cold-ch2in vaccines used? I{
S0, the questionnaire is _learly deficient, tn thet it does not
allow the enqueteur, or perhsps does not encourage him, to
comment upcn  the lack of distribution of other cold-chain
vaccines. If these are not the only onss kept cold (or i{f other
substznces ere put in the refrigerator thet do not appear on the
forms~--which from other NASAL sexperience, 15 hiaghly likely), then
here ageain is the problem of incomplete reporting encountered in
the Improvad woodstove surveys . This raises a larger icssue that
must be considered in the final months of Phase !I] and in Phase
1y - .

The deployment of PV refrigerators in Mz1li (end elsewhere--cf .
Gabon, NASA USDOE/GRG program for village PV power systems)

illuminated problems and differences among a) a technicsal
eAperiment/demonstration (desire to test a RET in different
climates, different eco~systems, different cultural milieux);
blpolitical priorities (need to distribute development benefit
equitably to all corners of the country, no matter how {ar-
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 wuseful (as we all hope and espect 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 tco great, it is
impossible to base & 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
tha live and perishable vaccines--e.qg. measles--for which they
weére created.

In any case, LESO must work closely with Ministry of Health
officials to maximize us2 of the refrigerators as points whers
vaccines may be held and used, not only within the immediate
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vicinity, but outward from there using cold boxes (glacieres).
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 testad at
Gao, as an element of & veterinary program, for the storage of
vaccines against bovine pleague and anthrax. The

particular refrigerator installed at Gao has  had technical
difficulties, and as of this writing, hes been brought back to
LES0 tor furthsr reseach and repair of its shortcomings.

A further protlem has surfaced with regard to this particular
application. Veterinary staff wish to have a rsfrigerator which
nct only conserves perisheble medicines, but which will produce
sufficient ice to allow distribution wvia glacjer=s during
vaccination campaigns. LES50 statf should determine the extent
eand nature of this need; Cidn &n existing system be adapted to
produce greater quantities of ice, or does this require new R&D?
If the letter is the case, then this might be the basis of a new
PID, fecr =urely, cattle must be ccnsidesred a significant resource
of Sahelien countries like Mali, and this might be an input of
substantial long-term value. Furthermore, ice-makers could {ind
"octher uses in humén  vacciné&tlcfi programs Uusing existing PV~
refrigeretors 3s =torage ceanters.

LESO has installed three off-the shel{-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. :

0f the three PV systems 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 defeqts, most 6f which have been within the voltage
regulator circuit or compressor controller circuits and are

primarily =alectronic. Occasional defects have been identified
within the cooling circuit itself. The PY modules providing power
have been 100 per cent reliable. The batteries used for energy

5torage have also in many cases {failed prematurely.

Based on this early experience, LES0 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 MASA-LEWIS world program of reirigeration
testing, and together with NASA representatives, has installed

one refrigeration system in Mali which is extensively
instrumented and monitored on a regular beasis. 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 refrigarators are user-

associated and requijre careful review and 3 poscsible
recommendation for design change to reduce the sensitivity of
systems .to misuse and user abuse . At present, date is being

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

Such scrutiny needs to be expended to include interviews with
staff of the heclth care or veterinary staf{f uzing the appliance,

to determine needs meat or outstanding Patient consultation
records chould be checked to verify ths data collected otherwise
about veccines stored and used. Most importently, 8 sense must

be gained c¢f what effsrts have besn or ccoculd be made to marimize
the integration of the existing or plenned PV refrigerators intc

programs of medicine diffusion and campaigns of vaccination The
PV refrigerator questionneire from Guetemale, in the possessicn
of the GI tezm. cauld form the bacis of directesd questicning by
Gi staff at field sites. Agzin, more substantive responses eare
needed than the {figures we now have at cur disposition.

