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, ABOUT TtiE SUB-CONTRACTOR ,
(DEPARTMENT OF STATE FORfgADE,
, INDU.STRY A'NDEMPLOYMENn '

. -' '.

;. 1 •

The Department of State for Trade, Industry and El11ployment is the arm of government
responsible for. policy formulation, advice and implementation with regards to:
• Energy matters including petroleum and mineral resources
., Trade and consumer protection , ,
• I'1dustrial and investment promotion inclUding sm~Hand mepium ente'rprises
• ' Hu'inan resourcesand employment issuesincludihg Ia:~~urmatters.

MISSION STATEMENT
, ,

The Departmerit of State for Trade, Ihdustry and' Employment 'accords top priority to' evolying the
appropriateeCOriomic; political and l~gaJ en,yiro'1men(a,nd to' build a'sound,' reliable-and'
sustalna~ie infrastructure with a, view to; .Increasing:' the':attractilJen'ess, of The ,Gambier'as 'an' '
investmenf.destiria"tion by': ' . ~.. . .' .. '.. < • '. ". • :, '

~ 'Encouraging a'liberalized system of {rad~"tharadt~Hied:','~yf~ir' c;ompetitibn'with'as little,
;,i~te:rven~ion'fromG'overnm~nt'as'possible; , ' , ::>; ': ' ',' ,

• 'Ensuringitheavailabllity ofaffordable,reii'able,and'efficlentenergywith Iittie or,no damage to
\. ' '\ .' -. ."

"the envrro,nment; , ',,' ; . ,
• Developing the human resou'rcebas~ neededby both the public and private sectors;, ,
.F~cilitate ,rapid socio~econorriictra:nsformation alJd:' rl1o'dernization .t.hroug~',:accelerat~d,<

, industrial deyelopment. '.'
,', '

•. . - . • - _', 1'-.. j

To achieve the stated Overall objectives, the Department o(State hasthe following ma:ndates:; ,
'. "'Formulate and implement national trade policies to ensur,ethernaintenance of liberalized trade,;"

• ' " '." F " " ,_ : '_ • '. j

, policy regImes; , , , '
• 'formulate and implemen't nat!onal industrial, policies ~Q: facilitate the orderly socio-econpmif,'

transaction and modernizationp'rocess;' , ,
• Formulate and implement national'energy polici~s to ensure the availa~i1ity' of reliable,and

,efficient energy supply ataffordabl~ priCes; , . ' .•
. , " . \, .. ' ,

• ' Formulate and implement the.na:tiorialhuman, resourceat1<;!empl?ymer,lt policies ,to er:1sur~the.;
,building; ,strengthening and effective utilizationof.h,~man capaciti,es oL~h,e ..co\.!otry J~)I;'..

,5ustaiIJed development; , ' . . _ _ "
. .,Formulate ,and implement the nationaLp9licies ,fo(th~effectiy'~ an<;l~fficient ~xp!()itation..of the

',country's mineral' resources' for :tbe,djversification, oJ,the 'e~<?rlOmy'in~o, proceSSing'?ind,
rlJanyfacturing enterprises'~Qn~i?tentwith, .the 'preset"llatrori' ~f'?i: sQund emd",h~althY.

,envir'onrri~nt;' . , " .""'" ' " ' ',: '
• , ,', ' .' t.,. .' j. '.

!, .To geherateandmaintaina cOIJ~jnu~,lly~,:revi)eyv~dNatroh.al Tra~ePrpm~ti.o[l S,tr~tegies,'that,
succeedsthrough time in achieving 'pos.itive commitments from The Gqmbia's targeted foreign
':i,nyestors; , ", " ': '

.' p'rovide general managementservic:es,thatensure theeffect!ve flinc;tioning Of the policies and
Jor im;esti11entpromotion ..

The Department of State is,headed by the Secretary of State, assisteq by the PermCirientSecretary,
two'(2) Deputy Permanent Secretaries,heads of,Divisions/Units and support staff~

"

The Departmentof State is,organisedinto.five divi~ions as follo~s:

,'- .. -



(.i) , .' .Energy Divisi~n. . '. ,~> Ii' " , " '~.

"The' overali objective of the Energy-Division is the formul.ation'and:il11plementation of. policies and
, progr~ms in the energy sector for prpvis'ionofa reliable, afford,ableandefficient energy services to
the population. The e'nergy resource-base of the country is limited. The Gambia relies almost~ '

entirely on biomass fuels and imported petroleum products to meet her energy requirements. The
main energy resources in the country comprise Fuelwood, Petroleum Products, Electricity"
Liquefied Petroleum Gas (LPG), and Renewable Energy.

(ij) Trade Division
The main function of the Trade Divisior) is the formulation, planning and management- of trade
policy. The Division is the arm of thE!Department of State responsible for trade and trade-related
investments. " ' " .

, (ijj) Industry and Investment Division
, 'The,Oivision isrespor]siblefor the formulation of industrial and investment policies to ensure that a

, condücive~nd ch'a,Üengingervironmeht'is in place for investment and the m'anufacturing sector in
order ~oenhance its contri~ution to the economiCgrowth and development.
: .'. . ' , . " '.,. I . 'i' ',' '; '. c,' ' ,"" " ;' ~.".,.,

" '(iv)' Human'Resources Development and EmploYni~ntDivision' " " . " '" ...
, The overall obje~tive ofthe Human 'ResQurcesDevelopment and EmploymentDivlsion is to develop

poiicies, programmes and projects, analysis and evaluation in Human Resources Development
(H'RO),empioyment, 'soc'iai'sector including health, 'and education, population; irifor~alsector 'and':
medium and smalle~terprises,(MSE), labour, and,private sector capacity build!ng:, '

t ,.. _.. . ,,' . . , '. \.;' " .

, J' I .. ::~ . _.:'-' ;,<.""'~'~. __,. ~ ", . '_
(vl'.' P~t.roleu'mExplorationandProduction Division, ," ,
The main objective ,of this Division is the.administration of the Petroleum Act'and Regulations in ';
accordance with the provision of the Act. The Division is responsible for the development and >

formulation of policies and strategies for the exploration and production of the country's petroleum
res6ur~esand the pro'motion of The Gambia's hydrocarbon acreage. ' ,

~.. , ~... ' ' . .', ' .'- '-: , . " ~ .', .

Ir{addition to"these Divisions mentioned above, the following units, housed outside the Department
of State's building, .also fall under the, purview of the Department of State:

. ., .• f

, , '"

Geological Unit'
. .1.

S'tandards"and'Consumer'Protection ,Bureau
L,abourDepartment "
Inqigenous BusinessAdvisory Service; and
GamhiaRenewable Energy Cel'!tre(GREC>.
... /
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ICS/UNIDO GOVERNMENTTRAININGCOURSE ON'-; "
"BALANCE OF SYSTEM AND PV APPLICATIONT'ECHNOtOGIES' '

BANJUL 21':": 24'MAY '2001' '"
, , :.

, .
, '

INTRODUCTION

'. ,

,;

,'" J ,'" I,. ,I

The International Centre for Science and High Technology UCS)/U NIDO in collaboration with the
Government of The Gambia conducted a training course on 'Balan'c~ of System and Solar PV
Application Technologies' hosted by the Department of. State for Trade, Industry and Employment
at.the Tafbel Masionettes, The Gambia21 - 24 Ma~ 2001-. I '

The training drew lecturers and participants fr~.r:n ICS, UNlDOI,The' ~ambia, Italy, Senegal,
Guinea Bissau, Guinea Conakry, Mali, Sierra Leone, Ghana, Benin, Ni9~r and Nigeria: Overall,4
internation'al Lecturers from' Italy (2),Mali ,~l)..anq 'Nigeria (1)" 2 Gambia,"lectl!rer~ and
represeri~ativesof UNIDO, ICS and IC,S Consultant attended.' 11international participants were

. dr.awnfror:n the ECOW~~ mem~er countries 'mentioned above ~nd 11 Gambian p~rti~ipants also:','
, attended." " " ' ' ' .' . " ",' , , ' .. " .

_,' I" •

Th~''tr~in'iiig' course took the 'form, ofledt~res,CJiscussioi1s/' and co~ntrypresentat,iorls:6ri the'
solar/renewable erJergy situation in ,their respective countries. ' In addition t9 ,thelectur~s~ there,
was a 'solar energy ,show organised' by ,the Depa'rtment of State' for Tracie;: ~ndustryand'
Employment at the Gambia R'EmewableEnergy Centre (GR'EC) on Thursd,ay 24th Mäy'iOOl andä'
fieldtriporganised on Thursday afternoon, 24th May 29.oJ.,to visit,asolar wat~r)u~pi~9~st~ti9,n,

• • . , • . _ .' - .' ~ " :.::1:.... .at TanJI near the beach. ,,'" ,,' .! :": ':\," ','" '
::' ;" .;' . - ' '.. '" '.. ::.\'l~L~~~:..:: ", .'

The following lectures/presentationswere m~de,durin~ the training workshop:.:' . ,1\ft~:l,\":" "
• 'Splat' Radiation and Energy' was presented by Mr. Bah F MSaho. This paper pres~!1tedthe

, basic. concept' on solar radiation, ~~e:e?lrth,'s energy budget, geometry and cOrrl,io"i1ents:,of
radiation, tti'e effect on the earth's 'atmosphere;' arid the measurem'ent and estirilation';cif solar
radiation .

• "pV 'Cell, modules and array' and 'Grid connected, stand alone cHid hybrid'systemgi'were:
. p'resentedby Dr. Mahm~do,uLamin Tou~e.' :' ',,' ' ' ,." ,'" ',,' ':','

.• :Pro[ Giuliano M~rtinelli presented' lectUres'on 'PV' 'modules: Desdription::of:the':~arn
'technological processes', 'How to 'perform an easy characterization of' cells arid modules','
'E~arnples o{sizingPV system~/Cl!lcj\a~v~nc~d cel.lscm~hyb.rid7themic sy~teins/~,,; "'," . t::

.' ~Power needsl!1 an' African famUy!i:omitiuhity,'and' PV design and,appl ication' were presented, '
. bY, Pr'clf. "R. -I. -.Sal'awu., .. '. . " ..,', ." . '

" ...: ,Mr~ Larnln A,~ M~~Njie 'presented,apaper, orithe' Energy situ'ation i'n:The Gambia and s~rä~
~. ",.' . .',' 1." .• 1 .

'PV appi ication'. Th~ presentation' covered vari.ousforms. of~~ergy'consumed in The ,Gambia,
th~.country's ,energybalar:it~,ahd the'u~ilizatio,n'ofSolar energy. ,

• Prof., Paolo Pinceti dellv,ered lecture~ on 'PV integration in small utility ,'grid ~ general
aspects, applIcations ah~.integration's by.PV ahd batteries')nd 'Experimentarresults ora test
'site'.

Finally, Mr. Anthony Broml~y of UNIDO gave a presentation on 'the proposed solar activity
project inThe Gambia'.

. ,

In addition to the lectures, there were also country presentations on the energy/solar energy
utilization in t)1erespective coUntries'Of the participants.' ,Theseinclude:

I



• U,tiliz~tion of SQlarol;nergy in,Ghan~',
• Renewable En~rgySituation in Sierra Leone
• SenegaleseExperience on Solar Rural Electrification
• The Energy Sector in Senegal (Time was not available to present) ,
.' ; Country report on'renewable Energy Situ,ation in Niger
• RenewableEnergy in the Decentralised Rural Electrification Programmes in Guinea
• :rhe Use of PV-Based Systems in Guinea Bissau
• Solar Energy for Remote Areas in Benin and
• Experience of Mali in the Field of Solar Photovoltaic

In addition to the presentations, documents were forWarded by John Ngundam of Cameroun and
Nelson Obyo Obyo of Nigeria, both of whom could not attend the training workshop due to non-
receiving of their tickets. Their presentations were: '
• ,PV Power System Applications by John Ngundam and
• Strategic ~evelopme-ntsin The Nigerian Energy Sector

6ahFM Sahö",'
Acting Direc~or of En'ergy
Department df S,tatefor Trade, Industry and Employment ,:-
Independence Drive"
Banjul, The'Gambia,' ,

.;",

.,':,
. . ", ~.
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GOVERNMENT OF THE GAMBIA
Department of ~~te for Trade, 'Industry and Emplöyme'nt '

Training'Course'
on,

\\Balanceof System and PV Application Technologies"
, , .' . ,."

. I

, .

21,-24 May 2001.
, Bar\Jul~th~:Gambia

Sponso~edby:
ICS-UNIDO andThe G'ambia Government, .

" .:..

'.-; I"

'. Hosted by:,. "
The Department of State for Trade, Industry and Employ~ent

Programme

Monday, 21 May 2001'

, .... ''-~::~,';~,..
. ,'t',-,-, 'I.

. ~."
... I,---r

,','t',

08.00 - 09.00 Registration
09;00 - 11.00 Opening Ceremony - Chaired b¥ Acting Director of Energy, DOST!E ,

.Statement by.Mr. l<enichiUshikil';Area Director ofICSHighTechno!ogy and :New.
Materials " " ., " ". , ,', ,.' ,\, .
Statement by Mr. Umberto Moschella, Consultant for,ICS Photovoltaic Sqlar

, . ," .. " .' " ' ... ". , ~ ' .
Energy Subpro'~ramme .. :. '. :' , '. " . " .....
Statement by Mr. Musa H,Si!lah, the Honourable Secretary of State fb,r Trade;

, , , , . Industry,and Employment " ; ,
).1.00 -11.30 CoffeeBreak < '. ,'., .
'11.30"':' 12.00 Self Presentations by Parti~ip~nts ' ,
12.00 - 13.00 'Solar energy and 'radiation' bi.M r. Bah,F M Saho, The ,Gambia
13.00 - 14.00 Lunch' ,
14.0,0'-14.45 'PVc,ells,mos:lules and array' by Mr.'Mahl11adou LaminToLJre, Mafi
14:45 -,15.30 'PV modules:' Description of the main technological' processes' by Mr. Giuliano"

Martinelli, Italy
15.39 - 15.45' Coffee Break ,
15.45 -16.45 'How to perform an easy characterization of cells and modules' by Mr. Giuliano'

Martinelii, Italy
16:45 -17.35 'Examples of sizing PV systems' by Mr. Giuliano Martinelli, Italy
17.40 -,18.10 Utilization of Solar Energ¥in Ghana by Benjamin Agyare and Mahama I<appiah
18;10 "':'18.25 Renewable Energy Situqtion in Sierra Leone by Dr. David L B I<amara



, 'Tuesday, 22 'Mai2001 .. - . . ~.". ,

. .~, " . ."",. "

09.00 - 0930 'Adväncedcells and hybrid PV.;th~rmic systems' by Mr. Giuliano Martinelli, Italy
,09.30 -10.30: 'Power,need in an African family/comm'unity' byMr. ,R.1. Sa'lawu,"Nigeria ., ""',
10.30- 11.00 Coffee Break
iI.oO -12.00 'Grid connected, stand alone, hybrid systems' by Mr. Mahmadou Lamin Toure,

Mali
12,.00 - 13.00 Senegalese Experience on Solar Rural Electrification by Ibrahima Dabo and,

Mamadou Kanoute
'13.00 -'-14.00 Lunch
14.00 - 16.00 'PV integration in small utility grids - general aspects, applications and '

. integrations by PV and batteries' by Mr. Paolo Pinceti, Italy
16.00 - 16.15 Coffee Break

. 16.15-17.00 'Experimental results of a test site' by Mr. Pa'olo Pinceti, Italy
17.00 ~ 17.2,5 Experience of Mali in the Field of Solar Photo\(oltaic by Alhouseini Issa Maiga-

. 17.25 ~17.45 Country Report on renewable Energy Situation in Niger by N~ssourou B.ello

" :.-

"t" .' •

,Wed~esday;,23 May2001 ..,' "'., ' ...... , .' '",' ."-, -. .
, . ',;.... '"

. . "

"j, I

'., .
': ~.

09..00-'10.30 "PVdesign and applicatiQn' by Mr. R.I. Sa.lawu, Nigeria'
10.3Ö~ l1.00".~offee Break , ::' ,,' ., :' ' , ': '," ,
11.90":'12.45,'Energy situation in the Gambia and solar PV application' by, Mr. LaminA.IV!.:"

" .'. ':;,;\ . ',:'. ,: Njie, ..TheGa,mbia :" ... ," " ." .{ J

.'12.45.7:i4;op.,Lun:ch ..'.,.....> ' ,> .:. .'" .. ,' I,'

Ill.0Q;.-.)5;30,.~Thel.pr,o.posed.solar',~cti.vity. project in the Gambia! by....Mr:Anthony. Bromley, ' •.'; ?,

, , ',.'!," ',' .. Austria '. '. ',', ,
..., , _\ . ,f- .' , .. '_ "_,' , " . _ " ,,: I',j .' •.•

15.30 -:-16.00 Renewable Energy in the,Decentralised Rural Electricity Programmes.in Guinea by ,. ' .
. '_ ., J • '_ • . . , , _" _ • -,.' , .' , .

"'" " Alkhaly Mohammed Tahey Conde "', , ' " , . • ,;' ",' " ,
'16.00 - 16.30 Coffee Break.
l6.30:.....17.'00.TheUse of PV-Based Systems inGuinea-BissaubyRaimundo LopesJoaq " ,', '.'
17.00"':' 17;3~, Solar Energy for Remote Areas in Benin by Daniel Assogba .

Thursqay, 24 May2001' , ~.' , " '

;1 ..

conc.!LJsion' re~a'rks by Mr. Moschella:.;

,, .

: ; ',_~- l •

09.00:, Depart the hotel f()r the Gambia Renewable Energy Centre (GREC)
09;3'0- '11.30 Op~nin'9or'the 'SQ!arEnergy Show' ' . '. '
11.30 -12.30' Return trip to the Tafbel Masionettes
l3J)Ö:_: 14.15. Lunch',' " .,": "f ' ',<., . ' "

•' .' 14;15,~15.3Ö: c<5ncIJsion,;'I?Yrv\r.UinbertbMoscheila : .
, C;: 15:.3,O"'::'.l7.00'Visit'~o S,olar p.v. Water Pumping:Installätionat Tanji'

'~"" ... > . .-l,.. _ . .j"; ';:' _." __~~ '~,.; "':. ,'."_-.. .; .'~ ... _~_,,'; .~' ..'\ :.,~.. /'
,NOTES: ,

l.. '",. Each item il1clu.destime fQr,~iscussions."
, '~_. I • _ '. • ,.' . .: • :. ' • ." '.. ..,". " ' ,

2. ", ". ' The questionnaires, werecompi led. during, ,the, :. :,'i." ,"- '.~'.- .:" '. .': /.-;.' \ Y ,. - .' .' ".

• "~I.

: ,~. '.
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OPENING SESSION
).. ' -

: .. ".

• i"

...; :.J ,~), 'I " 1 :' .',! . \.~

OPENING 'STATEMENT BY THE HONOURABLE SECRETARY OF STATE~FOR TRADE,
INDUSTRY AND EMPLOYMENTAT THE ICS/UNIDO & GAMBIA GOVERNMENT'TRAINING'
WORKSHOP ON BALANCE OF SYSTEM AND SOLAR PV APPLICATION TECHNOLOGY

Mr:Chairman; "
Distinguished ResourcePersonsfrom UNIDO and ICSj
I CS Consultant, . ,
Distingui~hed Facilitators and Participantsj "

.It gives.me great pleasure to welcome you.'all to Th~ Gambia and to this very important training'
'workshop, the first ot-its kind tobe held iriTh~ Gambia,. .for those'of'you visiting The G~rnbiä for
,the 'first time; I'urge you to 'take some time :off'you'r'busy'sch~dule',to' explore'some,of'~the:
attraction~' that The Gambia offers. ' ,

. On behalfofthe Government and people of The Gambia, I wish to express our appreciatio'n to the:'
U,:nitedNätio'ns Iridustrial Development Orgqnisation (u NIDO> fororganisin'g this verx"important:
training cC?ursefor participants 'froin Africa and in particular, for holding it in The Gambia.. I also' I,

wish to take this opportunity to tha'nk the International Centre for Science aridHigh.Te'~Hhology~'<:'
<ies>, for choosing mY Department of State to host this training course.' I' arri.aware! oHhe series:Li"

of corre'spondence,betweenICS, UNIDO and 'my Department'of State to ensure the successof. this: '
trairiingworkshop .. I wish to recognise the' rioph~efforts of Mr. Anthony Bromley of:UNlbo,' Mf')';("
Ushika of I CS and Mr. Moschella - I CS consultaht.'!i:~"i,

, '

The workshop is very timely, coming at a time when the der:nandfor alternative' sources oferiergy,C
such as solar, wind and biomas' is on the increase glpbally. However, Africa> which has 'an:
abundance of these types of energy,' make minimum use of it. The continui'ng lack of access to
sustainable' energy sourCeSin many coyntri~sis c~using ser,ious, ofte'llife-threatening:"~conorri!(/
sodal and ecological ,problems: Therefore; 'the' rieedfor greater sensitization and training cannot
be over-e'rriphasised. " . . ," " ' . ' , .". '" ' ",' " "1',:', ',>

, ,
, '

, '

Mr~ Chair~an, The Gambia like manyAf,ri:cancountries depends e~tirelY on,im-pbrtedpet~oleurr{
,products for its modern',energy requiremer'its~for electricity geri,eration and transportation: ;:this",
heavy.dependence on ",hydrocarbonsis'resultingih', serious'bala~ce" of payme~ts' problem;":cind:
constitutes a drain on our,lim,ited foreign exchange earnings arid cl tnreatto s~curity'ofsupply aria:
the environment. "; ',; . , '

This ~ituation is undoubtedly not s~stainabl~.. Rapid pop'ulation growth and uneven and faster
growing demand for resources; coupled with the threat of limited resources and:the- grqwing
awareness of the negative impact of their use, require us to plan and rethink our energy economic
system.

. ' ,

Cognizant of theseproblemsj the Government of The Gambia has shifted its policy'to diversify its
energy resource base by putting emphasis on alternative and sustainable forms of energy such as
the sun, thewind and other ren~wableslike biomas. This shift in government policy is manifested
in:



. -, " ~ ....., ., .. ':-._- .... -~-.L
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3.

, ' the est~blishment.of the.Gambia Renewable Energy Center (GREC) ..
the removal,Qf customs duty on imported solar panels and

,the encouragement of private sector participation in the renewable energys~ctor. ;' •... ::'~:

My 'Department of State will continue ~to support and develop appropriate poliCies in 'the' so'l~r'
energy sector for the improvement and expansion of this vital energy resource for socio-economic
development. I am pleased to say that in The Gambia, solar PV technology have been applied in
the areas of sppce lighting, powering of televisions and videos, water pumps, refrigeration, and
telecommunication repeater station espe!=iallyin the remote parts of the country.

Mr. Chairman, please allow me to throw some lights on the significance of this trai~ing course.
We are all aware of the potentials of solar PV equipment in Africa and that Africa has a vast
experience with excellent solar regimes.' However, to make good use of these solar energy'
resourcesjthe.solar equipment must be available, the people sensitized and the ,equipment
installed. Today many 'solar energycompan,ies and institutions have been established on the"
African continent. '. However, for effective utilization of the equipment, proper. installation of these
so!ardeviceshas to be done otherwise it defeats the gains already made in thesolar PV'iridustry.
The significance of this training wo'rkshop is to provide the required kt:l0wledgeand ski.lls,to do
that~ "Italso prov'jdes a for!-lrrlfo~ the,exchi:mge of experiences in the use of. s()lar PV technology'1

• : j- .• \' ' " ' .. ,,- " ,.,.' ',,',. ." '. ",

This is l!ndo!-lbtedly beneficial to ourcouhtries. '.' . :' '"

• -it

,. ',"j

. ß \

I

i'
I
i'

I.:

/.

In.:,The Gam,b]a;,while my Departmeri(ofState. is coptinuing to encourage the establis~ment'ofi'
p'riYClt~,solar,;energycRmp~nies fqrthe provision of solar energy systems, we pre min,dfutof ,the
inlportance[.,,~Ofstapdard, pra~ticesanq procedures for "sQl.ar PV installation,~ that needs t(),;be"
obselV'~c!,by pli privp,teoperators and their technicians: The good image of the"solar. PV:indu'stry,: .

'"c~n,,~nIY'ibe.preserved"where the technicians,'engineers,7Jecturers and vendors~have.the, required.
skills and competence,to (l)advise, properly, (2) size the systems accurately and(3) install the;,
devices profession':l"Y.. MYdepartment of state is hoping to come-up with a training package soon, ',,' ~'
for training and certificating all tec,hnicians in the country so that they could.,provide thedesir,ed
setyices to their cu~tomers. " '

In con'e1usion,Mr. 'Chairman, 'vVhile,Afric~ has vast experience in renewable energy technologies,
Africa, still suffers, frqrp acute. lack of access to and comparatively high cost of solar;;'py
technologies. f J therefore challenge p(irticipants to this workshop to prepare a catalogue of ,~oIar
PV,technologjeswith application in Africa and to find innovative ways to finance renewable,e'1e,'rgy
appnc~tions at the iriitial phase of their dissemination.

F,inaUy,r tak~ thisopp,ortunity to wisha!l of Y.ou,a ~ruitfultraining session.>To the participantS, I
adrnonishyouto make maximum (idvan~ge 'of this opportunity providecl to acquire the .s,kills,'an( ,
to''transferthe'kndwledge:to othe'rsiriyour respective ,countries. . '. '. .'; . "

- "'"', > " '.c " .' • .- -. ,." ," '. \

,,-~-:_,,"--;:',"_ ~-_',I.' lo,_"'~~'" ,_ . ;'"

'. ILls,my pleasure to declare open this workshop on Balance of.System and Solar p\I Application
technology." . .' .., , .

.. I,t~,,~kyoU:fqr, YOl,J.r~kindatten,tion.
. ',i- ,:, .

May2t 2001

• '"r
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'l'X ,". Introduction • .: • • ~; ~', ' ' •• - ,.' 1 • "'.

" .
• I.. ~.'

The Sun. has provided all the energy that we utilize known as SOLAR EN ERGY. It drives the
w~ather system'oy causing heating 'of the atmosphere leading to ,atmospheric'pressure'differences;i.
w'ind; rain, waves,' etc'.'AII. plants and trees absorb solar energy throughphotosynthe~is while they'
are growing and iUs that energy which is' releasedwhen they,are ~urned as fuels .. i", .... ,r,. '('~~~;l,~:'

:.. .' ll .•' : : ..;. '. : \ . • ':\ '~"":'\' ",:, :t.";;~"i.-:ii':":

These fuels (coal, oil, and gas) were formed.by plant matter decaying over~i.iliöns 'of,ye~rs/:s04~i~~.~>,,..... '
fadthatenerg~ originally came from the sun.' That solar energy:was 'collected over:'millions"ör.','
years by plants and processed in the ground over millions of years. We arenow'using.that storecJt';.. ' .
fossil fuel energy very quickly~ . ,. ' .. :l~f~;"

" .
~~.t;..: .
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.2.. The,Ea~h's Energy Sudget
i,;

',l \. . ," ,

.'

The earth is in an energy-equilibrium with respect to r~diant energy received from the sun'and its .
own 'emitted radiant energy. Both the earth and the sun can be regarded as full or black body. Th~. . .

Solar-surface-atmosphere energy flow. as shown in figure 1 above, is a simplified version.. As .
indicated in thefigurej energy cannot be created or destroyed. It has to come from somewhereand
go somewhere.

3.Solar Radiation

Solar radiation, arrives on the earth at a minimum flux density of about 11<Wm-2 in a wavelength.
band betw~en o.~ and 2.5 micrometers (Ilm). This is called short wave radiation and includes the
visible spectrum. For habited areas, received fluxes vary widely from abQut 3 to 30 MJm-2day-l, :
depending on place, time arid weather. The quality of the radiation is characterized by the photon
energy of around 2.eVas determined by the 6000 I< surfacetemperature of the sun. This is an '
energy flux of very high thermodynamic quality,from an accessible source at a temperat~re very
much greater than those ,of.conventional en~inee~ing sources. This flux can be used thermally with

'devices relating to convention", engineering (e:g. steam turbines), and more importantly with). . .,; ,
methods developed from photochemical and photophysical interactions.' .e ..

... ' .. . . ... '.' . .' .~. '. ..
Radiant ei1ergy.jluxesr~latingtothe earths atmospheric and surfa~e temperatureare ,also~fthe:.;'
order, of 11<WIJ1-2,but.occur .in a wavelength band,between about 5 and 251lm, called long wave

'raqiatio.n,peakingatabout.10.1l1i1.,.,,:,,> ",' :;' ,,", '.'0 ",e"'" '.'

Th~;'s'hort'a~~~:'10~g;w,ave;~r.adiati6n'regi~~~.can.be treated as' quite distinct' from each~othej..,oTh~;
proportion ofso,larradiation, th~ü reaches,()urdevice dependson geometric factörssuch as latitude, .
and on atmospheric factors such as absorption by water vapor. . .

.'i •.•.,~. ~..

, c

4. . ' "

Extraterrestrial solar radiation
.', .' .

Nuclear fusion reactions in the active core of the sun produce i~ner temperatures of about 1071<
arid an inner. racliation flux of uneven'spectral distribution. This internal radiation is .absorbed in
the outer paisive'lay~rs which ar.eheated to about 58001<and so become a source of radiation with
a'relatively contfntJousform of spectral distribution.

i
i.

/:
2000

o
, 'I . . 2 '

" Wavelength ).film, .

• :11 '

3

..;','
" I ;

,"~' .".

Figure 2 " Spectral distribution ofextraterrestrJal solar irradiance, G*0"" (NASA standard curve,
NASA, 1971)"' :

Figure 2shows the spectral distribution. of the solar irradiance .at the earths mean distance,.
uninflu.encedby,any atmosphere. ~ote how his distribution.is like thatfrom a black body at 5800

..'., ,"., . .

• j
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K ,in shape, peak wavelength and total 'pQweremJtted., The areabeneaththis'curve ,is the, solar
constant G*o,= 1367Wm.,...2. T~is is the 'radiant flux density (RFDl i;ncident:'Ori'~plane directly
facing the suns rays, above the atr,nosphereat a distahceof 1.496 x 'lO,A 6km from the sun (i.e. at
the-earths mean distance'fromthe sun). The RFD actually' received'bythe top of the atmosphere
diffe'rs ,from the solar constant by less than' j: 1.5% because of fluc~uation' is the suns radiant'

, ,

output, and by :!:4% through the year because'of'the predictable changes in the sun-earth distance
arising from the earths slightly elliptic path.,' ", '

The solar spectrum can be divided into three main regions:
(1) Ultraviolet region 0..< 0.4 J.l.m):9% of the irradiance
(2) Visible region (0.4 J.l.m<A. <0.7J.1.m):45% of theirradiance
(3) Infrared region (A. >0.7J.1.m):46% of the irradiance '

The contribution to the solar radiationJlux from wavelengths greater than 2.5J.1.mis 'n~gligibie; and
ail three"r~,gionsar~ dassed as solar short wO;veradiation. ' , ' '"

5: '
, ,

tampo'nents of radiation, , "

, '

söla~ 'radi'ationinci'dent 'on' the atniosphe~e' f~om t.h~'''directionÖf :'tHe' sun';'"i~;' the; solar
I, , • , , .: . , • ,", 1 "'~' • ",' • _ • ".' ~ I \ , ' "... , • _, , "', ," ',.'~: , : " . •

extraterrestrial beam radiation. Beneath the atmosphere at the earth's s~'rfacei the radiation wi II,:'
be obs~rvable from the direction ofthe suns disk:,in thedirectbeam, and also,from other directions
as'diffllse radiatio'n; Figure 3 is a sketchof howthis,happens." ":. .,', ,!

"'; ', ..

The practical distinction betwee'ri the twoc9mponents is that only 'the 'beam component can ;be;i,~""
focuse"d.. Even on' a clear day there is some',diffuse radiation: The ratic{, between the' beam',;"
ir'radi~hc'~':and the" total irradiance thusvarie~ from' about' 0.90;' a clear day ,to,:zero '6n' ~~d~},,;,
cq,.npletely ov~rcast day. :. .....; ",-.. (; .:..A. :.::'. ::~JI'~I~

. :->~.~ ~~, ',',:(~,".:~:,.
Ii is important to distingui~h thevariou~ components ofsol~r raqlation and to ,distinguish the'plane!,,,:,::;

'on which the irradiance is being measured. " " ';~;,;;.~
..... " 1'.
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~ ~' . . Cloud and d~st

d,,'" '.'> ~~:~ ~. ".
" beam l\ borru"; , '

.. , . "
Fig.3 Origin 'of direct beam and diffuse radiation
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6. Geometry of the earth and SUD

6,;1 In~Dltlons"

Fig, 4 (oPPosite)'
Techniques III measure
various~omponents of solar
radiation. Th~ detector is
assumed'to be ~ black surface'
of unit area with a filter to

" exclude iong wave radiation,
, (a)' Diffuse blocked, '
, (b) (b) Be~m block\,(!, (c)Tot~1
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Equatorial
plane
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figure 5 - Definition sketch for latitude<t> and longitude \II (seetext for detail>
i,

figure 5 showsthe'earth. It rotates in 24'hours about it own axis, which defines the points ofthe
not1~ and ~outh poles Nand $, The axis of the poles normal to the earth's equatorial plan. In
fjgure5, C 'is, the center of the earth.' The point p on the' earth's surface 'is determined by 'ItS'

, ",,1~ti~u~e;,(I)~al)dlo~gitude\jI. <1>, js po,sit,ive for, points nor(:h of the equator, negative ~outh:of the ,
,e,quator: \II i~ rpeasuredpositiveeastwards from Greenwich, England. The 'verticalnorth-soiJth'
'pla~e through P,is fhe' local meridionafpli:lne. E and G in figure 5 are the points on the equator
having the same longitude as P and G'reenwich,respectively. ' , '
," ..' ."' . , .. " ..

dnceever/,'24 hours the meriodional,plane tEP ir:lcludesthe sun. This is noonon,solartim'e for:':aIL',
, '" poinls~a,Jir~,that 'fong'itud~,:,'Clocksd~ no(n'~cessarilY' read12:0Ö at sol~rhoon~"m~dn!y,becaus~:,"';' '

',j; ":,,,. );iyi!)Irl1e,}ri~hi~h,th.ey.are,~et,is,define~ so,that,IC3;~geparts of-a country, coveripg' upto 1'5° of:'
19r9ityd.~d~i;lre,.the samecivil time,. Le: those,places, are all in the same timeZol1e,Resettihg;tbe

,'! :.' " l,';, ••.• ', '.,,",.. '. ",", '.' '. ' .' ••

'clocks for. ,'sllmmer time' means, that solar time and civil, time, may differ, by: over one hour.;",', ' ..-,, ¥ ore6'{~r, 'the ellipticity of the earth's~rbit around the sun means that iUs not exactly ,24 hours' "
between successivesolar noons,'although the average interval is 24;000 hours." :' ' '
.. , . I.

The earth revolves around the sun once,per year. The directi.on of the earth's axis remains fixe,d in
s'pace,at an angle 0 =23.5°away from the normal to the piane of revolution (figure 6). The angle

,'be~een the sun's direction and the equatorial plan is called the declinationo,and prOvides a
,convenientmeasure of seasonalchanges.
, ,<,-" ' " , " ';, \" (,

6: ' Latitude, s~asonand daily insolation
.', '

. '/'

, Th~daily ins91ati91:l~,is'the tot~1 energy.pe~unit area rec.eivedin one~aY from the sun.
''.

, ~ , ',. ;,'

.' . .
Fig.' 6 The earth revolving around the sun, as viewed from a point obliquely above the orbit (not to scale I).
The heavy. 1ine one the earth is the equator.. : '

',I.
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Figure 7 - The earth, as seen from a point further along its or orbit, at various times of the year.
Circles of latitude 0°, ::!:23.5°, ::!:66.5°are shown. Note how the declination ö varies. (After
Dickinson and Cheremisinoff, 1982)

"

Figur~. 7 iJlu~trates how the daily insolation varies with latitLi,de and season. The seasonal
variation at high latitudes is very' great. The quanti~y arises from three main factors:

f<, , I '\." \.

Variatiönin the length of the day sholNsthat the number of hours between sunrise an,dsunset;is:;",
. • I,' ." • • • -. _' . .-., , I •• . ~ - •. '. ~ •

. '. ;'

N,'= (~/15) Co~-l(-tan cI> tan',Ö)
, "~' " ,'\ • ,,\", 'oj. '.

,- .,. . '" '
" • J','

. '

At latitude 4So, for ~?<ample,N varies .from 16h in midsummer to eh In midwinter.
. ". . " " "I ,...." '

.:. ".Z.

, 'Sr ",',,'.1" ;. ,I ,
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FigureS -Variation with' seasonanqlatitude.of Hh, thesolci.r '~nergy received ana horizontal plane"on a'.'clear day. In summer,.Hh is aboLJt 25MJ'm~2day~(;at::alllatiJudes: In \,yinter, Hh'is ..m4ch.
les(.at h,igh 'latitudes, becaus~"ofshorter;: day' len.gtn,:'mor{.:qblique incidericea~d' "g:r~ater"
a~m~spheric attenuation."" ':' ',... .' .. ': "', ,. .' " ...., ',,',:,' ,'," ',: '

'. " I..... :~, •.. , _, .~.")~" /: ..",~ " .• ' ' ,;, \"

(2) Orientation'of recerving ,surface.. " ' " .,

(3) Variation,,inatmospheric'absorption. Thede~r sky ra'diation 'plotted in figure'S i~less than th~'
e'xtraterre'strial radiation because of ~tmosp~eri.c attention. This attenuation increa~eswithSz,' so
that G*b is I~wer in winter, effects(l) and (2). ' "::' , _'" .

I.' .. "

Although the clear sky radiation is a rather notional quantity; and actu~1weather 'conditions vary',
.widely from those assumed in its calculation,' figure, S st!l,.givesa useful guide to the: aver~~e
isolation as a function of latitude and season. '

..I
J



,7. Optimum orientation of a solar collector

.', I '. '. • . .:

A concentrating collector should always pointtowards the direction of the' solar beam (8= 0).
, ' .

The optimum direction of a fixed fla(plate collector is perhaps not obvious, however.,.The
insolation Hc received is the sumofthe bea'mand diffuse components:

16 Renewable energy resources
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(b)
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\ ,

". 'Figure:9': """ ,
:(a) Ir'radiarice ori'a horizontal surface, measured on three different almost' clear days' at':'
Rot'tlamsted (52°Ni OOW).' Nöte how both'the maximum value of Ghand the'lengthof the' day' are "',
much less in"winterthan summer. 'After Monteith (1973). '.,: ",'
(b) Typical variCltion of imidiance ana horizontal surface for a day of variable cloud. Note the low
values during the overcastmorriing, and the large irregular variation in the afternoon' due to .-"

, scattered cloud .

R Effectsoftheearth's atmosphere,

(a) Air mass ration
. '- .... .

T:he,:,di~tancetr~veleq ,bY",tl'iedirect,be~m.-t\1rough the atmosphere depended on the angie.of:
incidence',to ~h.e atrnospbere:(the,zenith:angle) and the height above. sea level o(the. observer,"
~figt.ire 10). ' We c,cmsider'a:.cIearsky with', no Cloud, dust 'or air pollution. Sinc~ the top of the,

'''atmosphere isriotweH"~~fi'ned, of more importan'cethari the distance traveled is the mass 'of.
atmospheri~ gases 'and, vapo.rs encountered; For the direct beam at normal incidence passing.,'
through ,the atmosphere at normal pressure, standard mass of atmosphere wi II be'encountered;' 'If"
thebea~ isatz~n.ith an9Ie,9~,:the'increasedpath length compared with the normal path is call~d"
fneai~ mass,ratio (or airmass), symbol m. the abbreviation AM is used for air. mass ratio~' AMI,

'refers to' zero atmosphere, i.e. radiation in outer apace; AM 1 Refers to m= 1, ie. Sun overhead;
'AM 2 r.efers to. m:=:=,2; and son on. Frbm figure 10, since .no account is' usually taken of the
c:urvature of the earth, M= Sec9z '

, "
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Normal incidence:
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Air mass ratio m = sec 8'
. ,l

Sea level
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Figure 10- Air mass ratio m = Sec8z

(b) Atmospheric absorption and related processes'

As the solar short wave radiation p'!sses through the earth's atmosphere ~ c0t'!1plica~edset of
interactions occurs. The interactions include absorpti'6n, the conversionof radiant energy to heat
and the subs~quent re-emission as long wave radiation; scatterin.g, the. wayelength dependent

. change in di~ection sothat usually no extra absorption occu~s and the r.;ldiation continues at the
sam~ frequ.ency;and reflection, which is independ~nt of.wayelength,'. These processesare outline~
in figure 11,. . .' _ .' ,:." '. . , " '. '", ' . . _'

.. • ~. i • '., •
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Retu:Wable etu:rgy resources
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Figure 11 - Effect occurring as'extraterrestrial'soiar radiatior:l'is incident up'on'the atmosphere, '...

- ",',:.' '.; ." ';..... "\,, , ':-" ~', .'~' • -~." ~,':'. ": • " ; q ~ : •.••• " ':--'. -.,~ •. :" :: ': :" ?,,¥,~ .... , . ~, ~.~, ' .

:T~e eHects an~inter~,~ti~n that~ccur, m~tbe.':,u.:~r:nar!led:~s:fpl,19~~=',:" ..." " ',',,':: /;; ~,:, ,'," t

.. ~'/" -~": '

.' ,

RefleCtion , ' ,.' ';, ,. . ., "':,,' ." '.
Onav'erage about.30% of the extraterrestrial :sol~rintensity is reflected back into.space: .,:Most.o(. " .. . .,. ~,-' - .' ' . . ' . .

the reflection occurs from clouds, witna: small'proportion from the earth's surface (especlallysnow'
andiceL '~he continuing short waye solar'radiation ,has flux density.'approximateIYll<wm~2.:, This
reflectior:l is called the albedo. , ' ,

Greenhouseeffect and long wave radiation. ,
In space, the long wave radiation frolT) the earth has approximately the spectral distribution of a
black body at 2501<. The peak spectral disfribütion 'at this. temp'eratur~ occurS ai10pm,. and the
distribution does not overlap VIi!ththe solar:~j'stribUtiori, . .'. " ' ;

'.

. I
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A definite distinction can be made between the spectral distribut'io~ ~ofthe sun's radiation (sh'~rt
wave) and thatfrom thethermal so~rces of the earth'satmosphere (Iongwave)~', The infrared,long ,
wave fluxes at the earth's surface are themselves complex and large. The atmosphere radiates

, down to this surface as well as up and out into space. When measuring' radiation or. when
determining the energy balance of an area of ground or a device, it is extremely important to' be ,
aware of the invisible .infrared fluxes in the environment which often reach intensities of.1KWnic,2

>.

The effective black body temperature of the earth's system is equivalent to that of the outer.
atmosphere and not of the earth's surfac~. The earth's average surface temperature of about 14°C'
is ab.out40°C above the temperature of the outer atmosphere which acts as an infrared "blanket".'
This increase in temperature is called the greenhouse effect, since the glass ,of. a horticultural
glasshouse (a greenhouse) likewise prevents the transmission of infrared radiation from inside to
out~but does9-llowtre short wave solarra?iatior'l to be transmitted. "

(c) 'Absorption in lheatmosphere
, .

The' s?rarsh<;irt~ave' and the at;1iosphhic long 'wave' spectral distribution' niay be'divided. into:
regions to:'explain theimpörtantabsorption processes.. .. : '( .

9., Measurements of solar radiation., '. :, .

. ' 11'

Instruments
'"/' • ,",' ". > I.' ,I.

i. <Tbe': instrumen.ts a:r,empstlyvariations on,two .basic ,types:'a pyroheliometer,-which ,measures the
:,.: 'beam,irraqiance G~b,andapyranometer,:or. solarimeter, which measures totalirradiance Gtc, l.. ~

' ..... ' .. ;', L

~. ''-, '

Ohly the active radiometer (ACR).gives an absolute reading. In this Intrument,'the solar beam falls,
.. on an'absor!:>ing'surface of area:'A,-whose temperature rise is measured and compared with the"

/" ". . ,

temperature rise in,an'identicaHshaded) absorber heated electrically ..
,\. '., ) : + .~. 1; >.1 ',;

10. Estimation of solar radiation

(a) .Need for estimation
: .'; ;; 1,~' • .~ ." . ~, ,

", ,', ,I.' '. . ..

Before'installit:lga ~olh::lctorof solar energy, it is,necessary'to determine how much solar'energy'
.there will be to collec~. Kno\Ningthis" and the p~ojectedpattern of energy usage from the device, it
is possible to calculate the site of the collector. . '" .

~-:
.; t •.• ) • ''r i

(b). Statistidil v~'r.iatioÖ: .'",
",

IdeallY~th~ dat~'requir.~,d"wouldbe several years of measurements of ir~adiance on the propo?e~':'
collector.'plane.,~:Thrsis.'very~rarelyava:ilabl~"s() the required '(statistical) measures haveJe be,

, estimated from meteorologi,c'al data' availablel(l) at the' site, or (2) (more, Iikel'y)at some.\inearby,
~;.. 1., ._.. • ' - . ' . - . ',", .,.; I • .. , ' . . :. -. '. . . ,

,','siteiwhich appear$ ,tohave,similari rradiance.. - . '" . ~.. \, '- , . .

I',.

I
I

!'

, ,

111 addition to the, ~egurar variations, there are also substantial irregular variations. ,Of these the
,mo,stsignificantJor engineering purposes are perhaps the day-to-day fluctuations (e.g figüre, 8(a)
as they affect the amoun,t of energy storage that a solar energy systemwill ,require, .

, Thus even a complete recor~ ~f past 'lrradiance can be used to predict future irradiance only in a
,statistical sense.' The'refore:des'ignmethods u'sually rely on approximate averages, such as monthl'y
means of daily insolation. To estimate these cruder data from other measurements is easier than



..

to predict the.whole pattern of irradiante,
.l ",~. ' ' .., , ~',. , ,.. • '. • • ,

'.' ,.' •. /,. '''''t .' 'r .+ j "
J' ,

(c) SUAshinehours as'a measure of insolatiQr;l' . \ . , ~.~-' .: .'

: '1':_.: •. ' .-,," 'f

All: major met~orological stations measure dai Iy the hours o'f bright sunshine, n. Records.of this
quantity are available for several decades. It is usually measured by a Campbell-Stokes recorder,'
w.hich' comprises a specially. marked card, pl~ced behind a magnjfying gICiSS. When the sun is
'bright' a hole is burnt in the card. The observer measures n from the total burnt length on each
day's card. " .

Many attempts have been made to correlate insolation with sunshine hours. . Moreover, the
correlation coefficient is usually only about 0.7, i.e. the data. are wide.ly scattered from those
predicted from the equation.

Sunshine hour data give a useful guide to the variations in irradiance. For example, itis safe to
say that a day with n<l will contribute no appreciable energy to any solar energy system. The
r~quirement for energy storage can therefor~ beassessed from the dai Iy data. The~records can also '
be used to a?sesswhether, for instance, mörnings are statistically sunnier than afternoons at the'

• f • " " •site. " '." . '. , , ..

. l\IIanyother climatological correlations with !nsolation have been proposed, using such variables as
latitude, ambient temperature, humidity and cloud, cover. Most have.a limited accuracy and range
of applicability:

';"'.

(d) ,Proportion of beam radiation
- ,...,

. '. ' ,'r, :~i1~?\~:~

As noted in Section 5, the proportion of incoming radiation that is focusable' (beam component) ,:,J ,

depen9s on the cloudiness and dustiness of the atmosphere. . '. ". . :':, ", "', ;,:.~~:~.~/J:'{:.