The possibilities f{cr a RET medicel system shcould be explored,
85 opposed to LES0'= deployment of individual partc -f = system.
Thiis epr1.ach has been followed by NASA Lewig Regedr¢ch-S¢9stem, in
collaboration with the world Health Organization, the Panamerican
Health Organizatiocn, and the US Center for Disease Control. Data
on these efforts is available from MNAS™ or WYI7

Much significant research is underway in this field, and LESO
should partrcipate in it as a liaison between 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 tvpe of facility. RETs already under
consideration- by LESO, such as PV lighting, radiec transmission,
refrigeration and water pumping, plus solar water heating, might
be <considered as an ensembla. This must be done in close
col]qboration with Ministry of Health staff, however, for

dispensary or provincial hospital personnel will need re-training
to exploit the devices fully in their daily consultations; and
regional or natiocnal staf{ of vaccination, or other wide
campaigns, must be sufficiently aware of the potential of these
installations to integrate them into thedir strategies.

Again, it is likely that Phase IV evaluaturs will need teo

consider not only what has been done to date, but also what may
be done in the future in this promising and criticel area.
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PV Mills

Rs defined in the Project Paper, & PV-powered grain mill for
village .use has been obtained, with gssistance from NAZAK LEWIS
Research Center, for installetion in Ton{fa. This latter 4= a
village 4 convenient distance from FBamzko, so that LES0 staff
can assist in case of technical difficulties, and near Bougouni,
the zone of Phase 11 studies and Phease I11 RET deployment Tonfa
has had no diesel-powered or other grain mill.

The PV team 3t LESD need to know if Tonfs villsaers will have

sufticient funds at their dispcsal to use the mill. Whoe will usze
the mill? Whe will profit mzst frew jts installation? wWhat are
factors by which villagers’ wezlth cen be determined, so that an
estimate of who might us2 the mill, versus who eventually does,

can be estzablished?

These &and cother questions were studied in the NASA/USAILD Tangaye
(Burkina Fasso) PV grain-mill demonstration, and indeed, LESO
statf visited Tangave during Phase III tc see the installation
for themselves end to interview the station menager, millers, and
other interested parties. In devising & reseerch strategy fcr the
Ton{s mill project, care should be teken, to the degree pcssible,
to™ avoid pitfalls of survey design identified "im “the ~ various
Tangave scocial impact assessment reports (Roberts 19860, 1982).

Doubts exist as to whether the present system, sized to operate
about three and three-quarters hours daily, is 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,; vet there has already been a four-month delay in
installation f{rom 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 f{irst, as a proof that LESO will, indeed, meet its
commitment, he concluded.

It should be noted that at Tangave, when the PV array and mill
type were changed to increase milling time and thereby better
meet wvillagers’ needs, the result was not altogether expected:
some Tangaye residents were able to use the mill more regularly,
but the larger mill ( stroeng enough to grind corn to a fineness
which other, diesel-driven milis couid not achieve) also
attracted people f{rom an estimated radius of 30-40 kilometers
from the mill station, and capacity was s5till exceeded by demand.
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One of several facets of the installation having wider .
implications then the project itself is how wvillagers organize

themselves to manage the mill, its functioniig and upkeep, and
the coilection and eventual disbursement of funds from milling
fees charaed. Again, this was a focus of the Tangaye

demonstration, and useful parallels might be drawn.

Specifically, LES0 should assist Tenfa villagars in thic process
50 that tasks eare assigned on a dey-te-~dey bzsis, 8CCESS to
milling is made &8s equitable &5 poscible, and feez collected are
channeled into further development of the community In this
lest regard. villaaers cculd be told early on that when they hzve
collected & certein amcunt of mcney from milling feec, LESO will
be prepared to help thezm purchess and 1nztell]l 2 BV pump or some
other RET epplicaticns thet would {it & need they themselves can
define. In this wsy, the PV mill installaticon is noet a one-shot
project, but the beginning of & progrem cof community dzvelcpment
that thz2 villagere themselves manege and chape

Thie, in turn, might provide 2n cption fer donor development
ggencizs: en initial capitel investment 3iftv to sponsor a2 mill,
the fecs from which--little by little, te be sure--will then
allew wvillagers themselves v support {further RET installations
for which fundinig will be necessary. If the Tangavye experience-
i3 any measure, villagars ere able and willing to take such

initiatives.