'.~:i." :'. . ,d.' I .... ,:'~rJ~:'
These factors can be measured by th~ clearness indexKT, which is the, ratio of radiation received:j;~,:;:"
on a horizpntal sulface in a period (usually one day) to, the r.adiation th~t would have been receivedi

(,

on a parallel extraterrestrial surface in the same period. ' . ", " ' ",i'

" , . .

The' clearest days have air mass ratio m = lan~ thereforeKT=' 0.8. For the'se 'days the diffusei,
frattionis about 0.2; it rise,sto l.Oon completely overcast'days(KT ,= 0); On a sunny day with
significant aerosol or witha little dou'd, ttfe diffuse fraction can be as high as 0.5. . ';, ':c ,

(e) Effect of inclination.
..

'If, all solar radiation came. in the solar beam, it would be straightforWard to Gonv~rt irradian.ces;'", .'
m~as'ur.edon Qne'plane to those on another 'plane. This is'particula~IY:important for transfQrming.,~'

" data ,from the horizontal plane:" " " " ,':,'-,,:,,: .''-;'', .: './ ''.'.,; ." .".. ', ,<' ,s: :':'
"

PHOTOVOLTAIC EFFECT,

If we illuminate the p-n junction, a volume generation of electron-hole pairs is formed.
. "

. .
To,obtain a current it is necessaryto separate the two different kind of carriers. This can be done
by means of the inner field E. ' ,

J' •

,':

,\
, I
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Fi~ure,f- Thephotons give rise to electron-hole pairs.
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Ther.efore'1hee~üiHbriurn' voliageVOb~'comes VO- V; 'V is called photovoltage.
> '; ~>.I ;:'".,.',. "":.'~ :...... '-.:" ""~'.: ,,,< ,.'.' .,.: _' \ .. '. '-'\', '> • .:. • .' , ,-,

". . . , - .. ,' . .' -. ': \. ',.' ' . . . ,', .. . ~
'~he situation i~sih1ilar tothe dJrect bia$ one, but, under illumination, the charge density decrease
, is d.~'eto the minority carriers fQrmed.
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The quasi, Fermi levels E*F;'~'and: E*F,p. are' introduced to describ~ the carrie'rdensity Under',
:ill'umination ,(figures, 3bi 3c, 3d representthe effect of increasing illumination), that is off of the
thermal equilibrium (figure 3a; the Ferr:ni level is defined under thermal equilibrium>. '

< To make clear this concept we can examine the reverse bias.

..
.-

"j,

~,~'~-..~~....:".~ ~ ~..,,- -'..~ ~-' ..' ..
<, " \'

1-' •
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Figure 4'
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The flux of minority electronsfrotn the p to' n region causesa reduction oOheir densitYi described.
, by E*F,p andthereduction:of-holes i,rito n re.gioncausesa raising of the Fermi level unW E~F,n.,:i'

The,majority carriers density (that- is larger) is not modified by this flux.
< , ,

When ~hereis a recombination process, it is possible to define a lifetime Oand a diffusion length L:

L = .JDr
, ,!

, '. "

,-I,

For solar cells~weare interested into 'minority carriers lifetime:

where U is the net recombination rate and An and Ap are variations as regards the equilibrium the
equilibrium values,nO and pO.

By considering An instead of the direct bias V', we obtain:

'.'
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..
.'.

leW
n:' = n" ekT . ,

pa . pO "
,'," ... '.. , ~. .. ...

Ppp =PnOe kT . '.

If dnpa= npa - npO represents the contribu,tion,of the minority ~a.rri~rs due to the illumination,:

npa = dnpa,+ npO

and

Therefore

V ~ i~ln[l>nP:p~np, ]

:. ,

Similarly, for the holes:

'v =' kT l~[ßPnp - pnoJ
. lei'" PnO' .

~dn pa + n pO = n poe kT

',~ .
.. .

(1,1)

:r'aI" . An
~-p - -'-'¥- '

lei. ax - Tp' minoritary holes

The cO'ntiliuity equations can be written:
1 aI. 4n__ .n __

lei ax- Tn

By integrating (1,1) between 0 and L~/wehave:
I I ' ,

, ~"

..... -"1

minoritaryelectrons
,~,~~'''', ... '

. f ' ~:

.•.• 1'

" D
I,,(a)= lelßn pa 'L n ~ lelGLn'
. '. . .n.". , '

<Lnis referred to the electrons into p regi9n)'.
Similarly, for the hole's:

. " Ip,(P)d: 1~IßPnß" ~p '-leIGLp
p

. "'.' , .
.. h

'., '

'i,' • ,'0'

Since the total current with illumination is

.1= In <0>+ Ip <0>

we'have:

Therefore.

, '

"

',-.\ ;','-'

,
, /.\

:1
I



. . '.' . (. lelV J
.1::= ~1~IG(Lp'+~n) +Iello ekT -1

> ", ,.. . ", . - \ '

The first term represents the illumination current:

.'
.'

Isc = IL

.. .
!h~s~cqnd term is due tothe polarization resulting from the illumination.
tr.er~f~:~e: h= lout~1 I L - Id I .

. From the equivalent circuit: lout = I L~ Id

. J~' ,,1, Tt.()tF1) .... -', t .,'
If V = 0,=>"

; , :

If
.,',.

lout = O'
./

't""

, .'

. . ,. .

. temperature effect"

(

.. lejvoc . )
1 =1 eKr":"1sc . 0

, "( lejvoc 'JJ =JeKr -1 ."0 ... '-. "

..
I, "By considering'

Jo ~ le( D~,o :_D1-:,_o)
. and supposing D/DDtempe'rature independent, we have: .

. ,
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whereB isTindependentand 00003/2 + 3/2 '=3.
:.

Therefore we have (-JO is neglected):

Deriving with respect to T and neglecting the Jsc variation we obtain a reduction ,of about 2
mV/°I<.

TH ERMAL DIFFUSION OF PHOSPHORO.USINTO SILICON

1st Ficklaw
J=_D8C.

ax

The flux of the diffusing species is proportional to concentration gradient.
_ '. (-6£1 kT) .. " ,.',' " ",. .' "'.

D-De' ',' .... ' ... '."
. 0 '. .isthe diffusioncoeffici~r1t.," ,

, ,. ~

..\ 000
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Figure 5
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ae aJ
2nd Fick lawis obtained applying continuity equation at" - -, ax to the 1st Fick law.

. The 2nd Fick law (written in thisway) is true only if D isINDEP-ENDENT from C.

Front junction formation '.

Three differerit'approaches to form front junction exist: .diffusion from the vapour phase, diffusion
out of a solid phase (source deposition techniques: CVD, spin-on or spray-on/screen printing) and
i.onimplantation (excellent control of the impurity profile).. .

. VVeconsiderthe diffusion from thevapour phase: N2 carrier flows through a liquid POCl3 so.urce

. and enters an open tube furnace where silicon wafers are stacked (figure n. .

j;'

i'
< '

", "

.•"',,-.
LAg, ~9__9_w9 h,&1;,j.a.,,,,-.,

:.1"'t,
Vapors of

I. doping element .. .1

\.

Figure 7 --An,open tube diffusion furnace: diffusion from the vapour phase. : .r-"'" .' .... j

'" .

", Sheet resistanc~ definitio~: .

Steps of thermal diffusfon process:
Phospnorouspre-deposition
l:>rive in,<i.n 02,01' in N 2 )
The chemical reactions are:
2 POOI3-t '3/202 '!:; P205 +:3' 012

. "0 Si +02 :; Si02
,', 5S(+ 2 P205:; :iSi02+ 4 P . .

.~. " .' .... . . \ , " .
'Diffu'siontemperature:'90p6C + 1000°'0,

, . :;\'.,:y';,DjfflJsior,time: ,from,2Qt060 'm'inutes,'Cdependingfrom the requestedprofile), '
• ,\j ;'

" ",

,/' 'Ps .f
RO =. A.

P
RO= d

',j

. _ .• ~. _.1. ~~._
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Silicon ~iffusionmechanisms: , I

interstiti,al
. by vacancy
\\inte rstiti alcy"

1) Interstitial

.2. By vacancY

-, I'

Interstitial diffusion is
. performed when the impurity
atom, moves jump~ng from an
interstitial position to another
one.

"' .. '. ' .

The impurity ~dvances fill~ngin
the near vacancy,-c;." .'

I. '. }(~:f!:'

a)

3) \\Interstitialcy"

,b)

,.
\ ' ~l

., .
i ~... i--,

......

t' ,"

" " .
'-

.. 0
-<

a) . b) c)

The impurity atom moves filling alternativelx in a vacancy or in an interstitial position

"
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D.IFFU~ION' EQUATIONS

.Thepre:-depositionprofi Ie concentration is calculated solving equation:
subjected to the initial condition:
C(x,O) = °
and the two boundary conditions:

I ~ • ','

C(O,t) = CS
C(oo,t)= 0.

(The fi rst boundary condition defines CS as the surface phosphorous conc~ntration).

, x
, C(x,t) = Cserfc' ( ~)
, 2 '"Dt predep,The solution is:

where "erfe" function is defined: ,

, '

and (Ji5i)predep ~epreseritsthe ~hicknessof the pre-deposited layer.'
, By integrating C(x,t), the total amount of dopant is obtained:

, OQ

,Q~ fC(x,t)dx
o '

I,'

, ,i .

The' pre-deposition stage is follo~ed by the,drive in. We consider only the inert atmospherecase.
Theconceritrationprofile can be calculated imposing to the equation the tWo conditions:

,(,ac,')' =,,' 0
:~ ;'=0

G(oo,O}= 0,'

I
'I'.;. . .'

, With sucha a condition th~, problem is very co~plex. The difficulty 'can be reduced taking into
account that: "

(Ji5itredep «(ffi)drive-in
, '

Therefore the final profile (after drive-in) is not very influenced by pre-deposition profile supposing
ao function as initial profile C(X,O)= Qo(x).

; ."

,'.,'-J
\~ "

I
I
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By takit'lg the last one as initial condition, tlie solution is:

1 :
, ' ,2

Q -[~(.JDi)drlv'-ln]
C(x,t) = {, .e "
.. J; .JDi )drive-in

that's a gaussian distribution.

Concentr.
(c~.3) ,

1021

1020

,I 4 5. 6 ',7 >"(um)

Figure 8 - Concentration profile of phosphorous in Si a:fter thermal diffusion.
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Figure'9
Concentration profile of
phosp~orous in Si after ,ion,
implantation.
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ANTIREFLECTION TREATMENTS

By Ä.R. Coatings

.A.
-. Dr........- ... ... . . . . .

D2

."" .
waves :::::::: '.:.:.. .. Tra

~

-: -: D2 :- :-

Figure 10

The bare silicon reflects partially the i~cidentlight:(n2: refraction ind~x ~f silicpn>: If an anti"
reflectrngcoating is interposed between silicon and medium; the refl~ctivity is reduced.

Bare silicon reflectivity in a medium of refraction index nl. If a thin film of refraction ,index nf is .
interposed, the total reflectivity results: .

R = r/+rr+2r1r2 cos2l5,
1+ r/'"22 + r1r2cos2l5

where rland r2are defined by:
. nl...,. nj . ni - n2rl =. .'. r2 = '. .'

n.+nj nj +~2

50

40

30

20

10

Figure 11 Si reflectivity for
dlm~rentARC .'

Si02 + Ti02'

400 500 600 700 800 900 1000 1100 A(nm)
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, ,,
ö is the phase~isplacefnent:

. '2Nnf.d8=--
A

The minimum of reflectivity is obtained if the con~itions

d=-~ .

4nf '(for film thickness)

nf = ~nln2 (fQrfilm refraction index)

are contemporaneously verified.

, Film

. S10
Si.O:(

,Ti02, ,r

'Af203
Z/WS
MgF2
Ta205

Refraction index

1.8 + 1.9
1.5
2~2
1.9
2.25 -;-2.~5 .
1.35 -;-1.40
2.25

, ," ..•• 'l '

Ä"slgriificant innovation to silicon solar'cell technology has been the use of orientation dependen(' ,
,. etches to reduce;'refleCtionfrom the front surface of the ceH. This process has been developed for' ,.', "

(100) oriented silicon wafers but it is possible until == j: 25° away from [l00]; II) figure 12is,
. showrtthe ~esulting pyramidal shape. ' .'

z

x.
[100]

y
[010]

\.

,") ":'

. )

Figure 12 - (111) pianes are perpendicular to j: i j: j j:' k directions.
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Figure 13

J:

. f' '.

After texture-etching the surface area is 1.73 times the. initial polished surface and it. is
independent from the pyramids dimensions. . .

A' == total area obtained with small
. pyramids
.A" == total area obtained with large
pyramids
A =;area withou.t
pyramids

t.r = A""~ 1.73 A

Fi~we 15 . ,'.-,

,., ...: ' . !I.\
.'. '.~';.,\'

{V>'¥
.t .••.

,r ;,

"

Total reflection R;" RIR2

eil;" 54.7°

. 8i2 = 16.7°

Figure 16
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IfRp i~the parallel component of light and Rn the transversal one, R can b~ expressed by:

Rp + Rn RlpR2p + RlnR2~
R=--. -=-----

2 2

with:

R = n( cosOd .,-n2 cosOtl R
2n

=. nl COSOi2 -n2 cosOt2 .I: .'nl cosOil + n2 'cosOtl .nl COSO;2 +n2 cosOt2
, "~'iI,.

where en and et2 are the refractive angles (Snellius law).

R(%} ;.' '~.!

,,, ,'" "',' '."

10 .

: j •.Bare" ':.'

Textured silicon + 500A
SiO.,

.. ' ;

0.30.4 0.5Ö:6 0.7 0.8 0.9 1.0 1.1 ;\.(nm)

~i,gure 17 - R~flec~ivity of differ.entSisurfac~s ...

. ".' , .. "

METALLIC CONTACTS:
" .

",'r, .

.'

. !VIetallic c6ntactscan' be deposited ona Si wafer by vacuum ~vaporation, electroless chemic~t
p'iating or screen printing. Screen 'printing metho'd' can' be considered the most cost effective' .. ;' .

. t~chnology for production environment.. .

" ,
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S(:reenprinting technology

150'?C
vehicol

Ink

Screen

:." ..
600-700°(;
firing "

t" . '

~"

Screen printer ,Drying, Firing ove~ "

Figure 18 - Screen printing process:"
, ' ,

,;

,I Screen printer provides contact pattern definition: a squeegeepushesthe metallic inkl t~rough the
openings of a screen onto thesiliconwafers. The printedpas~e is dried at about 150°C to allow the'
solvents to evaporate. A final thermal, step, the firing, transform the metal powder (the "main
constituent of the ink) in a conductor and also occurs in' a belt furnace. '". :':<.' :

~: ;'

Schematic picture of a PV'cell ,(, ' ~- ~,' .~'.

back ohmic comact' ':' .

,n+ front layer

n+/p jUnction

ptype baSe'

. '. . . ",,,,,,,,,

p', ,"'Rit';, ",;.,,/
I .- ,,,, ,

, -----~------~~-'~:--~':-~~~~.R;.-t~~-~-~~->/'>'
:ii:::::::::::::::::::;:::::;:::::::::::::!:::::::!:::;::::::::::!::::::::::::::::~:::::::::::::::::::::::

"ll!'
I . .'.'ü':

',,'front grid (ohmic ' t'
:,',c,ontact) A.

-, ,. .

, 'BSF (optional)',

J'

. ,t:

I.
I

\.

FigL\re19 -,Schematic picture of a standardPV c~11

I A metallic paste for screen printing consists, of a viscous part containing ,an ,active powder (Ag for front'
contacts, AI for back contacts, p ""0.$xl0.6 qcm), frit (pb or B oxide), orgimic bu'tders and solvents to obtain a
viscosity of about 300 poise. .



'Back Surface Field (BSF) .

". , \. . j

. The efficiency 'qf as. iliconsolar cell can be improved by forming a p+ layer at the back surfa.~~,. "'

, mSF).: an electric field E' is added to junction field. .

n-typ~ p-type

-/ __ J

/--- ..-.......~--

E
Figure 20 " S.erie~ resi.stallce RS;'
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Figure 21
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b)

FJgure22 '. . . . ... .
. a) Series resistance effect<on a 4 cm2 solar cell)

. ',' -
b) Shunt resistance effect (on a 4 cm2 solar cell>

v

Both series resistanc~ andsh~nt resistance cause a FFreduction .
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Curves 2 and 3 represenrI(V) for ~ cell
with Io=9xlO.1O A, Ise=3 A, Voc= 0.570 V,
Rs= 0 and Rsh= 00, calculated with different
illumination; curve 1 represents the
correspondent dark I(V).
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Figure 23 - Dark J(V~characteristic. of a cell.
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between the voltage measured under
illumination (Voe) ~d, the value~n the dark
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resistance can be calculated:
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Photovoltaic conversion efficiency:

, Pm VoJscFF
17=-=---

P;n P;n
P;n=A* f<D(.-l)d.-l

Absolute spectral response
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RS(.-l) is .the absolute spectr~.
response where Js;;:(.-l)'[A/m2]

the short Circuit current of the
cell and f/J(.-l) [W/m2] light.
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:Conventiona.1 Silicon solar cell ',', '
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Introduction
, ,

" <"'. . .

Majority of the; rural population,' who are poor, are yet to see'any real conc'rete effects of the:
StnJGtural Adjustment, Programme (SAP), .whose implementation began in 1983. The fo'llowing, '
indicators of povertyares~ill observed in very large proportion among the rural people;contagious-'
diseases, unemployment, underemployment, high infant mortality rate, ,illiteracy etc. This segment

, of. the. population, produces the bulkof the nation's agricultural products,' the mainstay of the,
economy, using obsolete technology in the light of advances in modern technology.

About 70% of the, r.ural areas in Ghana have no electricity, and other sources of energy are
,inadequately supplied.

The main problem 'of these rural areas not having electricity is that, most of them are ,in very,
remote parts of the country, where the existing hydropower grid cannot be extended to, due to the
cost implications on the national budget. These'areas, therefore, are not likely to benefitfrom the
Government's programme of providing electricity to all communities in the country by the year'
2,020:, Wi,thout acces~ to' energysupplya~ well as educ,ation and modern technology, the rUral,
population will find it difficult to I;lreakthe poverty cycle in which they find themselves and future:
pro~rarrimes fOfused, on poverty alleviation and wealth creation, will still!1ave no real impact,.
'towardsthe improvernel1t pf their ,life style. Thus,the option of tbe provision of alternative en~rgy "
sources such as solar energy for such places will be most cost effective; nevertheless, solar energy
'technology is proven and can provide energy to meet individual and collective needs such as home '

'lighting, communication, ,school lighting,: refrigeration, water pumping for irrigationi' water
. heating,and crop drying to reduce post-harvest losses.'" ','" .:;', ' .

.' ~ ...., : ~ l' •

,Fortunately, Ghana is situated ,between latitudes 50, and no N and receives' solar radiation;,
ranging from 4.5 to 6.0 KWh/day, with corresponding annual sunshine duration, oti500 t0300.0
hours and thus, has the necessaryconditions for s'olar energy application and usage.; , ,

Already, over lOO"solar energysystems for electricity and thermal applications have been installed: .•
in the country and are being used for, lighting, communication, water heating, crop drying etc;': " '

Country Back~round ,
- ., ,

,The Republic of Ghana, is ,located between latitudes 40 and 120 North, bordering the North,:'
Atlantic Ocecm,betwee'nLa Coted'Ivoire to the West and Togo to the East. The climate istropical
'and extremely sunny; warm and comparatively dry along the south-east coast; hot and humid,in the:' ,

: south~west;andhot.and dry in the, north. '
, . ,

, Thecpuntry. has' about 18 million people 'with an average per capita.' income of. approximately"
'$40p:i"In 1990;' itwase~tin1atedthat 70% ohnen and:51 % of womeh aged 15 andover could: "
'read a~dwrite.Almosthalfthe population {46%)is under the age of 15,51 % are between 15ßnd'
64years, anq,'o.nly3,% are 65'yec:lrs'ancl older. The population growth rate is estimated at 3.06%

.per year (mid~1995). Infant mortality rates are high: 81. 7 deaths/lQOOlive births. At the current
rate of population growth, the population will double by the year 2020.

~ '.

General Overview of Energy, Supply, Demand and Pricing
.}: .'

Energy Supply Situation

The bqlk of Ghana's energy requirements are met from biomass. In 1994, biomass mainly'
charcoal and firewood contributed 66% of the total energy consumed. Petroleum and electricity

.acco,untedfor 21% and31 % respectively.

..

.,',

. ';/". ' ..,

.-"



'Demand/ '~

..

Ther,eare 1,122 MW of installedgenerating capacity in the public system,in Ghana with 912 MW
öf hydro:powerfrom the Akosombo Dam, 160 MW :from,the Kpong Dam and 30 MW: of diesel.'
power' at Tema,.Electrical load growth in 'recent years has consistently exceeded expectations ..
E3~tweerr:1'985and1992, domestiC load growth averaged 9.6% per year: Between 1990 and 1992,

, despite tci.riff increases in both years,annual load growth exceeded ~5%. Over 59% of the, total.
domestic electricity consumption in 1990 was taken'up by Volta Aluminium Compan~ (VALCO)'
Industrial and the mining sector accounted for 21%, whilst the remaining 20% was consumed'in'
the residential; commercial and the public sectors. ' '

" . ,

AU the crude oil. used in this country is imported: In 1994, a total of l,073,670TOE'was'
consumed. The transport sector consumed the 'largest portion of abo'ut 59%, fo.llowed by
resjdential and commercial sectors with 19%, whilst .the,.industrial and agricultural ~sectors took'
14% and 8% respectively. By 1989, only '12,OOOmetric tonnes of Liquified Petroleum Gas (LPG)
out of the total prOduction of' .22,000 metric tonnes was consumed for"cooking processes in;,
households, commercial and industrial establishments. The rest was flared by Tema Oil Refinery,

. c~using'_severe pollution and a waste' of our scarfeforeign exchange.'. In this regard, the';
'government"launchedthe,LPG Promotional' Programme.fo ,create~war~nesson'the the use'of LPG~;'

the'prograrn,mehas caught .onweIICl.n~presentl¥ ~emand'has,outstripped produGtion.' ,'," .,~,:,-':L "."

: !: . . J-' • , ~

;'I,"'L; . ,
,,;, .J

• .: t \ .. ,. .', ~", ~ ", '

The dern~ndfor energy is expected to Jncrease rap\dly in the "future..as. the economy c'ontinues 'to ,;
eXPa.~dand' gro\JV;~ith prqdLJction,änd.consUniptiqnforecast to ~gr.o~',atänaverage'of lO%,per,'.'

,;annuni until,theyear'2000,.;andthereafte.'r,a(2% pe,r,:annum'oyer the ~correspondir1g:GDP'"grpwth. "
, .-t' ,', ,,'._. .,' " .' , . , . .
.rate .. ,", " ' .,', , '". "

" '
_,i

': '.' 'j" ,-,..' 't

. "Ene~gyPricingand Liberalisation of M.arkets. :.
. " \

- ..:
. ","J'

.!\IIeas~res have been take'n to gear energy'prkesto~ealistic levels; based,'-onthe principles ö{full('~,"
, costretovery of all 'investments made to secure;',prc>duce,process,.transport allcl,market energy

servic~s.. A'lso,.,spycial levies. alld ~axes hil.\le beenincorpqrated into, the price $tr,uctures. of .
petroleum products and electricity 'since i9~8to ',generate,'resourcesfcir current'~ndJuturE;< ,

, -', '_ .'" - -', ~ -.. , ., - ,_ , _'.' ' , ". ,_ •'- • I

i~vestments'iri the, spe'Cificareas, 'as well;"'as :c'on~ribute'tothe ariri!.lal natioral' revenues for.
,implementing the government's 'prioritisedsociCif.'and developmentprogramme$; .. :. .", ",:. . . , . . . , . ~ ..", \ . - . . , . , .. ",,) ,

.'" v.' ':\ :1.: . '.' J: ~,

The marketing of petroleum products has been IiberaJlsed:since IJan~ai'y~ 1991: LJnde.rthe new ..
'"arrangernents, the oil marketing COmpallies:s~tthei rown: ex-pui11pp~icesJo'r:petroleum products '

'. , _' ';" ' " • • ", '. " "" ' • , "', • '. ", ,',' ,. , • ". " , ., • .' .. • '. , ," , " ~ .. -. '. ,1

, ',VJhi~~ rhüst :r:lOt' ~xceed maximum 'c;elIin'gsl:estabIJshed'.b/the,'Governrnent.Also, ifwillbeen:sur~d:
'- ..' ,~. ."' .. '~':.'" '-. • . ' .' ,', ,:". ,.." ,: .' '. ' .. - . I, - •.... , . ','.' '. -'. '; ". . .:.

", ;-tl:1at'the""ex~refiner.yprice ',of. p'etro[eum prodtl~ts;-:Cil!' governii1ent,taxe~., ~~d.:duties" jnduding
',provisio'h ,of incentives' for-distribution,"ofQetroleum products. in, the rural 'and mostiriaccessible,
", ":' ;.'~' '~ "~"l",'- .,'.'" . ,""_', """. "r .. '~: ,~., ..'I •• '-' .. _,,:":. _ (""!..I;"" _',-',:- .... ' "'_'" -. ,~.:,' •

. ,areas, areq>vered.,Each'companY is,'requiredto.sell'lts prodücts at the'same price tl'ir.oughout-the
• • '. ',' , ' ."~" . ' '.' - • . " " _ .' r - •

country,. and also make its own ~rrangertierits'.with'dealers and transporters on margins and rates. "
:',::- :',:':''':.'' "'::"';":':':'.,>:'~,,::-:::' ~',:,::;:,,::,,:, . .; ,',' :;,,' ,:';" ,,' : ..:. -./~

For the' past ~Iectric!tytariffswer~,based: on the, concept of,Long Run Marginal C'ost'that is,' the
ta~iffs' :reflectthe econdmic- costs 'qf supplying electrici~y so-as., to, prom'ot~ .efficient .resource

'allo.catiorL ' In viewof:,tlJe. Power ~e:do'r< Refor~s '-the ,following consideration' having
given:=====
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Government Policy

.PolicYQn Ener~y, , .~ .~ .. " .. " ;\ .. .,.. \ . , :.: ~ <' :" i :

:~. ".

.'

The broad policy framework, for energy sector programmes are focused around a strategy of which;
the principal aims are: .'
• 'to restore improved productivity and efficiency in the procurement, transformation, distribution .-

. and use of all energy resources;
•. to reduce the'coun'try's vulnerability 'to shprt-term disruptions in energy resources and supply'

. base; .
., to ensure the availability and equitable distribution of energy to all socio-economic sectors and

geographical regions; .
• . to consolidate and accelerate the development and use of the country's indigenous energy

sourcesiespecially w06dfuels, hydro-power, petroleum and solar energy; and ,
• : to secure fut~repower supply through thermal complementation of the hydro-based electricity

>;'.'generationsystem. " . ,.
. , ,. .

Overview'.oJ Gh~naGovernment's Policy on'. Renewable 'Energy vis-a-vis DANIDA
',' ,) "Renewable' Ener~:iYPolicY' . I"";$:'~

, '.
.. .

Goverl1mentof Ghana Renewable Energy Policy
',..,

. ,

Currently, the R~newabl.e Energy.'Development Programme developed and "co-ordinated' by:rthe'
Ministry of Mines and Energy isfocused'on the.following objectives: ;.,."

.,.• , ,. promoti6na'nd development of:the. renewab,leenergy industries that have'str6ng.Tndigeni,satioi-r',:,".
prospects over the short and medium term;'.' ,,' ',""

, .demonstration and evaluation of renewable energy technologies with'the potential to me'eting:"',
, the.heedsof prioritisedsocio-economic welfare objectives;' , . . . '. ,;. !;c< . \' .': 'H'

.'.' providing" support for ' ,<research,.development and: demonstration of: renewable.',energY:' "
. technologies.'w'ith the! greatest potential t6increase and diversify the ,country's: future;energy:'

base; and , . .., ,. " , ' , ,
, • develop'ingthe relevant,information,base on the stock and status of renewable'energy,reSOurces'

. a.nd.suitable'technolocj'ies and end-use patterns for the purpose of establishing a planning
:' . 'framework for the. rationale use oHhe country's renewable energy resources;" ,~: ~< ':. :;.i ,,-' " . , ;. ' , "~'".'... -' .' . .' . •

f.,: ..
.-' .

Dariidais Polity OnRenewableEnergy';'. \ ....

',".... .
. " , ,,' :', "

. . I(stC\testhatjDan:ida wi'lI: . . ", ", . . , "
,.".~';';,Support:'l.Jtirrs~t1o'n'of):proven'ren~~ableehetgy technologies within the fieldofbfomass; win~/'

.... .-;.soJat:.an~smiiILhy.dro;., . ,., ';';. , i' :.';""" :',' .. ' , .;'" ,::,''':'<
,.,., .e ..':~up'po'rt'IQ'c~\I"organisationswhich haveworking fciundatioh for skills development in ren'ewable',

. ~,:. "'eriel"g'y t~chnb'io'gies': '. :'c'" .,'.,. "':'

."'".,1,. ';, :_ ~. .. ..'. . '. \ _ " I ....~ . _ '. ~, _ .'

,.' .(."~~pp~i1: pilot p'roj~H~air'ned atadaptingp'roventechnologies to local.c.onditions; '. . ,.; .,
..' .'. i:SUPPorl: informatiorf' .campaigns 'and other aCtivities intended to create 'awareness of the"

'l .. ' ' ': . .-,' ,,, "" .." ,"".. .j' '. ' •

. 'potential'of,renewäbleenergysources;' , :', ... .., " .... : ' ..
.Support the'drawing up of plans and policies in relation to the utilisation ofrel')ewab.le energy

.• '. ' .• " . • ,;. i: .". 'sources. ' ., . . .

" 1 ,", ..',' .,...

pariida wHl.norm?lIy not support product development:
-,: ." ,. l.' . ,

Assistance would be offered within the field of renewable sources of energy under the fQllowing
conditiol')s: ' '. , . ,.' . ' .

., " '

.~\



0.

The cauntryshould havetakeri,a palitical:'d~ti~io.n:.ta~suppart,the use;aft\:le"rehewable".saLJrceaf
energy.in questian., '. '. .

Renewable ellergy prajects will .be subject to. the same technical and ecanamic evaluatian as.
canventian~l:energy saur.ces;if, hawever majar benefits and externalities cannatbequantifiedin a,
meaningful way, a lawer, pasitive econamic rate .af return may be acceptable pr.avided p.raper
justificatian can be pradu~ed. . , "

Private callJpanies chasen far invalvem,entin renewable energy prajects shauld be able to pravide
credible spare part supply and after sales service similar to. that demandedfram canventianal
energy equipment.

Is the ,Government palicy ..an renewable energy adequate far the effective: implem~ntatian af,
Danida's policy an renewable energy in Ghana? . .' .,

. l' .

The.gavernment pallcy is quite' adequate,hawever, certain aspectSaf the policy shauld be revisited
farfurther strengthening. ' '. ' " ,.t"

.., :',' ,'." . , "\..;~~•.":"'" I.

Thegavernment's palicyan salar,energycauld be strengthened by taking a.dvaritage}\C?.f,DaA,id~s,"
suppart in",thedrawing upafplans. and palicyby way of training and provisianaf ..,ful)ding. far.,

. . , . ' ..' "'''7''~ ..,~. .'

c?~s.ultaricyserVices.' . ,. <~',;~;::i. '
• ! ~ j \ '.' -,' ',,', ',,'.' .. :,

, ,'"

;:~': ' 'I'"

:i: .,

. . , . ~
'F;\';:~l;"i-.:::.'\'","I',. J: ~1.' i".~~:}..:".:,\~:;.~ '-';':"", ;:;.':':,;._1";,"-"":"'- ';:', ,','r,:., ,:,' ?:;..';' ""r' V:' :,~.~.... ," "" ;..... :' 1./

In refer,enGeto. ===af Danidä~s policy; the goverriinerit'poiicy ~~s. nat,createdthe~eriablin.g
. " . .' \ " .~. - '" ... ' . . .
enviranment to. stimulate priv~te ,seCtor pC!.rtic!patian,in the, solar market due. to. the fallawing,',
reasans: ...' " .J:' ., ',.;'"
• impart duty and sales tax impasitian.af salar praducts. '.'.
'•. ;.'.nan-availability'af creditframthe cauritry'Sbänkfar salar business., ~,....:"( ",< " "",",

'.. t', .~', .. '. .~. '.~~~~f..;':~;1\ ," :. "1,' ',.
, ''f "..

Thus:.gavernment shauld: create the' canducive canditions' to.' attract privateinvestrn~~t£,iliL: salar;
energy subsectar.. .:. " ..'"t;:il!:\i ~t~",

Institutial'Jal and Regulatary ,Framewarkaf the Salar ,Energy.Sub-sectar:. " ".'.. ," . ',,\ .. " " . ,.-: '.' . '- ."
, '

~.",.," j: l .' " . ~ ':_. '.:' 'f '::..

Several institutianal a~tarsareplay a roll. in: th,e:,'effectiv:eand ;"effici.~ntuseaf the;:.coul1~ry's
enarmaussalar energy patential'. ,Jhe, governrrerit af Ghana plays ci. roll. il'J.terms af, facilitatar
through legislatian, awareness ra:isin.9campaigns, custamer,andgeheral promater .()f"tl:1euSer af
salar energy technalagies. ."'" .,';. ' , '. .' " ., ". >

. ':: .,,"SeC,Qndly:private, nal1-g~vernnJ.~ritai,il1s.titutians: are;, suppase"to;.pla.y: 'a~, imparl:~pt' rqle in,
s~imulatillg the sal'ar,industryJn,Ghana.,,':The invahiem~I'J,tafthese institutiansin sale" marketing,.' .. ' ",' , . ' .' _ ' . - <--' , .. y. t. ", ".' ,"" ,', \ .~. ,.'. ',". \ .'. .' '.... " ,

instal.la.~iana.ndtechnical tr~ining ~ave'gre~~praspeCtsfar the future'. ,'" ':, "~"'::';~' .:'1;. j.,. ", ;'
, • :" ' • .-~' • • .. • ,.j •

. :. ." ~.,-': ~ ~ ::.1' ; .• I , .' , \ \ " • . '. ~

.T~irdly, specialiseq pr;i~ateand..p'ubIiSarlila.n.isatianssuch a~Danafca' Engjneering'(DENG.>;.ER(,'iS
~11~ineering, l.)niversity 'af S~,ience"ard'Technalagy cauld be inv()lvei:t in the:assemplying,'Hai.~ing;
maintenanteand marketi'ng afthesalar energy technalagiesin the cauntr".: '

'-, !

'".

"

, " -. . .. (, .. ,

A'fav'aurable investment co.de exists'in Ghana which cauld'pravide incentives farlacal praductian
and assembly af salar systems.. In reference to Ghana Investmel)tpramatian. Act' 478; 1994'
Article 24 referring to. exemptian af rion zera-rated items states :that \~ Any enterprise .Which

'. " ", • "',' " '", •.•• ' I - "

desires to. avail itself ~f the' incentives provided under sectian of tHis, i3-ct,p~t whase, plants"
machinery" equipment or, parts ,~~ereo.f..arer, nat zera-rat~ I,mder the"Custa~~ ,Harmanised.
Cammodity and TariffCade 'schedule,to.the Custams Excise and p'reventiveService Law, 1993
(PNDCL330) may submit an applicatian far exemptionaf import dutie~ sales taxar excise duties'

,
'.



, ,

o.nth~ plant).fl1achitlery, :equipment-or part thereof:to the Centre".'! This means that ?lny.en.ter-prise::
wishing to .produce or assemble solar systems in the country will have.all machinery and parts,
imported exempted from import duty and sales tax. \ ',"

, Currently apart. from DENG whichassemoles sölar water heaters all other dealers import'solar
systems into the' country which attracts importduty and sales tax of 10% and 17.5% respectively: .
The corresponding,figure for charge controilers and batteries are 10% and 7.5% respectively.. , _ '

Codes and standards on ,solar energy technology do not exist, this is due to the fact ,that ~the
technology is,relatively new in the country.

Current Status of Solar Energy Utilisation,

Literature Review

The Ministry of Mines, and Energy carried out a survey between 1989 and 1992 to evaluate,the
performance of solar photovoltaic systems in Ghana with the following objectives:
• , to compile an iiwentory of solar I?V:.systemsin Ghana and select some of them for jn-dept~: .
. .', study. ' ,,' - . , !:, « . . . , ,

.• :to ':evilluate the performance of the selected systems and investigate major causes of system' :
failure and identify solution for arresting them. ""'"

• to establish guidelines to. improve design, installation and maintenance af solar PV.system;-:-.'\.'"
_ i. •~.!.,":..~ .

'.'TheAindi.Jigsofthe S!J ryey on,so.lar PV,e,nergyappIicati ans in Ghana indicateditbat abolit!70 O"saIar ~""'" ,.",
PV:ostand alone: systems have been, installed. in the country dating' back from '1982' by. publici:-, ",: '

,orgi:misations, private. individuals and religiousinstitutians. Mast af these insta11atianwere located':., ,/ '
, in ,remate part -of the:col;lntry~fa'r fram, the national grid. These systems are used mastly fqt"
.Iighting, cammunicationand refri,geratian. : Inadditiori, the accamplish the other-two: objectives set.:: \<, .
forth> :' . "

Asecand study ,entitled. Prospect far Solar Water Heating in, Ghana was carried" out by tbe;
Ministry af.1\(1ines and Energybe'tween 1991:and 1993. The abjectives of the study were: ':,J':

.• ' "to identify major' users of hat water in the various sectors of the economy; : > .
'. ' to.:~ssessthe,demand af hot water far the identified uses; . :, c: .

,•. 't6 identify the technical an(:ieconomic parameters for co.st-effective utilisatian' of salarwater> .
'heaters in Ghana'" . ' " ' . , , "',: ,~',::,.

, . . ,. '. '

, •. to. undert~ke pilat projects tö encaurage the useafsolar water heaters.
. - . ! .. - .

.1..••• -,-' .. - . ," .
...... '.. . _' . " .' __ .l' '. •

:< JThe'fi'ndingS,'6f the"studYwere that'rriajor usersof solar Water heaters;are hospital where'a n~moe~,<'
, af'.installati()nsvyere, identified"Pilotprojects have been unde.rtaken in :faurofthe countrY/,S;', .

'hospitals." SO'me"prob!emshind~ri~gth~ "~id~spreaduse of the techrioIogy'were identified as' hi~h\.,
.. ',: i.niti'al,capital-: tost~nd' the~i_nability- 9f th~.systerns to pr,oduce not'water qU year' round.," A'lso,th~"

.' • • , . . • .c. '. , .. ~\. '. ~ '. ". , ,

;, systern couldhotmeetthe hot water needsofthe hospitals due to their high usage rate. However,
,<"thi,~'cauldbe'a{tri'bute:d'to possi'ble improper slzingofthe systems. ' .... . . . ',. ,

.J .; • . • ','. • -:. • \. • . •• ,

".
"

. • ~ t. '

, . ..' . . "

Another 'studytrat has.beencarried out is entitled \\Phatovoltaic (PV) Soiar ~nergy Applicatioh In' '
Ghana. Theabjectivesa'f the study were;

'. ,: assessmentofPV technologies in Ghana '
• ,! 'prediction oftlle future'market'af PV'technoibgiesin Ghana. '

, • identification'af short,l}ledium and long term PV technology Usagein'Ghana:
• : Drawing up af a,market strategy far. the realisation, of the third objective ..
':;: :

, ,.,

'i ",

........
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I i1:dts~f,ihäings;,the:"report;;concludedthal. Jhe'high; cost:PV;<s9Iar:rhödules, 'tax' on'.solar systems;,:
inadequate' user training,',unavailabilityof.I?V'assembly plant are some of the problems affecting,,;
the use of PV Systems'in the country. ' ; ,,),,' ''I " "": ,;, " '

Limitations 6fthethree studiesthat havebeen conducted in,the country:'
"I", "

. ,.~~.'

. , '

U'nder the broad heading of solar energy utilisation the studies only looked at solar.'.PV'and solar'
water .heating. However their findings will be used as an input in'this study which is focused at:
describing 'the present :situation in the' solar subsector,analysing' the cost factors and
recommending possible areas for donor assistance.

Current Status of Solar Energy Application
, ', . ,

. The current status of the various solar energy technolog.ies is presented in tables I, 2,3', .. '."',

Table 2!~ Breakdown of Solar,Photovoltaic Installations in Ghal1a,May 1997

,. . \',,.'.......: 0.02 , : ,,",.' :'.-;'c,':> :"",..)': ',~,!:\:ili;"-i
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" .. 'J Number. '
-.,',;.:565.,'

59
"82 . '

:'. 11
'. .3.

: ::;,~26 ..' ";"
.,..< ': (;,';728,),"'"

. ' , _ .Ire splar power unit runs two..to three:end-use devi'ces',' ','",

.. ', ' '~The,so)ar power unit runs mor,etha~ -threiend~l!se'devices ,

. " -, ",

.... "

Application ~',::"~'<,',' ,

'Tel~conimunication
Ughting(Solar lamps) ,
Refrigeration. '
Water'Pumping ','
Ventilation ' '
(fan'& 9-ircondhioning)',
Ele.etde Fimcing, '";:,, ; ". '-' .. ".
Computer &.office, Equipment ;,
Battery C~argi,ng .

, Lighting and Battery Charging , '
Combined Installati ons

Lighting & Telecommunication'
"Ughti'1g' & .Refrigeration
Lightirig& ,Water Pumping '.', "
Ughting& Ventilation'
Lighting, Refrigeration&"

,COmmuhi'catiori , .
: :Lighti~(j,'Corriputeroperation/'~' ',',', '21.... , ,','

Telecomrnuniqition , ,"
*:~~'isd:,(General pU'rpose),

. .:.'

, , . . .. ' ." "\.
r ' ,... • •• ', , "

So~rce:M inisfry ofM ines and Energy;;ß hanal':1997;":::'

Märket-share by Manufa.cturersof Sölad?V sysfe.ms, , ' , ' ,,'

" .'
, '.

In'all a,total of 365 systemswhiehwere assessedin t~rmsof.the -known:quantitiesandtheir,rhakes
indicated that BP ,Solar has market'share of38%/Sieme~s 28% and Solarex 16%.. The other,sare
I<yocera7%" Holec 5%,.Photowatt 4.4%, AEG l'roandRJM 0.6%. '

. ' '.' '. -. :" . ,...' ' ..

, , . .
The ,analysis reve~ls that ~ILthe so!~r.P\f,: systems are imported and BP, Solar' has the. largest
market share in the country, 'folloyved by S-ie~ens, then Solärex. The,high quantity of 134 'solar'

..

I
I



rn.o,du!eswer~;in~talled by'apqblic; organis~tiOI) ~Ghana RailwayCorporati0!l).' These systems,'were':,
purchased from a grant or loan.thai was given to this corporation by the country of origin of:the "

.syst~ms.' However, i.! should be noted' that the BP systems do not constitute the majority of the '
. systems found on the,openmarkeL,

'Siemenssystem were found tobe the majority on the open market. Siem'enssystems have mostly'
been installed by financially soui1'dOrganisations like Social Security and National Insurance Trust
(SSN~n anp produce Buying Agency of Cocoa Board who bought these systems ()n the .open'
cOtllpetitive market.

Majority of the public organisations like' Ministries of Mines and Energy and Health, Ghan~
Teleconim, Ghana Police, World Health Organisation (WHO) Onchocerciasis Control Programme
a're also using Siemens systems. This is an indication that the' Siemens systems might' have.
performed effjciently in earlier installations.

, Solar Pumping

., SolarPV applic;~tion' for water pumping is notwidely exploited. Currently 12 systems havebee,ri.;
" identified in ~he'l;aste~n,.,NQrthern,lJpper West Regionsof the c~Lintry. '; ,"\' :.':".>~' :~'. '

The field visits revealed that a lKW sol~r pump has been installed at the Abuakwa'State College,;"
at Kibi', Eastern Region to pump Water to supplementtheir water supply. Solar Energy System, an:.::"

". " .NGO,incollaboration with Ghana,Water and Sewage Corporation (GWSC) haveins~lIeda solar.;i .
." ,:.n> pump.,q.':t"B!Ja.duiJnthe:,Easter',Region.:to',pump;water.for .drinking.GWSC'has:also;;.:ir:jställed;two;,~ ; ,,":" , :'

';'.: '.;",.;;' s9Iarp.Ul)1ps.iniBoleand.Chereponi:all"in the Northern Region~ DENG has'alsö.installed'apump in:'I";;' " . ''-,
, .c,>'. the,UpperWest,Region:.< , . ' , ' "! ""~':'( :," '.', •.

. >
S.olar.Battery Charging,. . .-

'. ,I

.,
'",1,'"; ,'I"

'{: The,Mihistry ..öf,.M ines,and Energy, has completed, and put into use a1.5.'KWp solarPV- .battery) ,. i'

I,' cha;'~in9"statiori;at Wechiau in the Wpper,West Region using Siemens and. Photowatt mod!Jlesi'\ ,'i
. Y'hiGh isan indication for future expansion of Siemens market share in the country. ',;. .

", ,\

Solar Lanterns .
..

. ~, '".

, '.' . r' , .' ,,' ", " , , ',,', ,.
There has beenrecententry into the solar PV market .by Switzerland. The Burden Rotary Club
Internatiol1i:!1 of- Switzerland pFesent~d 205 solar lanterns, manufactured by NESTEAdvanced ' ,.

., Power Sysiems, to'.'the. Non-Formal Education Division of M inistryof Education for prorrlOtin9, ;',
'. , '~T~r~in~bYJiteraCYClaSSesin both t~e Upper Eastand West Regions... ..'.:' ':.i~.

'". , \

" .. " .l;02~1:;Pr,oductiOn/Äs~er:nbli'ng of Solar PV '.Co~ponents ,.
":'i.'.;".',:'->'>,,~<.: ' "":'~:"':."~:-..',': '.~". ", ,',,>,~:,;"~>\.', . ""~" " ',' '-,. ;', 4 ",' , ..... :.,'

,:, J The University of Science and Technology, Mechanical Engineering ,Department in collaboration
, with' U'niversty of. Regina ,and Canadian Int~rnal Development Agency (ClOAt is huilding Local

. : ' .capacity for the assembling of solar PV components in the country. They have assembled cha'rge"
co.ntrollers 8c. light. fixtures and also' 'installed two solar battery charging stations of 290WP.
capacity each at Addonkwanta, a town in the Eastern Region, Äsuahyia in the Ashanti Region and
Dromankese,in the Brong Ahafo.Region. ..,.

, " t,~' .' .",. I ", ,..." to: j,',:
.....
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:Tpble,2;:',Statu~,of,solarWater.' H'eaters Jns!al,letlin'G~ana~1 May, 1997 ' . ',"'0: :1;; ; . i .'." 1:"','\

'~'. ;: ~. -; .t"!, ;" f • Y, ".':. \' ')"'."',.( '" I."' . I .: .' .
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Operative

Operative

Not ' ,
functioning i.

Operative
Water supply
to hospital
hqsbeen
disrupted

Fu'nctioning

Functioning

Functioning ,

Status/Remar:, .
ks
Functioning

Not
'funcÜoning' ,

,.

. :.Operative' '.

,Operativ~' ..

..

., . Fun,ctio,l'ling

1995

1995

1997

1992

1989 .

1990, 1991

1990'

'Date of
Installation
1991

or '.,

Bathing

Washing and
bathing

For
~emor'1stratio..
n

Washing'&
Bathing

Domestic,
Pre-heati ng
wC:l,terfor
irrigation
Washing, .
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. Washing,
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....
BC!,thing

.,

' . ','c.