The mill design at Tonfa is based upon the learning experience of

Tangave, where NASA have now for four vears cperated and de-
bugged a cecmbined PV mill-pumping station within a village
environment similar to that of Tonf{a. 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 hiagh reliability, principally =as a
result of the close collaboration with those responsible for the
Tangave installation, design and {follow-up program,; and also
because an extensive study was performed to size the plant. Bacsed
upon operating experience, the control circuitry used to provide
an interface has been substantielly 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 comtort 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 f=zature, 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 mecnitored by LESO throughout the period.
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Although long-term monitofjng will not have been performed, ths2
short-term results can be compared directly with the results from
Tangaye to provijde accurate indicators of the mill“s potentijal

long-term performance. The economics cf this installation
require careful review, The plant was partially procured from RE
Project funds (2.5 KW arrey and battery bank), and part.dally

donated by NASA LEWIS (hammsr mill and ccntrol circuitry).

Scepticism regarding the economic potential of PV mills can only
be allayved it careful measures are taken in Phase IV to assess
the real operating costs of alternative technolocgies--principally
diesel mills (nornslly avszileble in urban envircnments) and the
treditionzl mortar end pestle (which hes no direct economic
comparzative factor, but can be trznzform=d into a t ime
equivalence).

The plent in Tonfe is equipped with adequate instrumentation to
perform both a continuous monitor of anergy-generated/energy
used, and spot checks of sub-system performance. This data will
be available {for assessment .

Phase II date, and probably the protocols in particular, shcoculd
be scrutinized for pertinence with regard *- ‘the nature of
women’s wealth that might allow them to purchase the services of
a PV 'milT Et7Toénla. Gl team member M. Dembele has e€xpressed the
wish te study the villege carefully with 2 specific baseline
survey, but believes that {(:me ..nctv:! . *< may prevsent this.

The wvarious Teangeavye (Burkina Fasso) PV mill demonstration
dassessments (Roberts 1979, 1980, 1982) should be scannad, and
those variables and procedures which seem most reliable and most
useful to LESO aims =hould 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 erpatrijate organization)
could be engaged to study Tonfa in depth. 3Such a study, with as
one goal the comparison with Tangaye findings, would be useful to
Malian and to wjder, regional energy planning.

Such & researcher should conduct at least a year of fieldwork
residing in Tonfa itself. Reference should be made, to the goals
of the orginal USAID project es expounded in "Studies of Energy
Needs :in he Food System" (TAB Regional Project, No. 931-02349) and
the Tangaye PID (Mever et al, 1978, PID No. 686-0234, AID Ouaga).

Should it prove impossible to conduct a Jong-term, in-depth study
such as that suggested above, crucial on-site research can
nonetheless be undertaken by the GI team. Using” the Tangave
studies as a model, interviews can be conducted and observations
made as to how people organize manzgement 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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El Battnry !.bargn[: .

Several prototypes of battery (D’ and ‘C‘ cell) chargers have
been deueloped,; one can rechsrge up to 40 batteries, while a
smaller model can hendle five at once. LEE0 has only just begun
to deploy these, in two villages of San Zone, and results so far
are few.

Some questions from Maubrey‘s quecstionnaire (e.g. "Would vou pay
more fcr longer-life batteries?") elicit such jidealized responses
as to be of little use. Ner hee a streteay been chosen from
among the sevare! proposed, for how and by vauom injtial capital
investment for the PV system and Ni-Cad rechairaezble betteries
(estimated 3t abcut 145 focr s S-battery charaer) is tc be made,
Should the system be purches»d by & merchant, who then sells c¢r
rents hatteries? Should svstem= bz given at first, to test their
appropriatenes in the rural markzt? Should bastteries he sold by
the msrhcant t full price C(hrghsr than vff-the-shelf ordinary

o
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cells) with slight recherging fee accessed, or shculd the
merchant cherge less than the battery price, eand then assess 3
higher recharging fes {0 reccup hise initizl] investment? Cen one
of these soluticns be appropriaste {for all settings, and can LE30
impose a8 single merketing stretegy on merchents? The chargers
‘"mmight alse be consigned to nan<m¥rthants, but then this would’

compete directly with estaeblished trade.

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

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 necesssry to determine the ratio of battery sales to
batteries brouaght in for recharging. If customeers encounter a
significant Lottleneck, forcing them to wait several devs to
rergperate their batteries, then thevy will most likely return to
ordinary baittery 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 recharge: life does decrease proportionately as the number
of recharges, 6 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 batterics with a life of only
Y hours, where X is of cbviously greater maanitude than Y )

The bettery charger, entirely designed wilhin LESO,.. 1is
censtructad in.- a modulsr form. The modular form permits easy
system expancion in jncrements of five betteries as the demend
increases. Additicnally, each charge module, which accepts up to
five batteries for recharging, pccsecsecs independent ele~tronic
charage circuits fo- each battery, which guzrantees that the
charge rate Jc ecteblicshed for each cell as & function of its
state cf discharas Thie zs=ists in optimizing the life of the
Ni-Ced cells. A plug-in/plug-cut arrangement fcr ecch cell chzrge
contrellser Nas alzo heesn designed to fzcalitzts extremely simple
field meintena

LESO hes the capacity within its centrzl]l laboratecry to trcuble-
shoet, r=tuild and calibrats defective charage controllers. This
technolcqgy, although economically zttractive, may well be prone
to 52vere user-éssociated problems, ind beceause of its newness,
may &aleo encounter technical difficulties either associated with
manipulation «cr cperational reliability. THeze {factors require
careful study, since if user and perfcrmance problems ére
diagnos=d and rectified edrly withinh The field testing phase,
then the technology potential will become principally a function
of econcmices, thus Fromising to make this a very competitive
techneclogy.

Data from the Phase ]I baseline should be scrutinized, and
additional information scught, as necessary, concerning ordinary
.battery sales over a period of time, prior to installation of =&
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 moniiored. Special care should be taken to note the

date and identity of customers returning 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

opiniouns of merchants, system users and those who chocose not to

subscribe to the system. The identity of uszrs, 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 sSahelian
countries has been studied by USAID/Ouega through a project in
the late 1970s/early 1980s implemented by Partners for Progress.
Results might prove interesting when LESQO considers how merchants

and customers can b2 induced to meake initial investments; and
such thought might lead to LESO proposing scme wider program,
based cn battery chargers and other RETs, that a donor

agency might suggest to increase small-scale capital building.
Loans made to rural merchants ihrcugh 2 progrsm like that tootel
in PBurkin:= Fesso, for instance, might be earmarkec for RET
implementation.

Wind Pumps

After testing eavailable models of wind-driven o ;inn yel_ms,
LESD is perfecting its own protctype, constructed antirely frem
locally avaellable materials. The system requires minimal
maintenance, although the pump piston i=s prone to wear. kepsirs

of this nature cen be made by the Water Recsources LDepeartment
field staff, with the assistance of locz] blacksmiths.

The most chellenging problem to date has been dstermining average

wind speed in psrticular settings. Although wind north of the

14th parzllel is theoretically sufficient tc drive a windmill

such ~as  the LES0  prototype (i e., in Gao and” Nidrd ~"2®nes7,”
micro~variations mevy occur. LES0O meteorological detapoints and

other measurina devices should correct this lack of critical

information. Locations south of the 14th parallel mayv 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 diffzrences in maintenance demand (wind-driven pumps
may require less maintenance than PV systems), wind pumps and PV-
powered pumps should receive similer social impact assessment
with similar strategy. Archival research might prove useful here,
since in the last vears of the <colonial period, the French
installed a series of windmill pumps which were problem-prone and
alfowed to fall into disrepair and disuse after Independence.
Any existing documentation on this program would be of immediate
interest to LESO and mey be accessible through French development
agents.