." l'

..... {

.. '.,'.

AvotraJn

Techn9109Y .'
Transfer
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Fakt,
Germany
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German
locally
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Avotrain,
Abetifi

Edward? Hot
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Foundation
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3
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3 Flat-plates
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.Abetifi , Flat-p.late 'Avott;ain ,Washing and. ' .• , '~< . r Their product,.. ;

Vpcational thermosipho bathing, etc. is the first
Training" '" n generation
Centre, type
Abetifi

.. .. ,.

(AYOTRAIN
)E/R , .

Private 14 Flat-plate Imported Bathing and 1995-1997 Operative
individuals, thermosipho washing

n

, \ .

Total38
Avotrain -Abetifi. Vocational Training Centre
Source: Ministry of Mines and Energy, Ghana, 1997

. About 99% of solar water heating installations are found in the' hospitals where they are used
'~~,iniy in the area <;>flaund,?,' . .,

. " . .' I . ' , . i ' .' .~.

.. . About 70"io'öf the systems were assembled and installed by. local m'anufacturers'. This coLildbe'
attributed to the fact.th'atsolarwater heating t~chnology is relatively simple. The two producers

..... are Danafco Engineering and Abetifi \locational Training Centre. '" ~ .

Danafco Engineering,LimitedGhana'<DENG) is a limited liability company which has engageqina ..
. number,oVengineering,project"in.Ghana .•. D~NG, has. under' theDÄNIDA',Private ..Sector<'

" ,,'\;;'Ph'>gr~mr'ne):;benefitedfrorri' starfing upaproject~ for; Gharia, involving the production of sofar :
: heating systems for hot water' in coilaborationwith Aidt Miljo (AM) and 001:.:' Electric AIS: of;

Denmark. Currently, DENG has ~hemost well equipped solar water heating manufactl,Jring factory,
i '/in'Gha.na>The factory is manned'by highly qualified manpower personnel.' Thefr.insta:llationsat .

.r,. :both'Ächimotaand Children Hospi'tals in Accra were visited and were observed to 'bevery"efficie~it/
.. afacfwhic~;wasattestedcby both users.;" .' , . '.<, ..

'Abetifi Vocational Training Centre offers training in vocational subject One of the department is
the plumbing Qepartment, whichin addition to its plumbing task, engages in the assembling andl
installation of sol~r water heaters. The type system that the Centre produces is the first 'generation'
solar water heaters which are.not veryeffident ' , .. . , . '.

. . "

:" The hfgh market share of the locally assembled solar water' heaters could be attributed to the:
',',.relatively l0\i\'cost of the s}'stems.a~..ag~irist the ill)ported ones. It is expectedthc;lt in the ne.ar,
'.'fijtUre.'DENG 'system will dominate the market'since.;they are now being highly recomirlel)dedby'
.. the' useHnstitutions (const..ime~s). : . '. . . ' ..' .:"

• . , ' . . , I, '.'

:-,,", ':,

. ' . " " ...

.Table:3 - Status ofS:olar Crop'.Dryers Installed in'Ghana, May 1997
, ,

" ,
f . \ •

./
},

Locat ion' . ,.- .' . No•. '&: Type of Produce Year Statu.s/Remarks', ,
Installed"

;",l.. : . pryer
Tsokome,GAIR Tent dryer Fish 1987 . Brokendown: '.

Oku.shibiadeGA/R II Pepper 1987 There was no
'Able kuma GA/R I! Maize' 1987 follow-up by the
Gobi C/R II Cassava 1988 installer .'
.Anomabu' C/R .. 'II Fish 1988

c

Essamang (via Edina) II Pepper 1988
NewOwuborong . 3 Tent dryers Pepper 1987 All brokendown'

,
i

.. " I



"

, ',~. "

:" .
" ,

'....

',(Amate>j'EIR,' " ; 1 Tent drye'r," ';" :> Maize 'tl,' :~.l991-2 - , " anda,bandoned; >,
Yensiso .- >- , , : There was no "

, " follow~up by,the,
" installer

Nyinahin ~sh/R 5cabi,net dryers, Pepper 1989 Not effective:not
, , pleasing to use'rs.

eve,nthough
, ,operative

TamaleNR' 2 cabinet Pepper, 1987 Brdkendown but
2 flow-through, okro, maize, performance
dryers ,was pleasing to

users
Agona Asafo, C/R 2 mixed mode Pepper, 1995 Operative'
All built by UST natural convention cassava .. "

"

Ministry of Miries and dryers (l tonne chips
• Energy sponsored capaci~y each) ,

" " ',' ',:f ,.
" TOTAL, 10 Tent Dryers

':\', :,'.' '9 Cabinet'DrYers ",',
, . . 2 Mixed Mode Drye,rs ,-' .

, Source: Ministry of Mines and Energy, Ghana, 1997.

Most ofthe solar crop dryers were installations found in the rural areas. They were being:utili'sed'
for drying pepper; maize,cassava,chips and fish ..' Although some of these installation, date 'as"fär"\",:
hack as:1987 as demonstration projects, little progresshas been made in thedevelbpment of tl1~i's':t:":,
'ted;nofogy in'the country. This technology w.hich could have contributed in'no'small'way irrtn'~,;~':';
, reduction ,of post"harvestlösses was not ,given the' due recognition by governn1~ntaland' privat-e: . ,
orgimisations, and the 'farmers themselves. It' is observed that earlier .organisations like Foöä:~,
Researth Institute, that went 'info the demoristration of this technology did',not link up with tWe'~."l'
appropHa~eM iriistries and other bodies for effectiveprombtion of thetechnqlogy, iUriong,',ilie:;,'
,targeted users. , , ' ,

':,. • , 'j' • : " ,1 .' ; f

! ~. --l. ~:" ~, '.:,"

Re~eritly, 'the'Ministry of Mines ,and Energy in cöllaborati~n with' University 'o(Science' and
Te'chnology has constructed ,two commercial solar crop dryers of. same capacity each 'at Agona

..., , ; Asii,foTntne CentrarRegioli,'which will' soon'be put' in,tocommerCial use by the farmers'in t~e'area.'
,'.. " .'.' • ' .'_ ,_ • _I,",'. • • {' \ ",'" .,', -', '". ;_,\ ,

, ,

, S9'LAR BATTER'Y Cl-fARGING STATioN; , ,
,'''' -,

'":- ,,'

:LOCATIO,,1' ' ,
CAPACITY ,MAf\jU FACTlJRER/I:' STATUS, "

" .-; .
,,

(Watt~> ,NSTALLER' ,
1-,.• : ,\~!-j ~ .. ., • -," \, ;

"

ACldonkWanta,'East~rrt ~90/ , ,K;yeqcerei:!' USeT .,' Functi,orl'ing:The fadlity is "
" .. ' -,- . " .".

Region
i '

,usedto ~harge any batf~ry' '"
,

"
, ~ sentthe're',' , ' ., , ,

Drorriarikese;' Brong, " ,~'do,-
..

do -
..

290 - ,.. ,

Ah'afo Region. \","

, Asuhyia; Ashanti '" 290, - d9'~, ~'do ~, , "Region "
"

Appolonia, Great 200 Siemensi UST
,

-:do,-
,Accra Region . "

"
"

Wechiau"Upper West 1500, Si~mens, Photowattj , - do - ,
Region " UST, Kumasi "

;



, Solar.,C09-~ing, " ",' ' , ,;,; /" :.. ' , .." .- ' ..\;
" . .I

Thist,echnology has been experimented in most parts of the country. The experience of. Ministryof ,
Mines and Energy is that the adopÜonof solar cooking especially in the rural areas is very low
because of the Ghanaian dietry pattern: For instance, most homes in Ghana prepare meals like
Banku, Tuo Zafi (TZ), Akple, Konkonte,etc which requires stirring. Solar cooker is not ideal for'
this kind of cooking practice. ' Solar cooker could be used for cooking rice, yam, plantain, etc. But
the problem for its adoption is that the system will normally take a long time for cooking and the
time (in the evening) that cooking is done especially in urban areas will noJ allow for the proper
functioning of the system.
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'Ministry of Health,
Ministry of Food andAgriculture ,
Oil Marketing Companies (Shell, Goil, Mobil; Elf, Total)
Ministry of Minesand.Energy, Accra
Mini,stryof £ducation .(Non-Formal: Education)

'- ' ..• t • • . ,. ,

Sola.r~;Te.chrlOl.ogYAss9ciates,Accra, ,~
Sola~Eriergy~Syst€!m,Accra ", ", " •

Ghana,Solar Energy Society (GHAS ES) ,"
Japan Motors, Accra,
S.hangri'-L~HQtel, 'A,cera,'
Ridge,.~Hospital,..Accra~':,'
Police Hospital, Accra
Sakumono Estates
M r.Peprah
Add6ni<wan~a ,',
Ag6r;a,Asafo'; ,. " ,~ . ,
Droma'nkese" '
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U(1iv~'rsityof SCienceand Technology; Kumasi, Me~hanical, Engineering Department
W,e'chia4 ',,' , '
Bilfacq ;',',," ,'" , . '. ,
Bolg~~anga District AsserriblY' " "

" ,Nbi1"fdrtT1~Y,EducatiQ~i,s,olgatanga
'WaDi'strictÄsserii~IY': . "', ,

, ' Non-förm'al'l:ducatiorl, Wa ,
{, Kokrobite

Volta ,River A~thority'
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SALES AND MAINTENANCE
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There are aboutthirteen marketing outlets ,in the country. Ten of these deal in solar PV systems',
with the oth'er three marketing solar, water,heaters .. The dealers" usually do not stock thesola{

. systems in large quantities for ,sale. Rather, most invariably, they'import the system for the
prospective users whe'n approached. The reason for this state of affairs is due mainly to very low,
demand for solar systems in the country and the very high capital outlay r~quired for the solar,



...

busin~ss'< .It therefore 'normally' takes about a: month for ,a solar ,syst~m to, ,bed~liveredanq l '
installed for the user. The dealers usually renqer deSign, in~tallation and, after"sales service for,
their consumers. ' , /: c'

" ' " , \
Apparently, there is no effective coordination of the dealer~of solar energy systems,in the country. ,
Most' prospective users of the solar technology are iljnorant of the type of after-sales services
cLlr.rentlyavailable. Design andi~stallf1tion services are taken for granted by the Gonsumers. They'
often do not bother about warranty on the systems and parts during procurement, delivery and

, installation of the devices.

Supplies of solar systems have not put into adequate advertisement in ,the local media at least to
create the necessary consumer awareness on the operation and use of systemsas compared to other
new technologies like mobile communication systems which are quite new technologies that have
cut on. Present,ly, a lot of corisumers'even those in the very high income group who'areliterate:~
know very little about the operation of solar systems.

Most of the supplies of the solar sxstems hire local technicians who often do not have adequate,
knowledge on ~olar energy technology to install the systems, This ha~ led to improper. installation':

, ,of some of the systems that were visite~,o':' thef!elq. ",' " " " '!'

. ~ ...
On the other hanel, users find it difficult to detect the appropriate ,state of charge of the'battery ,
subsystem. Lack of knowledge in' the' operation 'of the batteries technology for instance checking::
and topping acid water of 'batteries has in most cases rendered most the sola'r systems: hor:r<
functionaL Controller and Accountant General and Ghana Edu~ation Service,solartOh1n'1unicatipo.,.f\'
system~atthe,districts and regions had this problem. ","'~' 'j,i:",l;::ri'"

, "

"\: .. ,'

,CONSU MER PERCEPTION
.. ,:'.-;: "1-:.4 .

Durtng, meetings with users, they, confirmed that solar energy technology' is 'a viable'energy!~t:_'"
alternative especially for: people wrö live areas remote from the electricity grid.:rhe category,of.,(,,' ,"
users interviewed were in solar communica~ion, solar refrigeration, solar wat~r pumpi[1g, and'solar'
water heating. All the category of users emphasised that though the technology' is capable' of-
providing the expected results in the'sedifferent areas of application, the high cost,of solar systems:,

,on the local market, which could be attributed to, i,mport' ~uty and sales.tax ,levied, <.>n,them/
'accounts for the low pafro,nage' of, sofar,energy systems in 'the country. 'Consequently" they I,

advocated for, the'scrapping off of import duty and sale:tax: on, imported solar systems in order ,t.o
reduce'the price. ,:They also called,fo(credit'scheme that will hve repayment period of 3tcr5.years:
(Le. 'c,orrespondirig to the life span of the: 'battery) to encourage .peopl~ to buy and' use, the::

, tichnolögy~ "About30% oftheu'sersvisited complai,ned.that theW syst~ms'developed' operational:"
"', " ' , , ' .. ,,':' " , ' "",

p.roqlerns during the initial' stag~s of in'stallaW>h. This was; attributed to improper'installati'on::
'wor.ks,~',Majo,rityofthe user.stherefo~e p~6pose'81hC!.~s'iricesola:.rtechnology isrelativelY,'new;'there'
,sh.o~ld be ',aj co'ordinated" progra:ri1rl1e;;:to',train' techl1icia'iis'; in 'the"'de'sign,'insta,lIatiC>n';'anö" '
maiiltenance of solar syst~rns.' , ",' '" ;, , '

I •• ' ... "/ " ,,' '" ' ."J-'

Due to the' reliability of the solar systems,',most 'of the organisations have' installed solar, .
communicati,on s,ystemsas back ups for period that gri~ electricity.goes off .. Majority of them of
them who are now not connectedto the grid agreed that they ~ill continue to' use solar systems

. even if when get connected. ,Contrölle'r and Accountant General and Ghana Education Service
complained there were occasional battery. failures which is,due to the operators ignorance' in :the
paily check on the batteries to ascertain the correct acid water levels; These Qrganisations ,are of
the view that some sort, of training should be provided: them and prospective users especially

~--~operators-on-liow-to-maintai,rr-batterie,~.
" ! '.
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The..low maintenance cost of the. systemwas'one of the facts that:was substantiated. by these users~:
indicating that for three .to four years that most of; them had thei~ systems installed no .
maintenance cösthas .beenincurred .

. The users of vaccine refrigerators (hospitals and clinics) indicated that. the, refrigerators are
playing a positive role in health delivery in the rural areas. Nurses interviewed indicated that due
to availability of these systems in the rural areas, the potency level of vaccines for children are
maintained all the time and this has helped to reduce morbidity and mortality r.ates. They further
spoke of the importance of hot water in the health delivery set up and therefore called for the
provision of water heating systems, preferably solar water heaters, in hospitals and clinics.

OPPORTUNITI ES FOR SOLAR TECH NOLOGY UTI LISATION IN GHANA

Solar energy has enormous opportunities in almost all the economic sectors in the country; ranging
.from AgriculturelIndustries to Health) .

. Agricultural Sector
"'. ... ,t

~ . :', " ~ t .•
. '. ", . \' "

',11') line:with the Gov~rnment/WQrld Bank and Donors recent policies for increased food production.".
and. food security .in' order to improve the social and economic status of the rural population"
particula'rly the poorest andmosf vulnerable groups in society demand for energy isex'pected to~
increase. ' '.,.

In;the,lightoHhis,solar,energy would,prove ..to'be the core,energy resource forächieving this'goal;:::";i: .'
, Thls':commitr:r.ent toachieye'selfsufficiency, in food production'would dependto'a':large'extent,on:~ ..":" ,-, :.::-'
,.iri~r.ease,productivity'in the-rural-areas.' ,These activities will be possible if irrigated farming is., ",,'
"iiit'roduced in most parts ofthe country .. 'Solar 'powered water pumping arid solar drying techniques'

could se'rveas reliable alternative to otherwise expensive diesel and electric systemsfor'Small scale, ':, "
," .jrrigation and mechanical 'dryers in remote'-area,softhe country. In this respect}'ifisbel ieved th,at'

.. there would general. improvement in- the,living.staridards. of.the country's predominately, rural,
"p~cipulationwith solar power. . ": "i '-:'

- Ir;n,rDediateOpportunities On Irrigation and Solar Drying
"<.J_ l- "'. •••. • '.' '.' •

"1 , ..•. :.'

) rrigatioli. . ..
. Ä yfsitto the Anfo .traditional ,area ,revealedthat small-scale irrigation farming is carried out in

thIs a.rea'.by cert;ain categories/of farmers i.e. those who .can be. classified as high; and middle.
incqr:neJarmers~,' They ,rely. Qilsically on electric, diesel and petrol pumps, .manufa~tured by':'
REPR?LLO of Italy, t? Pyr"p water from both hand-dug and tube wells to irrigate their-farrQs. '.. : " .

~:' ... , .•. ,.:,!.f .....:;.~., .. , '. J ': ' ',' • ':;' -, ~:. i." ,_, \', .' : • ; ': ,~_, • ", ","','

',. '..For"ä 400x150, sq.ftfarni, ~_.da'ilyaverage of four gallons is consumed by a petrol pump~for./
". ' :,.frrig~üi.o~,.~I)dthr~~.::gaj'i-önsfor a,diesel pump.' The"farmers, indicated that' depending wholly'on,'

'.,'eitherqiesel OJ petrol, pump is very expensive; thus compelling most of them to switch to electric
P4mps: ,They find electricity far cheaper becauseat the end of every month they pay a flat rate of. '

';', ,.~18,006:as ~compared to't420,OOoa month for petrol and t297,'OO for diesel. ,For those who'
-, .haveswitc_hed to electridty; .die'sel or petrol pumps are used as back-ups in the event of power,

ol..ltage,: ,i

, .
w'ith,the introduction 'of electricity for pumping, the .cost.of the energy comp6nentin the total
inyestmentof small-scale irrigation farming has been reduced from'30% to15%. ,Additionally,.the.
'erectrit pump has a'ri advantage of low operational and mainten;3.nce cost as compared to

. petrol/diesel pump.
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After: the:,aboye.'..investigationsl,the farmers ,we're ,introduced to::~ola'r purrlping~technology' as, ä.:'<
, substitute 'to electriC and petrol/diesel 'pumpswhich would helpel.im'inate som~'of these problems
that were being raised. Other issuesthat came out from this interaction with the farmers were: ;' ",'
• very high acceptance level for the adoption of solar pumps as far as if was going tobe' the

" cheapest alternative to electric and petrol/diesel pump.
• ' ,'the problem of maintenance was identified since competent and qualified technicians are not

located in the area.
• ' the'problem of-security of the solar installations was raised in the sensethat since the farms

arefa'r from their homes, there is likelihood of thievesremoving,these systemsat night.

The farmers proposed that' a pilot solar pumping irrigation farm should be established to
demo.nstrate the viabi Iity of the technology. . .

The Extension Division of the Ministry~o.f. Food and Agriculture indicated that they h~Ve'mappe~
out areas whe,retube well technology will be usedfor irrigation farming and'solar technology is one'
of the options that is being considered to pump.t~e water. '

Drying , ' '"," I, ,',' .' " ,

The export :otnon~traditional" productS are catching,onverYfast in 'th~' country. Nev~rt~eless;'the:
question of highquality'of' the produCt is paramount, for dried 'produce:' 'Solar "crop dryer
eliminates :any' contamination o(dfied prbducesuch pepper, cassava chips, cola nuts, saited'fishj;
etc. . ~

In'1996; = = = tonnes of pepper were dried' by two .tonnes capacity natüral conveCtion sol,~r'cror!>~':"': J:

dryers installed at Agona Asafo, Central Region for export to USA.' Under thiscontractonly40%"'~;'~" ,'\.':
"ofthe export product was achieyeddue to. limited size of the dryers. ,Meanwhile, a'iot more of su'chW•.:,:"
high 'quality solar dried produce (like cola nuts, cassava chips, salted fish, ete>'for exports:ex'ist asL' "':"
revealed ,by,Ghana Export Promotion Council. ,; c, ';'<;J,;;',

"~""~(*~':,
Health' " ' ' (i~~:!~'c
With the government's policy of providing~health facilities in every community of popü~,ation(if' '
2000 and above"solarwater heaters, solar vaccine refrigerators and solar lanternswill cont~nue to,
be a favourable option in ruralhe~lth delive'ry system. One,of the examples' of': hoV'! sc;>lar

, ,technology has contributed significant in rural health delivery was obsel'\(ed at Binde Health,
Centre., ' ; '. 'c',

::':' ',>,. ,

Avisit to Binde HealthCelltrewhich i~'owned by'a Du{ct1NG'Ocin the' Northern Region; revealed
thatfo,rthe. pa'st five years solar techno.logy has met' the refrigeration, fignting a!1d'operating':
thea,tre equiprl1ent rie~ds:of the Centre. ßinde, atown'in East M,amprusi District who'se'popUlatiörF
'is, predominately farmers was noted for high incidehce of snake bites. :Thiswas the reason wtlY the,

, " " 'Dutcli'NG'O 'e'stablishedthis health fad lity .r~the 'vilIage.'i As '-anadditipnal' me?sim~to 'reduce the'.
hi9hincidenc~'of: snake'bit'es':Tnthfs'town,'solar lanterns were 'introduced to the fa'r'mers"ih thi~'

, . commuhity since,the main'cause' of these snake bites was clue'to :non-existence'of outao~rlightit:lg"
systems in the night. By this measUrethe'health faCility, has been able to redücethiS'hi'ghiriddence
ofsrüike bites. This is one are9 where,solarlechnologycould be used to achievethe health delivei-y

,n'eedsof'therural people: ' . " . '
, ,

, How did Binde Health Centre promote the solar lanterns? The farmers in the first place were
educated on ,the need to get an out~oo'r lighting system in the night. The Health Centre operated'

,the charging unit. All that the farmers neededto do was to bring the solar'lant~rns,to the Centre
for charging in the'morning whilst they are'on their'way to their farms.' They 'come back in the ,
ev~'ningthrough the Centre to collecUhe charged lC).nternfor use. Afthe time ofthe, vi~it, this was:
being experimented to 'determine' the acceptance level of the technology and the,'subsecjüentmode

, ."' .
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Rur(ll ElectrificatiÖA
Under t~e Nc;üiona,I.Electrification Scheme (N ES) all communities are expected to enjoy electricity
services by the year 2020 .. It is obvious that even when the NES is completed many remote
communities will still lack electricity. For these communities, solar PV systemswould be valuable
option to provide electricity services. '.

The ,Ministry of 'Mines and Energy has already identified this problem and has established a pilot
s'olar PV battery charging station at Wechiau in the Upper West Region. By this system,
indiyid\.lal householdswhoarerequired to purchase batteries and lighting fixtures would have their
batteries charged at this station for a fee;

, '

'This an area where private and/or donor support will be required in extending electricity to remote
~ommunities in the country ... , .

;',;-\

Housing
"With; the recent increasing ,private investment in estat~ development, solar. PVand solar water:,

heaters COl-lldbe incorporated .irito'the modern housing architecture. A discussion with Ghan.a.ReaL
.. '-.' . ,.... • . I • . ..• ,.' " •..• ' ..•

Estate DevelopmEmtAssociation, indicated, that these technologies are viable arid wouid be cost,
effective in view of the expecfed increases in electricity tariff and petroleum prices .. The estate.
developer considered solar PV serving as back ups for periods of power outages againstthe use'oL
dies,elelectricity generators to be most favourable. They also considered solar water heaters as a

I:',. : .,. ~ ... '.. '. \ • .' ~:.~ . _ . . . .' . -, " " . • " . , . \ . •

~~:~~~pe~op.tiop.:~gainstelectr.i~>;h~~~rrs';:"l.,>'" .1 'ci "f""
j,"( ..~~:~;t''':i~);,,''f/.t': Y, :;:;'1'»< ./;':,~~ .',;, ~~'\:"f " ; " . .. .l.., . .; ' ••~

. 't.;,: 1..Q~uWrY/C6mr!1erc.e'"...', ,:, .';,.;:: -,,;' ,,: : I" .. , .:; , ',,I: •.
c.; 'h,~ Jrt ,b,6th industrial and cC?mm~rciar,s~ctors,therieed fOr ,hot water is high.. A few of. the food.

, ':R~oF~ssing.ln~ustriesand,' hotels',visited appreci~t~d, ih.e, need.for inst~llingp'sol'ar.'water'heating ..
;, ..... system~for p~eheatingwater in ordedO,cutdowncpst on,electricity bills and fuel cost. ,,' ,..~ ',I ..~, i'.' _.,:-"> ... ' • . • . ; .: ': _ ,,' • J .', " • . '. "

, .

.;." .. ,_;,"",.' I,.,

_~.:ti;:\:rt~ ,'_It.;: ,t, ,'~,,":,~,~::,_;.'. ~ ,. '<" \ ' , .- • ' ~" " .,' ..'. • ;>'. ."lll._~ I

',t~lecommunication' 'f' • . ',.'

A lcit.of business.is expected to boom if') the telecommunication sector for solar PV dealers,'~.;;~n
viev,; of the',rampant p~wer"outages and expected rising cost in electricity tariff, a, !ot..of.
org~nisatio,nsJiaveacceptedthat sola~would be a, viable option for powering their commUhicati,on,

'equipment. . ,.' . .
• , . • J •

, Ii'Uhe'~outhern part pfthe' Volta region where the water,table is shallow, the farmers iri this ilreq
'. m~ke;useof ~Iectric pumps topurpp well,'water to irrigate their farl'l1s. :Tbey.were hitherto. using,
, IdieselorpetroL pUmpsWhich Were,very expensive to ru.ndue to ,high fuel and mäintenance costs.,.,
'. - "-: ....\.' ~.. .' ., ." . ,.. " ' ~ " - .,' , ',', ,'" ,....,. .- ". \.\ " ' . .: .' ,~ '. I

" ,- .~... '. ' .. . . . .
.'The '~c6n6mic analysis suggest that, thesöl~i' pump isverYcompetitiv,e with t~e el,ectric pümjfand .
.ther~fore When, introduc~'d,:ihe',Jarmer5: will. readily shift t,o'splar.Spme farmers wbo:;wer.e.'
interviewed in the 'area, suggested,that for those.farmers that are yery remote froll1the grid" solar
pump~wili b~welc~me,'ifintrodu.ced sincethey would be I~sse~pensivethandiesel pumps..!.;" ... :,

. \ . . ..

In,the industrial,secto,r, opportunity exists in using solar water heaters to preheat water in.th~'
rural cottage industrial

',"

, ,
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I~ENTIFICATION', AND"'ANALY,SIS \OF MAJOR CONSTRAI:NTS::fM IL.:ITA"VING.:!AGAINST."
POPLJLARISINGSOLAR ENERGY:SYSTEMWIN GHANA
, .,'

"
I.: , ~. .'. ' .,.w

4.1 ,Price of PV Systems,

The' prices of the systems are not affordable for an average income earner to purchase. For.
example, the market pri~e of a solar PV system providing power of 120 Watts to house is about
~2,OOO,OOO.00.Assessing the income of workers in the middle income group, a worker earns an
average of about ~5,OOO,OOO.00per annum. ' Using this income as a basis, a PV system will take
about40% of that worker's annual income. Such an investment is could be considered too high for
people in this income group.

A careful examination of the price of the above indicates that the CIF value is about
~l,400,OOO.00 and tax componet1tof 25% of CIF value amounts to ~350,OOO.OO. Assuming the
importer. takes 18% of CIF value as his margin, which is about ~250,000.00, the price of the
referred 120 Watts systems comes to ~2,OOO,OOO.00.

Looking at the above breakdown, the '25,%ofCI F value which is the tax element that :governri1ent
is imposing on this new technology, which is acclaimed world-wide as an environmentally"friendly' ,
energy substitute, is too high. By this analysis it is recommended that ejther the total.25%of CIF.:
value as tax is completely removed or reduced\to about 10%.This will considerably reduce the.
market price of solar systemsand make them affordable for the average income earner.~,~ ",,, '

',\ . J ~ .

, "

If importe'rs can take advantage of tax exemption on imported components for the,:asserpbling,:of '
, solar. systems locally, it should be expected that the market price of solar systemswilf.,be:'reduced "

considerably. :.r:~;i"',,.;', ,','
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4.1Perception of Users

Majority of Ghanaians, both, in rural and urban areas, do not have adequate'.knowledg~...of,solarl
tec~nology. This is because the technology has riot been effectively promoted by: the,'Miriistri of '
Mines and Energy and dealers, either through advertisement or by any other media facility in the
country.;; Up to'date,radio and t~levision, the most popular advertising medium does not ~arry a .
single .advert on solar systems. Citirig the example of the promotion of cellular telephone systems\
in ,comparison to solar technology, one would observe that the cellular telephone 'systems have,
gained rapid market expansion within a' pe~iod' of three years after, the introduction :ofthe'
technology ,in t~e country and consumer acceptability" has been found, ,to ,be high' due to,the:
effect!veness, of, the advertising teehfli<~ues that were d~ploye~ for their pr()motion.' ,If so!ar',
te~hllOfögy is also given the samelevel.,of,prorhotional effort itwill gain high popularity among
Ghanaian~.' , "'.:,)~,:: ,'i 1 ".

. . :~~ t , '. 'I.'. ' • I

',:Both, the,:,Ministry o{;Mines and"EnergY"and,'dono'r 'agencies can contribute effectively ,towa~ds'
raising ,ton~umer awareness' 'of the::~~lar' technoIQ,gy. by rWlning educational::ca~paigns,"

work~h?ps/train!~g and demonstration sessions'for ~arioüs categories of people in th'e country.~

Operational Problems '..

It was i(:lentified during the .visit to solar installation sites that about 90% of users did not have
adequate knowledge of how solar techriologyfunctions or operates. This is'due to the fact that
iristailers, after the ini~ial training on" the use, of the system do not give User manuals or
maintenance checklist to lJsers t6 'enable them undertake routine check and maintenance on the
system~.

• I



I~is, recommended,that donor;:agen~iesS~9,!J!dgs~ist recogl)ise,dorggnisations/associ~tio!1.~invo.ly~(t,
inthe'promoti.onof solar technplogy in the country tq draw up a suitable user manugl 'and chec,klj~t ,
on the various solar systems'to create the necessary user knowledge for the operation and
maintenance of these systems.
,~, .,

Another problem identified was that most of the installers do not engage qualified solar technicians
to do the installation works., This, in most cases, has resulted in improper siting and installation.
It is recommended that donor agencies should assist NGOs in organising training programmes,
periodically, to equip technicians with the necessaryinstallation skills.
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ENERGY NEED IN 'AN AFRICAN FAMILY,

By R. I. SALAWU
University of Lagos

Akoka, Nigerici
E-mail -salawu@nse.org.ng

Introduction " .. .~'

. -, .', When we ,talk,of Energy nee~~of an African family we maifirstneed toqefine ttiestatusof tbe
African family we wish to dis~uss.. As we shall, see the energy needs vary significantly from one
group to the other. For the purposes of this dis~ussion we shall consider the four basic groups; 'the

; African family in rural arei3.;the rural-urban dwelle~! the middle classfamily ,a,~dthe'IJPperclass: .
'family. ,The family sizes will normally depend on where they leave' and the 'position on ,the ,::,
eC,on'omicladder. It is most possible that the rural family will, have 'a large famiIYi'beca.:use'theY;''-,',!,' ,

, ,need more hands to work ontheJarm. But; for the purposes of, this 'discussion1itis 'assumedtha:tl~:i,'
the families are of the size.

The Family

Supposewe consider that the family ,is made up .of. the couple and four children. (an average one):';;,,"
In the rural areas the family may live, in~ hut. .Their energy needsare basic, and these can be.met' I

by what i? available in therieighborhood. The main energy needs of the family ,is for ,cooking
heating and drying of farm products.These energy needscan be met from farrirresidue or fuelwood
and solar energy...

~ ',. : I ' .
" ,

"'. .~
• j"

". '" '
'" ., ,;..e:

, '

For' th~ ~~mj-~~panfamily, t:hee~ergy"rie~ds ~r.~'slightly more. The ,familY',sabode l)1at,be a :'room
and a'parlou'r. They require energy, for lighting, ,coolin~ (a fan),cooking a~d heating. These needs
can b~ met as follows:~ "" ,: ,":":",' , ,

•• : For cooking - firewood, charcoal;ork~rosen,~~ ,.,,".
,'e For,lighting '~'keroserie; c9-~dle'l.ig,tif(or\eleCtricity if th~y are lucky)

. " ',j.t. ., ..... ,.. ", .; , : ' • -.,f -oj r ,'. '.' .' , ,.... •',e, For prodUc'tdrying - solar energy:'" :. ":-'.~,':' ',:. ',', " ")" " ..
• ',f' ,," ,',. -' •• - '. •

. :~ 'Tr~nsportation' -';public' tran'spci,rt;petroleum:' ,",' '. '
, '

~" '. . ' . .' .
For the middle 'class family, thei/apodeis"[ikely to be a two or three 'bedroom 'apartmerit "'The,i(" .
energy,needsmay oe:- " . ..., ' , "
• For cooking - charcoal, kerosene or LP,G' .
• For lighting - electricity

They may have one or two air conditioners lnthe house. Both 'husband andwife may be working'in
offices where there are fans:orair conditioners. If theyarelllcky they may own a'carfor which
they use petroleum products.

mailto:-salawu@nse.org.ng
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,- The"l,Jpper da~s fa''T-'ilyis,likely to,',ow~"ahouseor leave in Government or Company, pr.ovided
, apflrtment: The energy needsmay be as follows:-
'. C~oking Electricity or gas"
• Lighting: ' Electricity,

'. Cooling Electriuity for air conditioning
• Transpo'rtation Own a fleet or air conditioned vehicles - petroleum

Work, live and travel around in air-cqnditioned environment. Thus the summary of the energy
consun1Ptionof an Africa family may be'summarised as follows:-

Item

Cooking

Rural dweller

Farm residue,
firewood. Dung

Rural-urban

Firewood, charcoal
kerosene

Middle class

Charcoal,
kerosene
LPG

Upper class

Kerosene
LPG
Electricity.

Heatirig(if any) Farm residue
firewood

Firewood 'charcoal Charcoal

. >l' .

Electricity ,
Gen-set'

". '.~
Electricity
Gen-set'
(fossil fue\) ,

Hurricane lamp;'
kerosene lamp
Electricity
candle light

. .

N,atural,' Electric'
fan, Air, '
conditioning
Gen set (if any)

"

. Hurri.cane lamp
candle light "
kerosene'Iamp
Electricity ,
If available.

.'.-.: .... ,:'.; i. :,' (~~ I. ','

. ,
•... ,' .••• "," r'j .

Natural EJectric
fa'n (if ~~y

,,- .
, -"

Naturell '. ,'.

, "Hurricane'lart:lpll
oill~mp

. ,
"", _:~,.' c~.. _.- :;, ."

":'\)' , ,

':""'':':'',c: ,~:~'??k!'~:9'"

'.,

Transp.o.rtatioq' " Animal; human
. '..~.

human; public
system, motor-
bicycle;
(fossil fuel)

Public system
own vehicle
fossil fue" '

Own'or' ,','
Government
provided
vehicles. FossiI
fuei

Electricity

\ ;..

, ,Electricity
dep'endent.

,Human labour; Electricity
fi rewood, charcoal

,depending nature
of work: "

" '

,Animal>' human'
labour

Hard,IY,anyex'cept 'Some,Ieisure:-Electricity
,l1\laybedrink local' ,Cinema: Electricity 'dependent

"',.v ,'..'
'.brew and make '
'babi~s. ' ' " ,

Production

- '.."':':'; Leislire

'J

From the foregoing, wesee thatthe energy need of the rural and semi-urban family hardly 'comes
into the energyequati'on because it is maiilly non-commercial form of energy.. But these families
form the greater proportion o~most African Countries a,S most Africans live and work in rural
ar~as, excepLt~ese,day.s that we have the rural urban drift for the amenities that clean like clean
energy that are nöfavailable in the rural areas.

, .
,- ,," .. '"," '.



tlie',aboveresult confirms the..findin~Wofa'study lhafmainsource' öfenergy in,the rurafareas 'are" .' ". :,.~:''''.l',:' ,'.' .~~...... ,~..... '. "\.,~ , ",," ~'J ,." • t " . '~":-{~~! •. \ -' ", • -. ,f ','''.

far'n1'residueand fuel wood., " ' ,', ' , " ' ,', " '.' ".

In rural Africa, fuelwooq accounts for over 90% 'of. the main sources of energy, especially for
cooking and heating. The reasons adduced tqthis is the high cost of other energy ,sourcesj'brake
down of devicesand easy availablity Of fuelwopd compared to othersoui'ces.'

Women and children are also the main, suppliers of fuelwood - their relative percentage
contributiotls are; women -60%, children,-i3%, l)1en-13%, house-herp-4%.

Furthermore, it can be deduced from the above table that the main benefj'ciaries of the public
expenditure and energy related infrastructure are the middle and upper classes.

Besides, the produce of most African countries come from the rural areas, these produce earn the
foreign exchange with which various infrastructures are provided. Thus to stem the rural-urban
I • ' .

drift, and ensure thatthe people remain on the land, it is necessary to increase the a~ess'to energy
,and other good things of life that are found in the urban areas, to rural dwellers. I .'

.-
. . , ' •. ," , _ _,.. I .

$ince'~mosf fura,l areas are far from the gricl,the easiest and readily available 'energy source' that," ,:.
can 'be provided ,arerenewables. Tbese are chea'p:and environment friehdli Som'e of these'
renewable source~ are Solar PV systems, Photothermal (flat' plate collectors) solar driers,solar
cookers,and biogas digesters. :

.f _ . • . • - •

The technologies for some of th~se .are within the rea'ch'of most Afri~an countries: and the raw/;:,:: ' , ,,'
materi~ls ~.~ereadi Iy avai lable. Unfort:unqtely the costs Qf ~heseu,nits are;'beyon'd,the ,'r~aQhofd~,'';,:'';:
~~st rural dwellers .becauseunlike cpnvention~1energy sources they are not yet being,:subsidisedbxl;\~:';:':;

,Government. For example, the Government should provide community centres where people can'" ,r'
gather'for a few hours in the evening, in the rural areas ,,'

.' , '. . .... )

These' centres could have such faci,lities as el'ectricity for television viewing, an.d .otherl.c~m.mun~L~.~,~:.:' ,.,r".

activities. ' " " ' , : ' ,,', ' ' , ',' .." " "-:",,
, . . . ". " .

jn a,ddltion, Government must s~bsidisetheseunitsbY writing off part of the costs and' spreading
the rest over 'along period. : '

~.... . .' .
'. ~.

., .. ;' \ '''.

,;

" ,
.,., " " .. I
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.,; ,."1 .SENEGALESE 'EXPERIENCE ON SOLAR RU RAL Ei.;ECTRIFICATIQN',

By Mamado'u I<ANOUTE
MeChanical Engineering

INTRODU CTlON
Energy situation of the country
The demand for commercial energy is dependent on the oil imported;
Exploitation of forests for more than half <1/2) the total energetic consumption.
Characteristics of SenegaleseRural Area
Difficult accessibility and isolation
Scattered villages
Low energetic consumptions
Low incomes
Necessity to llse New Renewable Energies.
Important potential

.. ' Adaptation to rural area
Preservation of the Environment

POT£;NTlAL SOLAR ENERGY
5.8 I<w/m2/year
3,000 hours' irradiation/year

, .
, "

WIND ENERGY
4 to 5 m/s between Saint-Louis and Dakar on a 30~40 km stripe
3 to 4 m/s in the Low Coast line

BIOMASS :;. ,
. .

Important agricultural and agro-industrial 'by- products: sugilI' cane residue, ri,ce,.cotton 'an~":'-
groundnut husks;
'Important forest reserves in Casamanceand East Senegal.

, ,

MICRO - HYDRO
The Senegal River
T,heGambia River
,For il potential estimated to Imillion MW/y~qr.

INSTITUTIONAL ENVIRONM ENT :'.. .

,Structur,es' " ,
Ministerial Departments . ,." ,.
Training and Research- Developmen(Institütes
Test and control Laborato~ '

, Private sector
N.G.Os

Statutory written references ,
Prime Minister's circular letter, n° 1022, December 21i'1978. A solar Energy 'alternative: in
public markets for energy supply; , '

,Law n° 81-82, June 25, 198.1: taxation advantages for investments in solar Energy;
Decision n° 0706/DGD/DERP/BEl: Exoneration from in'come Taxation and VAT (cancelled with
the enforcement ofthe UEMOA TEC) ,



b~ci~i,on,n°,291ME,MI,(M"inistt:yof, Energy, Mines and Industry), April"21; 1999:,Bureau for~he '
, , 'quantycontrol of solar p~otovol~aic compone(1ts. '

MAINACHIEVE!\I1~NTS
Individual lighting: 3,OOOSHS (Solar Home Systems)
Centralised lighting: 7 solar power stations
Education: > (more than) 30 elementary and secondary schools + alphabetisation centres
Health: >,(more than) 4 health structures
Drinking water supply and irrigation: > (more than) 200 pumps
Solar water- heater
Battery recharging: Television, Iighting, etc...
The Training of local te'chnicians
Adoption of norms
~overnment official plan for Rural Electrification through Solar energy

ISSUES
AUhe, institutional level
Lac~of meanstor t~e l\!e"YRenewable Energy service
,Difficulti,es i(1c'oo'rdinating " . " ' ,

• I ._~ .', ." ,_ •._" • _"

,Import 1:9,xationand VAT'<TEC,UEMOA)

.)n,the fina,nci~g
CosÜy initialirivestment ,

" ",L:acko(~9,aPtedifinanci!1g
":";3 .1' ,'" '~':f:. /:: _"',;{"~i~......'.

Organisati,on,Chart'.'.' '
No weli-definedorganisation chart forthe management of solar energy Electrification projects,'
Shortage of specialists in repair and maintenance

'" .. ,' ~h~~e I~Y~.IQf.t~eability ,reinforcement.
F,ew()n-: going~rainings for local specialists
,Li~tl,eornointegration of New Renewable Energies into teaching syllabuses. ; :,

" Perspectives
Organization Chart , ' ,

.Adoption. of one or many organization charts
Setting up ,financing adapted to 'nondrastic,conditions

Resort to ot~er sources of Renewable Energies
"S6Ia(heating'" .. '. ", ,\,.'

,,;' . , :

. Winqenergy', ,?~:..
. B i'omass-'. . . .

I~stitutio;'al "framework' __.,", .. '
Enforcement of existing. statutory writt"en references
Före~eeing,otherincentivestatutorY and taxation measures.

.LE.C.
,Campaign ofsens.itisationand information ,
Integri3.tiono~ NeiNRenewable I;hergies into~chool syllabuses
Training of agents.

j

'\
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Con'cluS'ions~.'l'r:-;. '~j":" . ~>:i: .. :..~..... ":~":;l', ,-H'.<. ,', ~ ,,',-'~';'., ;-~.. ,,;,.::~, ~',.,
The development and promoti?n of New and Renewable Energies'require',üs6:
The integration of New Renewab,le Energies into the national energy policy
The existence of an incentive institutional framework
The Training and information of all the agents. '
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GRID CONTROl-FOR HYBRID SYSTE,MS

Mr. Paolo 'Pinceti 2

I ntroducti on

The paper focuses on the design and implementation of the _Grid Master Control System (GMC)
defined for the European Project JOR3-CT97-0158 - PV System Technology for the Gradual
Penetration of Photovoltaics into Island Grids.

The aim of the project is,to clearly indicate a way to transform isolated grids powered by diesel
generators into hybrid oneswith the main power contribution coming from distributed PV inverters
and with battery storage capability allowing further evolution to pV/battery only. Throughout the
evolution processof a typicalisolated system, the GMC goal is to achiev~ relevant improvements in
.terms of pow~r availability, frequency and voltage regulation,fuel and maintenance savings, air
emission and noise reductioQ. :The project goal is to achieve'economical, environmental and social ..
benefits; It advances a Cleantechnology to be:integrated irjawide variety of.sm'pll utility gr,ids"
enhancing the quality and the reliability of the energy delivered to customers, contributing to
energy savings, and furnishing employment opportunities in the hamlets where ,the-systems will be
implemented. End users of such technology are both utilities and their customers.

. . ..' -.

The GM C strategies have beer:J'd~fined in order to.obtain the. abovementioned improvements with'.,.,:
,the lowest impact over existing' systems assuring' the' maximum implementation easi,ness;!,""'.t'

Distributed PV inverters are considered aut~moriiousdevi.c~s,equipped with an 'autonomou's controhJ'~I":
< .._ • • • l'

logic that leadsto a globally co-ordinated behaviour, 'which is able to maximise the solarenergy.;'< ,'i >,

production and 'the overall efficiency. FrequerJcyand voltage regulation are performed by:the GM C ,,' : '. :' :'"
through diesel power gen-set'svoltageand speed regulators and a Central Energy Buffer System'S1, ,. ,-,

, (CEB$) with bi-directional power modulation ~apability. . i 'c. ,', ,( ",'o'::.I';'!

Diffe~ent control strategies and operating modes are defined to cope with the forecasted syst~m
evolution. GM,Cis tasks jncll!de configuration management, control strategies' management a'nd,
battery charging management.

\',

The technical solution outlined for th~ impl~mentation of.th~, G!\I1C; is based on th~ use of a f~zzy
logic. This is due to the specific skills of fu;zzy controller$ in dealirg with uncertain information"
,not.cle?lrly shaped' constraints or Iirnit~,...~!1d..thei.r abi I!ty ..to .w~r~,' QI'!. syst~~s Jor whom'
f'!1athematical models .are n~tavailable or are difficult to be d~v~loped,~handled,or~odifi~d. The

,paper.shows how the fuzzy controller will carrY;out some GM C'stasks.: .' :
•• ,<I ~ f:.

The,Elltopean p'roject JOR3-CT97~0158' ,': .
l' '\

•~ '.1 ••

The EP'\\PV SYSTEM TECHNOLOGYDEVELOPMENT FOR THE GRADUA'L P~NETRATION'
Of PHOTOVOLTAICS INTO ISLAND GRI'DS",.was sponsored by the European Gommission for-
Non Nuclear Energy Programme - Joule III. . Partners ih' the p~oject are:,'ANIT. (Italy), CRES
(Greece), ISET (Germany), TOTA~ Energie(France).

2 Genoa University - Electrical Engineering Depart~ent.
Via all'Opera pia, lla
16145'Genova (Italy)
pmceti@die.unige.it
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. .The proj~ctfocusedon theproble.m oUhe. integra~ionof renewäble.energy in small and weak utility' r
grids such as those of smallis'lands or remote 'hamlets. More exactlYr the aim of the project is to
clearly indicate a way to transform isolated grids powered by diesel generators into hybrid ones,
with the major contribution coming from photovoltaics. The development of the required set of
modular components was the target of the .project as well. Such set of componerits includes a 3
kW grid connected tolerant inverter,' a Central Energy Buffer System (CEBS) and a the
appropriate Grid Master Control System (GMC) which is the topic of this paper.

All the above mentioned components have been integrated in an experimental pilot plant since May.
1999. The project started in July I, 1997, and got over at the end of 2000.

Application area

The application area for the technology developed throughout t~e Project is in the multitude of
isolated networks having the following characteristics:
•. population ranging from about one hundred to twenty thousands permanent residents; ."
.; installed power. capacity of diesel generators ranging from about 100 kW to up to about 15

. MW. The,yearly electric energyconsul11ptionranges from abo.ut 150 MWh to up to 40iOOO,
, > GWh and,itis'exp~cted to increase from,5%' to 8% per.year; . ' ".1".<

.production cost of ele~tricity ranging from about 12 cEuro/kW (approx. 0.1 $/kW), for large
, :' . size networks, to up t6 about 1 Euro/kW (approx., l$/kW) for the 'small ones; .; , . , ;
• Even though already cost competitive in some islands or, remote communities,' photovoltaics .