The great advantage of wind-driven over PV pumps is that all
parts of the system are immediately available or cen be
constructed in Mali. This RET, then, mav well prove an important
element of commercial growth as well a5 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 are available on the local market.
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Developmentez] programs began with laboretory and field-testing of
a low-technology windpump manufactured in Segou and with a design
review of US-manufectured wind-pumping systems with potential for
local manufacture. The low-technoiogy model wa:s both wunr=liable
and ccmplex, and menufecturing problems were associated -with
acceptance of US models. Thuse LES0C was forced to smbark upon a
program of design which would elimincte the problems of
unreliability assocjated with the low-techneleogy approach a&and
avoid unnecessary menufeacturing difficulties.

LESD hes now extensively {ield-tez12ad a three-meter diameter
pumping system intended for working heads of less then 10 meters
and has slmcocst completed the senstruction  of 3 four-meter
diameter multi-bladed cystem intended {for hezads of up to 40
meters. Both of these systems will be cperational during Phase
Iv. I{ the ficld installztion program mzijnteins its schedule,

then several other units of the seme type will also be field-
installed to increcse the testing sample.

windpump da2=1ian and manufacture is in itseld a mzlor
technological undertaking. The results which will be available
within the fremewcocrk of the RE prorect can only be <considersasd
preliminary, but should be adequate to provide clear indicators
Tor ° "the potential of lecal” menufacture  1in- “~production
quantities, since both the engineering aspects of products will
have bheen studied and an accurcte 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 Malji--that
of water pumping.

Improved YWoodstoves

Throughout the Sahel, a major effort is being made to coordinate
firewcod <conservation projects with reforestation. Improved
woodstoves play a major part in this effort. LESO has lab-tested
a series 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 LES0
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 messive 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 o{ the stoves provides

fual conservation, it is hoped, of course, that savings will
approach those obtained wunder leboratcry conditions, but
determining this has proved very problematic

During Phease 11, village wood consumption was estimated in -each
zone a&ccording to questicnnaires devised by Dolores Koenig, it
wes ageinst this data thet changes were to be compered to
register {fuel consumption savings, with furth=sr cemparison to be
dreawn with lab tests ot the improved stoves Regis Maubrey
composed questronnaires fer Fovare Lm=licres Poertatifs (FAP)
tests te be carried out during phaze 111 Fecause of delays 1n
implementing other RET applicationes planned for Phecse I11, a
disproporticnate amount o f interviswear time was zpent on

following up FAFs, to & degr=e unforeseen in early phzses of
project planning. ,

A gresat deel cf data {frcm completed <questionnaires has been
amassed. Consultant Ercoke Scheepf! was to work with Mohammed
Dembele to find 8 suitable computer program to anelyse this
infermation; Schoepf s report exzplaining methodalogy for this has
not been received at LESO at the time of writing. A test-case
computer analvsis effected bty Lzmbele on a =small sample of AP
data found no significant difference between FAF wood consumption
T=Ad T TtRat Toof “traditionzl" three-ston® ~ haarths - (Fgvers

dit) ¢ = FT) in the =zem= villages Ths data was, however,
nzjither complete enough to allow explanation of this finding, nor
reliable encugh.

The main deficiencies of the existing data are as follows:

a) Many wvariables have been recognized as af{fecting fuel
consumption, including cooking habits, location of the FAP within
the compound (susceptibility to wind), species 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 ot 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 1 given day may be masked by invented
"data . " - Difficulties of this sort highlight problems of
management of {ield staff by the CGI.

Visits to San and Bougouni zones between July and September 1984
showed <considerceble dissatistaction among interviewers about
supervision procedurcs for th-ir work, and about the lack of
feedback on overall survey progress, which might have given them
a s2nse of purpocse. Gl staf’ have taken measures late in Phase
I11I to rectify this by scheduling longer stays at given sites;
this manag:::en’ gtrat:. -+ dovetails with the emphasis of the
revised research plan to conduct fieldwork on selected RET
applications for longer periods (10 dayvs to two weeks).
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c) Reliability of data i¢ alsc dependent upon the naturs of
social relations between enquet=ur and ccok T> take but ~ one

example, the amount of grein bejng prepared has been determined
by asking the cook, who responds in locel units ¢f measure These
rough estimates are then converted te “"Filograms" by the
enaueteyurs. The r=sult jis zpprcximete at best. According te GI,
economirc considerations further ccmplicat the 1s=p3e- to disguise

e
their poverty, scm= hcouseheolds mzy indicat=
amounts of grein then thev actuelly are Such fzctore undoubtedly
biased zome of Koenig sz baseline resulte = wal]l as those of

b=

they are using lerger
h

a

Phzse IIl., & metter for &velueticn during Phese [V

d) To obtain compzrstyvye Jztz on {fuel 7oncumpticn betwesn TAP 3nd
tradition:] heerthz 1 FTe ), Meutrey 1nstrusted participaznte te
cock for ten Jzys on o oan Ymproved stous, then raturn n the
following 10 days lo use ot ¢ lover zdjticnnel -] team
members subsequzntly decided this receazrch method Wz s
unacceptsble, both in t=rms of the Jemznd: msde on the
participentes and the &tfectes on tect recults

&) Mzlien women us2 38 range of pots For comprehsnzyva village
testing, fovers 2liorezs correcsponding to ezch pot must be

installed in pirticrpating houssholds (mzximum efficiency Cin
only b= achievsd 1{f there is & "corrsct”™ fit betwe<n pat andg
FAP) . "THiZ We& nct,” however, achieved during Phzs® T1IT - Datea
collected S0 far cennot always be relied upon te distinguicsh
between households us ing FAPs exclusively &and thocse using a
combinetion of FAPs and FTs. This omission will clearly effect
the fuel savings recorded. '

b

f) Finelly, FAPs 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.
With the present price of FAPs (about 4000 CFA, or a little more
than $8),1it 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 methodolcgy for village testing of FAPs
in order to overcome scme of these difficultisas, which have Leen
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 strategqies over
the life of the project in relation to results obtainad, since
the problems encountered are also of interest to development
anthropology in general. This should be Ltorne 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 {ield-testing progreém. Rather, as with any scientific
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experiment, failure c£an reveal) as much or more than "succese",
hopefully, whea't we have lezrned from the presen! generatijion of
enerqgy projects (including that at Tangeve) will lead to

improved methodolcgies eand evoid the repetition cf micstakes

LESO has approximately 1000 stovesz instajilad and monitersd in
rurel &applicetions. The engineering semple generated has provided
accurate infermaticn on manufacturing coste, time, level of
effort, méeéchine toal needs:s end many other factore, includins
performznce measursments within lsbkorztory anvironmants

Whet he not been attzmpted within the framework ¢f Lhis preyect
ct

th

(becaus it is Eroaramrmed {for &n urtan ctove Frogs t{ be
implemented by [EZ0 tnd VITA)Y 1=z the tremnstormetion of the
present metellic ztive Inte & production untt, whizh gn Mzl will
almost certeinly vary 2 2 function ¢t the tocling zvzilable. and
the econcemic standing of the uszer H=nzs 1t is not enticipatad
there will be one stendard stove The ne=d for stove quality may
well vary 3c¢ross ths mzrk=t ranaing {rom & cheap non too dur:zble
model Lo @ mors costly product demenstreting hiagher 2fficrency
and extreme Jursbility Thzze gctors will bhe eddressad juring
the VITA/LEZQ urben slove projecl schedule to begin 1n the sp1ling
of 85 Input from this preoject will be available fo: asesasecment

during this eveluation

The technical perfcrmence of Improved wcodstoves has been well

eatablicshed The life of fi=21d installed metallic stoves has not
been studied in depth, but many projects, both in Meli and
regionally, are avallable and cen prcovide information to

supplement the {findings within the EE project .

LES0 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 {or
comparative reference in this context.

Impreved woodstcocves have been a popular technolegy with many
projects throughout the Sehel over the last five to seven vyears,
but it is only now, after more than f{ive yvears of disappointing
results and dicsillusioned users, thet sufficient is wunderstocod
about the enginesring, training, and user aspects of the
technology to avoid the earljer pitfells and provide a product
which is needed and accepted within the rural and urban market
throughout the Sahel. En assessment of LES50’s involvement,
findings, difficulties and the cost of this extensive learning
experience must ell be parameters for asscssment.
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