,are not introduced by utilities on a large scale due to the following main concerns:'.<.. stability'oMhejocal utility.gridwith high PVpimetration :. ':,,;;;' ,,\( ""f,

'. perfbrm~nces of PVsystemswith lowgrid power quality-,'> ,.1',i.'.; ;,'

•.' :uncertainty regarding' the real' dieseHuel~saving ":.',,:" ":;'0';';, :',

• ' ~eliability of 'PV systems " .: ", ,.,

.Electricity costs,'and,Power,Quality. in;jsolated networks", .'
. ,I'
,',' . ,,"., .

r .' .,~. '

, ,

t""

Data' from Greek,H,alian:and French islands (the only "isolated systems" in Europe) were collected
and analysed for project purposes. Even if some differences have been pointed out among lhe.:

.different uti Iities (energycost5,deve'lopment pol icies, actual structure and rene\IVablepenetration)~
many common problems can,be hi9~lighted:, , '.
• , electricity production ,cost is very high compared to interconnected electric systems, thus

, ,'/enabling PV systemsto be competl~ive as fu~1saving devices; .
,•. large,variations in grid freqIJency, up to.6-10 %, are usual; ,

, ."~:"Iarge variati()ns i,ngri(voltage,up to 20%,~reusual; :,
, .. : •. ;}reqpent,.gridfaU~rescaused by g~id w~akne~s~

! I,: ,."'/" 'e l' ,-., _' ' .. ~' ". '. ", ". ~ : . .• ":, •

, . ,It,;,~höulpbe,no!edthat'?uch,~ poor, power .quality is 'aD c,>bstG!cle'tothediff,LJsion' o't'Il'10st
~?mmercialgrid ,tied IP\jsyste~s, since they usually requires much' mor,e narrowfrequency',and.
voltage limits for continuoUs operation.'. ' " .

.' ' . .' ' ',', ,: r, :.; ....... 1" .,.:, • ". "',":.' I

, ', .

Thi~ obstacle is overcome by the development of an' appropriate gridtiedtolerant inverter, suitaple
for'the interface between P\isystems and the isolated grid •. ' . ,

r. ~

, . ,.. ,

Problems related to high PV penetration ,/ ,
". .", . .

Major problems related to the h'igh penetration of, PV systems in isolated grids concerns grid
stability and PVpower excess and/or shortage. As regards to grid stability, it has been ~oted that

" c'ommercial inverters for grid ti~,d PVsy~~ems.requires frequency and voltag~, limits that are,~ery

I
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often ;Iexceeded:'hi. . isolated;gr~ds.'J"\iSl:Jph'''cohstr~ünt: ,violations'ar.e:':res~onsible,<Jor 'invert~rs!
disconnection from the grid, thus',emphasisingst~bility,problems., In fact, if anover.fr.equency limit
is exceeded due to a 'load 'reductiori, as an 'example, this. would.- cause the ,sirpultaneoGs
disconnection of most of the PV sy.stem,s. If.pV power contribution is conspicuous, such an event,
may lead to a load excessthat could evolve to the system black-out, or at least to greater freqljency
osciIlations. '

Another important issue concerns PV power excess. As previously mentioned, the electrical load of
the considered islanded system is variable during the day/month/year. If the installed PV power is a

,considerable percentage of the peak load occurred throughout the,year, let's say 30% to '40% or
more, then it is expected that the PV power will exceed the load demand for. several hours during
the year. The conventional approach to solve this problem is to remotely control the PV inverters,
with highcosts,and complexity increase., An.a!ternative solution that does not requires centralised
control is presented hereinafter. ' , , '

. .' \

Technical approach ,
The strategy for'the gradual penetration of photovoltaics in islanded.grids can be summarised into,
fouriphases:,." ': , " . " "',,
•. Phase1: the total PV contribution i~signifi~~ntIY lower ~hanthe instantaneous load demancfof

," supplied loads. Tol~rant PV s}'~t~m.s"a~erequired to allow for economic,operation of PV; , " '
• Phase 2: PV contribution on the island approaches the Jnstantaneous.Ioad demand ,in some' ' '
, : ; periods of the year. The;technicallimitations to additional introdu,~tion ofpV;are~ overcom~ by~',

appropriate con,trol strategi~s in\(ol~lng distributed PV power modulation; , .", ~',;;, ,,;;
• Phase 3:, Economic losses associated to growing PV power w9.ste~ due' tQN"additional"" ,,' '" '»f!'

introduction of PV are overcome bya centralised energy buffer; ',":~:~;~i!~,,;,~, ' ','\ ~.;Jg;lt~

• Phase'A; Further jncrease in PV penetration an.d,energy,bl!ffer capacity' allows fo~temp.or.ary, .' ~:'.,:!~(~
switch off of diesel generators~ "'~' , " , . , 'c' ,;:;',:-":', 'I' ;-! :, ,","",?''';,'';

" ." ~.,~'

\ 1., ..

I•• "

,.j

. . . ,, ,

A Grid MasterControlunit(GMC) is requiredto manage diesel, energy buffers and PV[g~l']erators; ,
The Grid Master Control has to solve the following problems: , ' " , '" '" ' "
.I'frequency and voltage regulati~n;' , ,,' , ",:' ,
• '"interaction; between the ce.ntralised ener.gy' buffer, the ,diesel generators and' distributed " '

;,p~otovoltaics generating units;
• dailyoperatfng modes p~licy; ,

,. ,p.laqns and ~merg,e,ncy,man9g~merit;',',
'., ,b'lack-start procedure, " ' '

," .; t,

, Tr~pape~ is focused ohthefirst,twopoin~ihordert6 define gricFvoltage and'frequel1cy ,r~gulation"
• • '. - • J -'\ • • _, • •

policy Cln~tq define interfaces,betw~en the GM9 .andthe various generating units: ,<, ... -: "Cl;,.' ~ "
., 1. . ,'rJ- ,.;.: ::. I ' ~".. • i .~' . ... :~

.... "j • '.'':' .;

....',

'ß ry1C,OBJECTIVES ,; .'
;.". \'., :',:' '. ,

.~- ,

, :: '\. " -\1"" . . ' ,": " " "', .":',~\!1 " _ .... '.;' • I

The Grid:, Master Control goal ,is t.o.ach'ievethe fqllowing improvem~.nts for the ,typical island
sys~ems:,;', " ... ," ,';, \,' ' " "
• .Power Quality;, .', .

. .Power' availability; the GMC is ex'pected,to pring considerable improvements'in' terms of
stability of the local utility,grId, r~duclng faults disturbances due to small isolated systems'
!ntrirlsic weaknes~ " .' , ' ,,' ,

•. Frequency regulation; to fully ,satisfy standards' requirements for frequency range in non-
interconnected electricalsysterns, th~ grid frequency must be kept within rated fr.equency :I: 2%

• " • ~ , .' of •

'over 95%ofa week, and rate,dfreq4enCy:t 15% over 100% of aweek. The tarc~et is to reach
"better results'with a narrow;frequency deviation. . . , '. ,

•• j,". , •• 1
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• Voltage reg'ulation;according to international standards,the system voltage, in :normal',
, operatingconditions~'mustb~' ke'ptwithin VR:t 10%, where VRis the system rated voltage.

'. Costs Savings; , ,
• Fuel. savings; appropriated design of the GM C and its strategies should .Iead to diesel fuel

savings
• Maintenance and machinery life cycle; the GM C implementation will positively affect the

rotating generating units availability and will reduce the maintenance costs.
• Environmental issuesreturns;
.' Air emission reduction;,
• Noise redu~tion

A must of the project is to allow the transformation of existing conventional grids into hybrid grids
to be 'gradual, in order to gain acceptance from local utility companies. Therefore, great
importanc'e' is given to technical solutions which guarantee easiness,'adaptability and low impact
over existing systems.

SYSTEM DESCRIPTION'
. ': ...~. . . ::.': "

When'the la~ge scale penetration of PV system'~'is reached, the electric system:-ofa typical 'i?la~d' ,
grid ,appears as, it'sschematicallyshown in figure IODIn such a system the main actors are
identified as follows: '!' , ".,'

.' loads, to be consideredforthe absorbed power;

.;, tol~rant gri~,tied PV inverters (f'V>, to be considered for their power injection;, ':
• t Diesel Generator(sHDG>i:whichare:able:to perform frequency and voltage regulation or power, "
, . 'control; . ' '". ",~
.: the Central' Energy' Buffer 'S'ysten{ (CEBS>; 'which' allows for a bi-directional'power, flow',:

, according to the contro.l strategy implemented'by the GM C ' ,,'

It has'to be noted thatwh.ile DG(s) and CEBS are located in the 'power plant;andtherefore'ea,sily.'
accessible from the control room, PVsystems and loads are distributed along the system,'and' not
subject to any remote controL',

, ,

~'_ "," ~L '. ,'~ ~

System evolutiofl
. . ...... ....' . .

'The maximum PV p~netration on an'grid,.isreached gradually, and four phases tan be Identified:'
: it ' Ph~ I:" > The PV penetration is'loW. The diesel generator is the only actor and PV's power'
, 'contribution just reducesfuel ,costs. " ' , ',' ,',
.,': Ph~ IT: '" Due'tö':increasinc;rP-V, penetration, PV's' generated' power ap'proachesj,and'

, " '~",\ sometimes exc'eects,the load demand. The CEBS is not.yet installed. For most of,the time; the'
',: :",dies'ej'generator'is the ofulyacto'r or .the main contributor. However; ,ih some midday hours we

•. ',' 1 ~ •• , "\_ • ': .. ' • I I 'I ; ~', , • .. ,." '. ' ~ . •

,~" ';h~ve to 'dea~,with two powercont~ibutorsneedingsoi11e co-ordination action.' " ~""
.:, ph.: III: >with further growing of PV contribution, to" aV,oid el;onomiclosses' due to PV's,

. . ;"en~j:gywasteandto'sta6'i1lse the:system operation, the CEBSmust'be installed. Thisallowstt6
''':',absorb ex'ceeding power from. the grid and to ,return it when necessary. ' In this phase three
,"'cjifferentgenerafion entities are present (distributed PVs, dieseLgenerator and CEBS>; and a"

,> , GM C is necessary.' ," .
,~ Ph. IV: I ,With a furthe,r increase in PV and ,CEBS capacities, the,"CEBS is able to cover'the

, "entire load demand, aHo\Ningto temporarily sWitch off the diesel generator. Finally, it will be
':, ,:pOssjbleto run the system using only the CEBS and distributed PV's generators, while the DG'
','C' should be used in extra-ordinary situations or high load seasons.

,Table r surrrpari$es, the various system's configurations to .behandled throughout the system
., .,-....1'

. J'.

!

, ,

.' .j. - :.. " ~ . . . .•.....



Table I - Power Systel1:l configurations' ,

'..

1"\, ''"'','.
. ,

., I ~ ..... .~l ;- r • , "

':,., \,

DG distr. CEBS " Conf. name comments, GMC
PV I nverter/Re~tifie (abbr.>
contr. r ,

.
" "

Phase ON low X X CONVENTIONAL not
I (C) ~equire

, , d
PV contr. approaches

Phase ON high X X 01 ES EL/PV or exceeds' not
II <OP) " instantaneo\.ls load require
, ,,' der;nand: Actions are" t d

"
needed to avoid power
excess

" bIESEL/PV/CEB Frequency and voltage' ,
ON high, ON 'X SInverter mode' regulation are possib~e,' , ,

phase ';
"

,
" . ' '<OPBf> ' in.yar.ious ways ->~,~l~<,>.... 'r~quire,:,.' ".; ,: ':' ,.;- , " ,

, . , d" "

IU .. .oN high' X ON DIESEL/PV/CEB Battery, charging:, ... "', ':" ~ :~'r' 1

$,Rectifier mode " ' methods 'have tobe' :; '" ' ~',' \.
"

" <OPBR) 'consiqered ' t., :~ ;:i: ' ,'.
, PV/CEBS Fr.equencyand voltager l~,.."i;~~~:-. ", .

Phase OFF high ON X Inverter mode regulation have tobe " ~requi~e,
considered "

;d'::,-:',""/' J' ' ...., (PBI) " '.;o-;.,"tt
"

VI PV/CEBS ,Frequency and voltage ~.~,

OFF high X ON, Rectifier mode regulation have:to be
' ,

, ", ", , , '
' ' (PBR) considered' ~:'" 'i::~/" r.~. . ,

,

Nötes to table I: " "" J,,'

• for each phase,' ohly configurations different from those listed 'in, previbus phäses are
, considered' ,', , ' , .,

• each. phase inCludes all the syste'm's configuration related to the' previou~ phase; 'alttibÜ~h; nqt'
listed according to the previous stateme'nt ',' ,j, .'",' '-: ,::, " '" \ .', ..

to:

q"
",'I(.,: ...

".<:t~.~
..,' i:~:'.:~~~\',.' .:..,
~" .. ;~W;,:

~': ..:

, '

Distributed PV inverters control

.~. ;. " :

, .. '
'J:' •

t, '.,' ~; .

,'" Cornme'rcial PV inverters arede'signed tot-un ii1Maximum'Powe~ ..Point Tr~c:king' (M PPT>. mode,
'",.,using' the grid frequenct,to,syn'chrpnise",the inverte.r,pro,~ide~'Jhat grid :V9Itag~ 'and~fre'quency ,:

, ',oper",ting limits are.respected.' Thisfeature,:,'allows ~o ri,~)(irnise the PV'sy~tem 'effi'ciency,fo(any'
given: solarisationcondition a!1d. has:, no 'drawbacks" as'rong as' t~e PV)nvertJ~:Js\ti~:dt~. an:'

'" interconnected grid, However, when the PV powerco'ntribution becomes an'impqrtantpartofthe'
. - - - . '- . . '.' .. " - " '. ~-, ,,' . . '.' . " - ~ .",

total 'generated power, a. more complex contr'ol logic is needed. In fact, the~radual, incre~se in PV
systems :installation leads'to a si~uatioh (envisaged as the Phase 2)in which the"PV' power'
contribution needs to be modulated, i.E;!. reduced with respect to the M PPT value~ In örder tcallow:
the diesel generator to remain within its operating ,limits. To solve this problem, a freque'ncy droop
is introduced ,in the inverter control logic, to lower the power inje~ted into the grid;' 'When the
frequency rises above a given threshold, the output power is reduced accordingly to ,the frequency
error with a settable gain (droop). 'Such a logic doesn't require any remote cont~ol action from the
GM C, with the following advantages:
• ' power avai.lability is not reduced by the presence of the communication network (required' if a,

..; ".,..-. '.'
';'
:,'~



"r~mote cOl1trol:hasto be p~rformed); . .:' :". ,...
.gistributed PV inverter are traditionplly autonomous devices; changing such a philosophy may

. have unexpected effects on the.behaviour of a proven technology; ... '
• . the GMC machine can be downsIzed, since no communication task is required;
•. eliminating the communication and remote control simplifies the software structure of the

qMC, thus increasing its availability and maintainability;
• lega.l troubles 'arising from the different properties of inverter (users) and grid (utility) are

avoided;.
• the global efficiency of the system is maximised.

Central Energy Suffer System (CESS)

The CEBS is made up of three n1cünelementsas shown in figure 2:
• a Two Way'Inverter <TWD, allowing bi-directional power flow

.• an Accumulator Battery (AB); providing the energy storage capability
• cf CE~S Control System (CeS), driving the TWI according to the

" monitorihg' the'whOle ap'paratus. '.
GM C strategies and

,'j ..:Th~CCS' drives theTWI'intWo differeht operating modes: current mode or voitage mode.'
,,: ".' . "/ ..

In"cu'rrent mode the TWIinjectsrealand reactive' power into the grid, by controlling the rms value"
and' fhe displacemEmt'factorof the current: The real and reactive power values are the inpur
signa!s for th,e CCS and are provided by th,e ß M~. In this operating mode, the CCS'use~'the'grid> '.
fre~~.~~~,~r,:.~;~',SynChronisethe~i~v,~~~~}': ~!...•.• '.:'.': " ,'. .•.•. :";" ," ".;J'. "':;'::!,:<c; "
"1'.:' ' . .1 ':." :::. ",,", ," '::' "".: :~"''' ' . ' ". '. f ~" ,'. _' ':'~'

'In'volta'ge'modethe TWLcontrols.'the' grid voltageoh.the connection node of the' CESS with the'"
,'~c:;:!;9rid.'! Therefore, the power flOw IS determined by the grid real and reactive powerdernänd; This is~::'

::: 'the typical operating "mode fo'r:"cl. LIps (U n':interrompiblePower Supply),' that's why' it's 'also..:' "."
:', refe!+ed;'to:as \\UPS'mode'i"in'this'.paper; Itmust be pointed out that in this operating mode the .' .•. '

CE'BS is' able to: generate' power' or- to" absorb power according to the' grid. 'requi rements~'This:!'
partiCular feature is crucial to the practical feasibility of phase IV of the project. ,When.the
voltage'mode is selected,the ~M C'sets the,voltage a.ndfrequency referen<;:eto, the CCS:' . ;.. ' ..

, I '.~,,+ ~

".
It 'has to be note(that,due to power electro'nics technology adopted, the CEBS performal)ce~ in',:
ter~s of frequency.and voltage control are better than those of t~aditiorial power generating, units.;

. !;"'Sucha'characteristic'isvery useful in order to improve the power quality of the grid.'(The CESS fs'
, locat~dih the' power plant, near the DG units, so their co-ordination is quite simple ..

. " '; :) ',,1,."

.Control strategies;i;., ': ... '.. ' "'.' ,;.... - "
" .. '.~, "" ' .~-,.<,.," ;....: '.... . '.... '. '" ','. ':, :.'. ",., ",'t.," '.' 1/::

This chapter QutlJne~..the:':col1'tr6J.strategi~swhich are implefTl~nted,to p.~rfprm .freql.lel1cY'cm~;
',1.1 '"" ..), , '," .' '.' ~ .:+' " " "'.'" ", .' ",.1 "', " , ~',. ' • ,i ", ' t ',':'~" . _, ' : ," "".

, vortage ';regu!,üion iri thetvarioussystem's' configurations (defined in' 4.1). The'variqus control.'.
, strat~gi ~s a~ep re~ented'in' the same 0 rder~ofthe prc,ject's ph~ses, so that it's easY'to i.ind~rstand'\
. how.tI1e,.GM9fu~Üi6ns.will'be 9radually i.nt~odJcedin a typical islanded system.: ".". '. " "

"
, .\,'

,,'

Conventional configuration (C),
r, :.

i..

In this ccmfigura,tion, the Di.eselGenerator is the main power contributor.

this.i~ the ~:>nly,configLiratio,npos~ible.aslong as the PVpenetration.inside the electrical system i~
low, but it's alsCl"very common in phase U of the project, since PV contrib\Jtion issolarisation

.de'pende't:1tand.the battery storage facilities is not yet available. Moreover, such configuration can,
. be':obtai~ed eve'nif ttie.proJect is in m'ore advanced phases, according'to GMG policy or due,-{o"



..
".

system'sfaul.ts: '
"

" '

". " ," .. ' ,,1 "
.,' .... ."... "

, , When the system is in C configuration, both frequenciand'voltage 'control are carried. out by the
DG as in any conventional electrical grid. , This is accomplished by the existent DG,regulators al~o,
when GM C system is installed and the C configuration is selected.

Diesel/PV configuration <DP}

This configuration is reached with the gradual penetration of PV inverters, when the PV power,
contribution approaches the instantaneous load demand (phase II).

In sucha'condition, it becomes impossible for DGs to manage grid master functions, ,unlessthe PV
generated power is somehow regulated or lowered, since DGs cannot run below their, minimun;t

,power rate (Pdmin). On the other-hand, they cannot be switched offall'together, because,a,system,
with only PV power contribution is unstable since no device performs frequencY control: " "

"

',The DP:configuration is very important since it represents the' very) first'technical,'obstacle for:a
largescale introquction of photovoltaicsintoislandedgrids, ' ," ,

:.'. \"'r' !<' ,... : ':. ", '.
I " .. ',f '. • _ .-

A major: feature of the presented technical approach is ~hat frequency and voltage .regul'ation are
car,ried out by the DGin almost the same, way of configuration G" just infroc1uSingsome minor ~
modification~ to the DG's speed regulator~ This is achievedt~al1ksto,the autonomous'control Logi~:

, of the .tolerant PV inverters developed for the project Jsee 4.2). The control strategy is based,on:
• .' • ~ " ". ,I

the fact that decentralised'inverters lower ,their generated power whenever the ,grId,freque,n.~~~\',.'
exceeds a specifi~d value (fH) for a given time, and that they come b~ck to M PPT mode when,the:,' .. ". , ',' ,freqI,Jencyreturns below a given value (fU for a defined time. "',.,, :"" 'i:,:,,~\:ii",

," ~ " '.' .:~ll,', •

. . . . '". .. .', ':::{~~~. .
• T~,~ss~r.e.that decent~al~sedPys,lowerthe,power,supplied,to thegridbefore the'D~,.reachesi~,~>" ,",

mll:lImUm re~1power. 1,Imit(PD!Y1IN),:a threshold level on the DG.'sthrottle actuator IS Introduce~:l,;i";; ,,'" ,.
. s~t_hat~he,following behaviour ~~lnj)eobtai~ed:, ' ~,'::,;, i ' ' ""J;i~'::-

., • • ,-,,":'. ,:.'!I.

Until the, PV power, ~,ontribution ,is,..lo\iV with ;respect to ..the instal1ta~eoys lo~d ,delTJ":nd,,DGs,
regulates the frequency as they usually do (SC charac~eristic in figure 3),. The sYstem is r~nni'ng in

'its Conventi.onaloperating mode, " " ' ,
. '. '. !. .... • \ ' • • .... ; ',' • i','- ", '. -. ; I.:,' • • ." ~

, " ". ~. ,.;:.. ' , ".' , •• ' ,- . • \ ,; " " • • I ; .. :. , '. .' • • • I'.,.", •

, ,As,PV,power'contribution' approaches instantaneous 'load demand; DG"s:speed,regulat<)r.gradualiy:
, ,. • ~. .. '. '" ,. " , , • , • J - -.i

, closes th,e Diesel throttle un.til the introduce'd threshoid is readied. ,DG's throttle is not closed
, C),nymQre,~.evenif the frequel1cy error' remains; The system enters' into DP mode anqany, f!Jrther-,

, " -. .-,.", ,". • .' -., ,. '.' ,. , '1" .,

, incre~se ,i,npy power inj~ciions!,or',a,:19~d"d~rnand\I.o~erin9,' make~ the OGa~geler~te~ and ,the,'
,'frequency rise(SDPcharac.teris~i.c'onfi~.ure:.3t,;". : '",
..".j .:.'..;~....",1" ': . ': ,~_r"'{ , ' • ';:i" ,,', ,'.. ,. ; :. :.:.1< . ~"... "::';;::.r ,c,;: .;:. ':'-1. '!, ,~ ." ,r.,~ .. -, ~, :. '}'~'; t", <" :. " _ ' ' ~t, j • ',I.'~ _' ,-,. '~',,,~". ..:; J' ", ,." '.;~ _ .: ,

, As frequency exceedsthe:valüe fHe,:'dece'ntr.alisedP\)inv~rters.leaves ,the rvi RPT mode and lower '
th~i'~'p'ö~~r inJectio'n int~ the.grid ,~i1tilth'e',freq'ue~~y'i~'sta'6I1ised,~ithin at:ceptabl~'val~e:s.-,"", ," "

• '" " ~ '. . '. ;.'. _ • ' ,.' - -. -. •• I , .. " • _' ;' " ,~', • ~ ,~ '.', •• .' ,.' '_' ;,., f .',1 • •

" \'

If the PV,power: becomes'l~werior'the'19ad d~mandincre'ases, th~"f~e'q~ency,goe's,below th~' valu~
. " . '," , . I. ",' • :.,,' , - : "

fL, and the PVinverters switch ,back to, M PPT mode'; the system re,turr;1sinto its ,Cq!1ventional
operating mo~e.

Diesel/PV/CEBS Inverter mo'deconfiguration<DPSn
~",

" \) -'. '. •. :. _ ,- • i: ,-', ... • ,

This cOl1figuration becomes possible with the introd,uction ofthe' Central Energy Buffer SYstemand ,',
the Grid Master.'Control sys'tem: TheGMC does not controf directly the PVinverters. Their effect

, 'J. . .'. • , ~' .• "h • ", '", '" '.'I t • • I'., '" • , , .' t'"

is indirect through the grid power balance.'" In the power~plant; b'oth DG arid 'CEBS have th~: '



capabi Ijty to p_erform frequency and voltage regulation. A control, strategy is implemented to co:'"
ordinate their operation andto satisfy the grid demand (PG and QG>' The DPBI configuration and

. its tOr:1trolstrategy'are shown:in figure 4 ~ndfable II. . "..,. ,~ \. .

'j ~

~he major feature of the control strategy 'defined for the project are the following:
• The DG runs at constant power rate, receiving the reference power value PD* from its

interface with the GM C
• the real power is balanced by the GMC through the CEBS, controlled in current mode; the

. GM C measures the power PG. (t) requested from the grid and drives the CE BS to inject the
p'ower value PI (t) = PG (t) - PD*

VQltage regulation is carried out by the DG's voltage regulator

The ,CEBS reactive power injection into the grid is proportional to its real power injection .through \
a constant value, K, set from the GM C

Ta~leIl- DPBI control strategy,
" . 11.:.

.~

't;, '" .':.

, "

: ... -;,.,

." QI (t). == k PI (t)
PD (t)'=PD*,

" ., ,
',.j

I:..

active power control-' frequency '~.,,:
regulation
fixed real/reactive power ratio
fixed power according, to'G M C system
strategies , ' " ,:'
reactive power control ~voltage '\ ,.;' "

"regulation
" ,. _.' ': ",' ,.~ • r,'

'This t~chniCal solution,:is. expected tobe very effective, in fact: . ",:');: "
•. CE,BS 'ability to'perform 'fast power regulation improves power quality in terms of frequency, <',

, <> ,": stabi Iity and power avai labi Iity;' -' \, .;;.;' .:', ;., :;'" " :-;'; '.I

• .'fjxe.d power'operationof:the:DG improves its energy efficiency with'fu~1 savingstobe'added,to~('
t~Q~e'due to'PV contribution;:,. . : . I

'. running the DG . at fixed' power rate brings considerable benefits in' terms of combüstion's:'
res!Jlts emission and noise reduction; . .

.' fixed power operation has positive effects on machines' life cycle and maintenance costs~, . '~'.. :;;'

:,.

-." ':"" .

. 1:'1.

D1ES E'L;PV/C EBS 'Rectifier mode configuration (D PB R) ,
, !.. " '", ...... I . .." '. . .' . j

;' Ih',DP:SR :configuration, the, CESS chargesthebatt~riesabsorbing power. fro'in the grid, yvhil~th.'e, .-'
, DGis'running'and'Becentralise~ PVs, inje'ct poWer into the grid. ' ".' .. ." ,:,',' .;", '\',

. .,' .' ," .,' '," ' - ,-i. ' ."' ' .'

. . . ,': ", ',I.. , ....> _,'. • • "t . '. ,

'OPBR 'configurati6n,p.~cepts both PQ$i~iveand negative value~ for PG (and QGL
,c?nfi'guration, 'di~t;j'buted :P'V,'invert~'rs,' are' not' involved' in GM C:' ,activities~

contribution is conside.redin PG andQG values. '
• ". -.' I '~ ' '.. - '.

.... :!. .

As,.for DPBI '
'Their R.0wer'~

i .

, "..... , . . ;, " '

The': c'oiitrol 'strategy;implemented when the sy?tem is inDPBR configuration is exactly the ~am-e
implemented for DBPI ,configuration. The only difference is in the direction of the power flow in"
the CEBS. Thus, the same benefits are expected. The chargi'ng power 'fed to batteries (i.~. the',
charging current> is modulated from the CEBS according to GMC control sign~is .. Table'III and
'figure,5summarise the DPBR configuration and its control strategy.'



".

'CEBS PR (t) = - IPG (t) - .PD.*] real power control - frequency, .,
regulation

(rectifier mode) QR (t) = kPR (ü' ., , fixed real/reactive power ratio
Diesel Generator' PD (t) ,= PD* ,imposed power according to GMC

systeni'strategies
QD (t) = QD (V) reactive 'power control - yoltage

regulation

PViCEBS Inverter Mode and PV/CEBS Rectifier Mode configurations (PBI / PBR)

Tt1eseconfigurations are reached from configuration 0 PBI/R when the DG ,is switched-pff (phase
IV). ',In such ci configuration/ theCEBS is the only device capable of grid master functions.

From the power plant point of view/ the whole grid is considered as a variable load/ .absorbing the
real power PG(t) and the reactive power QG(t).:The grid is su'pplieqthrough the inverte~ using the
energy stored: in batteries;, this is,th~ typical job ofa ,UPS.,,:This is'true'-l,lnlessthe' toti'll PY' ..

• _.- - • .'. . - • ,_ , _'~ - .' , " • •i, _ __" } . • ••

g~nerated power is .lower than the totaL load demand/'and the system is'iri the' 'PBI configuration. " '
, ' ,

When the PV'generated power exceedsthe total:loaddemand/ the power excess results in-a power
fl,:owfrom th~gri~ to the CEBS. This.is possible only if the battery State Of Cha'rge'(SaC) allow~:,
s~ch a power flow. 'Since the CEBS makes no'differente aboUt power flöw direction/,PBI and PBR'
confi~urati9ns can be considered tbgetherasone. ' '< ' . ". . . .: ~i}\(..'."

",1 •

• I~' • ' '{'At

'. .'0_",.... ~••.

":", ,'"

..:.' ,j',,~ .;.. • t' . _

Table IV anp VI' and figure 6 summarise the PBI and. PBR configurations and' their control
strategy.,' :',

. ~. \ .' '. :;"
'. '." .

,Major features of this control strategy are,the following:
• the GM C'switches the .CEßS to voltage mode when theDGis switched-off '
•. theCEBS/ cOntrol system drives the TWI/ imposing the voltage on the grid
• the voltage and frequency valu~s are sefby the GM C "

- 'I'

,Table Iv"'" PBF control strategy,' ". . -" ' .'., "',

PI (f):i= PG (tf

QI (t).=.QG (t).'
" ~. (' r. I' • . " . ~'',' .-1' I

r~al power b,t1cince ' .. ' " ' .:'
vo~tage/frequ_encyregulation '
reactive'power balanc'e. - ';"';i ;

',~ ,-',. " .:1,

CEBS

\ .... " ,

(Inverter mode)

Tabi.eV- PBR control strat~gy.' \)..:< "".;~~';.. ¥~ p'~' \ J'," :...... ~ .• :~ ':::.'-
'" '., ,

. ,." .):' .'

CEBS-

(Inverte r mode)

. PR (f)::; ~'PG(t) ;',". . .; .'re9-1-pow~r ,balancev6Itage/frequ~ncy, :
" , .~', -regulation

'QR (t) = QG (t), " " ,<rea~tive'powefbalance ..
" '

When the' PV' power capability exceeds the total loaddefnand/ a PV power excess occurs: The
excee~ing power is used to charge the CEBS/sbatteries/ provided that the batteries sac is below
its maximum acceptable value (to avoid batteries damage)/ ahd that the power excess is within the
TWI rate9 power. Whenever one.of thes~.conclitions is missing/ the PV generated power must be'

. reduced.' This is achieved drivingthe:CEBS to increase the grid frequency/ so that distributed PV
inverters reduce theirpowercontribütion. ThEdrequency value is~set by the GMC according' to its
kn~wredge of the system status.,:. "



.~
r ~ ,-

Fuzzy Grid Master Control
., ,<'

The name' \'G.rid Master Controll/'indicates the set of devices,logic; information managemerlt,
strat~giesand control activities, required to manage the electrical, system. The GM C decides the
aC,tionsto be taken according to the objectives to' be reached and the knowledge about the .system

.and its requirements. The GM C manages different kinds of information, with different time,
frames, summarised in the following list:
Resources;, system's elements availability COG units, CEBS power' and energy, PV
contri buti on).
Short term objectives; power quality (power availability, frequency and voltage regulation).
Operating/technical limits; min and max power limits of DGs and TWI, frequency and voltage
operating ranges of grid connected devices, max and min batteries state of charge etc.

. Mi d-term objectives; ., <;ostssaiJi ng (fuel saving, maintenance reduction) and environmental
ber;1efits(noise.and pollution red,uction).

,',,';". • ,f"

. .. ,,' O~~.tb.eb~sis'ofsuchJ~len:,ents,theGMC~as tpcarry outthefollowing majordecision tasks:. '.. '.,'
_ •. 'sYSter:n's'c~l)figurati.on management (e.g. ON/OFF switching of Diesel units, CEB.S operati.ng :

~. , . n1.b<:le,selection,'~tc'>~,.,."., ,'. '."." ,L . ' .:: ':,':" ' " " " •.,:

• ..control strategies mariagemenUe:g. PD* assignment); _
• " charging methods management (e.g. refresh charge of battery string, etc.>.

r" .

'I:;'." ...

'. ' ....,.: ',. ,,":,<!:''':;,..,;.f

. The technical ~olution outlined for the implementation of the ,G1\11 C is based'9n"the' use,:of.a fuzzy',
~~-"'< IO$if'since'the,environ'ment seem.to.be'p~oper:Jor such an.appl ic:ation:.,. ,e '. . '.", .,',.

.''; ,"1''- >.: ~ tbesy~terrj to be controlled is subject,to, an evolution process in .terms of.capacities 'of its.,,! '.
. 'c;l:>.rnpo~ents,:.ändsuch,anevolutio~ 'affects control strategies;, . .' ": "'" .. ' "

iL ' •. >:cpntrolvariables (f, V, SOC,'PCPD*etdare continuous,. and the range of their values 'is.
subject to interpretationdepending,on the~ctual operating conditions; this implies\that, it's not..
e~sy~ndeyen not effectiye to d~fineJixed tripping thresholds, n.ke in c~~ventional; control; . ":".' '. ,> ,

•.. conrigüra1:ionchanges:havetobe 'decided:according, to uncertain information'an'd pari:l'meters:','" i.',;.':

:(P,V power availabi lity and load demand forecasts, state, of charge calculation, etc:?; such:,
pararnet~rs might better be represented wit~ linguistic variables <like \\mediuml/, \\highl/, .
~.~,very.highl/etc,) then with numerical variables;. , ..,

.i .. a mathematiccil, rnodel for', .the purpose does notexist, and it might resu,lt very difficult ,.tq; .
:"develop:orhandie, siri'ce it would be subject to many chang~.saccording to' experiencesgain~d "

. I .;. ciuring pilot pLant'te,sfs... . ., ": .' ' . . ( . .' .... ~':',;,:',. : .

, ,
."

..~..: ,.

. P"fuz~y !ogicappr0'1-~~fits'po,inttopoint all the needsjust mentioned/since:,' : ." :,' .~ ,.: .'
.•~..,:;itOis.possibleto..~everqpa coh'irol s.trategy for ?ny system:'confJgurati.on,'switching 'among them '.'

""1 accor(iing.tothe;:system'.s requiremen1fi.. " ,
• .f~zzy' logic. allow's te) interpret continuous variables between the values. true/false Qf Boolean ". -.:'

" ' # '," ., • • ~ _ J " ., 1.... ' ..... '. !

'. i logic,'thal1k~.to,the membership function concept; . '. ' .,', . .

.'fuzzysets are,extremelysuit~ble for' represe~ting linguistic variables, and, the degree of'
membership witha,fuzzy ~et,brings. information, about the va.luetrustworthiness; . ;::.. ) : ",,:I. 'fuzzy 'control lers are made up of rules describing the actions to betaken on each combination'
of controlväriables;this results in a friendly controller development processand is particularly I., . . - .
useful to transläte in '.a control logic the experience gained during the plant operation.

DG power,set-poinfassignment

. 'The assignment of the real power set-point value to'the DG is' one of the major task. to ,be
.. perfcir':l1ed by, the l;lMC when the system is running in DPBI or DPBR configuration <Diesel..

".



..
G:en~ratQr>and. CESS" c;of')nectej:itp~Jhegriä) .. Altho'ugh not ,a time c~iticäl,task, the PD* .
assignment, ta~kis import~ht' in 'order to' gain 'the expected benefits, from'the.;proje~t'
impler;nentcitions. This is true .for the. cost saving issues, theenvi,ronmentalissues and the power'
quality issues aswell. In fact, the PD*assignment task affects the fuelcorisumption'of the DG and
the-management of the CESS 'energy storage cap~bility. On.the other side, it affects the power'
flow in the CESS, which has'to be kep't within its operating limits; thus.having'some 'responsibility'
on grid ,stability. Therefore, the assignment' of the DG power set-point value (PD*) involves
variables that are different in terms of their nature and importance, and requires actions with:
different characteristics, as it's shown in table VI.

The possibility of a configuration change is considered in the field"kind of action", since it could
be an output of the controller. However, only the DPSIconfiguration is considered in the example'
reported in this paper.

From table VI the following input variables to the fuzzy controller are.defined: .
act DG pow; is the actual value of PD* assigned to the DG;
ac(I NVERTER_pow; 'istheactual value of tbe power s!Jpplied from th~ CESS: to;the grid;.,
sac..en:or; ,thi,s ,variable blends together the, last. three variaples.of table 8 .and'.is 'due to the
foÜowing~rieed: for,the6ptim.u~' u~age<()f CEBSfaci Iities,. informatiori'aboutbattery. 'SOq'.'mustbe
evaluated as referred to many parameters, like the time oftneday"the load demand and thePV

.contribui(on expected in the mid/short,term. ,In fact, the same value of sac (e.ci 50%), 'is good or,
even high ,if 'the system is going to perform a charging <:yclej but it's, low if the CESS.has to
perform a discharge cycle .. Therefo're, SO:C ~rror is defined as follows:' .. . >'" '. :::", .:: :.:1.,

: .! • --

S.',0"c' 0/ - l'00 (act_SaC) - (des_SaC) . ;',,': '0:-' .'" . 'J~~~r.4':"":error /0 -' " . ,. ':-;;., . des_SaC" " . . ,.:.:r~'-
, • _'," .' _' ", '. , • , - .' j' ,J;,~'~"l'~"'" '.

where des sac is the desired state of charge for that moment, and act 'sac is the 'actual,.stateoF''-''
charge of the batteries. .." ". " . . -:-, ,'. ....,. " .j\i; ..
"',~.'.' .~:: . i ;f:;!;~:

.... ;,. ,,'

Table VI" Variable~ used in PD* assignment
q, '.} ',- , •• ' .~' '.

~ I, ," t. : ~~f1.~',;::'.:.,~:,':.
'.t"

OJ... 1.' ,'~ ;. .
lWl'" "

\' ..", ..,(

C,ESS sche~~ling ..
according to daily load
profile and avoid unsaf~
operating co'nditio'ns ... ,

'target ::

.. ' ... :
medium
slow

reactio'n

/'-,'

',' .~. ,

, ,, . ~.,

IqW/
medium
low, ...

functiona
I
economic
at,,' '

nature

" ../ ' .

load demal)d
forecast "

batte ri l;!i'state:of.
charg~ (SOC>,

v~riable .
., "

. actual value of DGtecliriical fTIedium 1':" fast.
gen'~rate(Lp~\lVer: .. ec;:onorriic high "" " '. slow.,
(orildu~Ü PD'" . al :'}'medi:um/ /..• ":>'

'v~lue)' low

'kind of
action'
chang~" to r~n:th.eDG,.with high
PD*yalue efficiency, according to
and/or ,'.' öthe~ 'needs and'" . ) .,
conffguratiavöiding ove'rloador'
on minimum power limit

. actual.yalue: 6fthe:' techniS,al'. high'" ' ..-,. very'fast ~ha~ge' ~",.toruri, the, C,ES~withfn. ,
power~",' '.' ",'. . ,'functiona r:nedjurn/hig'med!um/fa ,PD*:.va:lue' its o'per.ating.lir:n,itsa:rid' '

.. ~u~pjie'd/~bsO'rbe(fbY'I: ,; rj,,: h-:::~:,." '~'~Jst.:; ... ärid/qr. ... ';;.' ~ssuri'rig a<;le'qu'ate"':' ',,:, . "

• the.;~E~r\ ',,:', ": .." ,..'~()nf!~!-,r~ii. i;af~tYrr,arg\n~:';,<'-:' ."... : ..
. ',on '~. , .

technicai .. hrgf( ... ,.; 'medium' ' .....~hänge .'." to :schedul~'adequate
etonomic m,ediumj:"slbw: . ,', PD*' ~alue' ',~harge reserve, ~hi:r

"i 'al'" fow. : and/or '. avoid overcharge'

': cd~fi?ura:ti. ",
on'
change
PD* value
and/or.
co~figurati
on '.:



, '>

,

ava'ilable PV:po\Ner'" fui:lC:tiona mean/high ' . medium/51 chänge ' , batteries schedulirigto"i
forecast' I "

.,
low' ow PD* value avoid PV energy wastes

co economic and/or ' and unsafe operating'
ar configurati conditions

,
on -

, I

The only output variable 'discussedin this paper is the variation assigned to the DG power set-point
value: DG_set_change.

Figure 7 shows the'fuzzy sets and the inference rules (with associated rule weights) defining the
fuzzy controller for, the PD* assignment task; power values are expressed in percent of devices
r~t~d power, while th'e SaC~error is expressedas a relative error.

, Summq.rising the inference rules set:-
.0 act_iNVERTER_pow hig)1erthan "normal" results inPD* increases in order toavoid overload

risks for'the TWi; since this issue concerns the system stability, the weight of these rules is
: high."i; ,,' " , ,'!

.' 'ac;ilN\lERTE,R pow lower than "normal II results in PD* decreases in ordertoavoi~frequen(:
;~' oscTIlatlohs"hetWeenthe'DPBi arid the DPBR configuration; since {his issuedoesn't'concern th~:','
!",: system stability;' theweight oftheserules is low.' "." ", "

• "act_DG~pow higher or lower than "normalll results in pb* changes in the direCtiontha't'dr'ivä'
" ,',' ' to 'a "normaillvalue (where s!Jchvalues set is centred near the maximum efficiency power, rate '

, J'.:';:of~the OG);'this issue'conc'erns';botheconomical and technical 'consjderations,' thus: the 'rule::,
, .,;,',:~r~~;wel.ghtS\ifr~'qiJfte'hrgh:~:';'~".;':,. , ..-..~....,,:. ;. u:" .,",.' .," , . ',':,,~. . '''~'1{

,.,i';'po~ifive'SÖC)rror' results' in"PD'~'decreaseswhile negati~e SaC_e'rror resultsin'pb* iilcr~as~~~,
in; order,' to manage'thebatteries: according to the energy storage policy; rsince this, issue./< "
concerns mainly economical ite'ms, the weight of these rules is medium, increasing for'very~: ;: . "

, 'large errors."" .- -, , , " , "
~.;,. d', ~;~:i>";:t\;:.t' .«~, ',~ ';. 1: • " ';.' .' •

The'~'Ode'l is'implemehtedwithlhe Matlab FuzzyToolbox. Figure8 to 10shoW'th~ rules firedfdr'/"", , . ;'
!hree different combinations of the input variables.

\N'hen:the 'systern is running near optimum condition, the DG is running 'at a good efficiency power,
rate, the CEBSisfeeding power to the grid wi~hin good safety margins 'and the battery SOC error

,i~'nearzero <fjg~re8). In-'such,conditiol1s, the output variable value is'\\keep/, Le.ho ciiangesare, "
,,' requiredto theDG,powerset-point.

• ' ..' :.~,.. i . • ~.• ' ',' ",;.' . '

", :, If,~,loadchä.nge now c~4s~stheCEBS to supply.,~n"high"power value, the,rule number4"is ~ire~' ...
".'<figUre '9),the'output'of 'the c6ritroiler becomes "keep" + ,"ihcrease'lightly", and, the ,,'

, defuzzyfication 'algorithm returns a posi'tive val~~ (about +5%'>, to increase the DG'power set point:, .,'
:and gai~'system/s:sKfety." , ' , . , '. ' ',' ':

',"

'F[gurei.oshow~ an input variables; combination .in whic'h differentneeds :are evaluated b}' the",: ;,
controlle'r; while DG,effiCiency would require an increase in DG power :set-po,int,the large posi~ive ' (',
SaC error require~aPD""'~eduction to allow th~ cEBs to discharge the b'aÜe'ries.' ,:,'" ,

The controller behavio!Jr is fLii1:hershownwith the control surfaces displayed in' figure 11 to 14.,

Figure i1 arid 12' display DG_set_change vs. act_iNVERTER_pow and' SaC_error for' two
qiffenint values of act_DG~pow. Both figure 11 and figure 12 show that the po~er supplied by the,
CESS has minor effects on the set-poin,t value unless safety margins are approached. an the other'

, hand, SaC_error h,~sgreater effects when the CEBSis within suchsafety margins. Figure ~2'(
, .' I ' , '



.'.
, shoW~'high~r:,vaiues,for' PG 'set, ch.a:rigeslrice',;ihe' low~r: actual' b;,G.:.power'r.ite.~equires~,PD ~.'
'increa.~efor. DG efficiency. Such 'beh~viour ise~e.n more evident ;inthe hext: figure 13, whIch is.
referred töa loyvervalue for act-.:DG_pow. ..'.'

Figure 14 displays the control surface obtained for DG_set_change vs. acLDG_pow and
act_INVERTER_pow wheh the SaC_error is equal to zero. The output value is mainly affected
from DG efficiency needs, unless the CE.BSapproaches the safety margins.

Using fuzzy logic and a very simple model, we managed to achieve some encouraging results for.
the DG power set-point assignment task. Better resultscan be achieved with further investigations.
anq experience. With the same methodology,.other ta~ks ofthe GM C should be de$igned, in order
to perform the whole configuration management.

Conclusions

The paper presents the criteria that drive the project of a Grid Master Controlsystem •.for an hybrid
system for small-medium size islanded power systems. The basic idea of thedesigr;1'is ',~ot to.
centralise the control of the ,distributed PVi.mierters,in order to'n~duce costs"and, to':,i.ricrease.
systern'sirTlpÜcityand reliability'.' .S.ucha non:to,~vention~1solution requiressome.sp~ciaf'contr(jl .

. .attionsthat are described in the paper. The strategic c'ontrol is performed by a. fUzzy controller
that seemsto manage properly the variable systernstructure and heuristic behaviour. ;~ .., .. "

-,;.~ ". J ,', , "' •• -;. • • • ,." ".

The Gr,id Master Controland.all'the other devices necessary'to create a.stable'hybrid system ,are
no~ under.test in the CRES Laboratory, in'Greece,' before instciliing them i'n asmall)slaJld ..of:.the,;
:Medi.terranean See. . £.: ....

• • "'. ~•• :" 'l',' ,

,,' " • l '" • • .;'~,~~t~~~:.:.".,~.:.''':..'-"
Ä:UÜlor-short biography . . OJ'.',.;' .'..

,P .. :Pinceti, PhD, works: at the University of. GenoaOtaly), where he teaches. Industrial.' .
Measurements and Control at the Electrical Engineering Dept. H is researchactivitie~ are'focused', ,:. :. ,',

',ondigital control systems based on fieldb~s technology. Paolo is theadvisor'ofthe'ISA~:Student:. , . ;.: . '. ,
. Se'ctioh"~f Genoa.Universitysince 1998. . ",., '. . .,,' ,', .... ;,' ,H.:. '.," ':' ~ :....

, ' . '. ,- . 1, ".

': .......:

> ,"".

. , '.' . 7 ,,~.: .., ',' . ,
.,/. "',:"

• ,'. I,.'

'.

. ,

:,
" '.,( .' .

.<

1 ",'

I',

.. :.

'.~ ~.

" .': ... '~'. . ". '. " ,
, j,("

" .. ~,. . '

'> :; ,

.' ~'" ",

.,'Of



'. ,

,.
"

99

t.

, ,

, "

G~ID MASTER CONTROL TECHNICAL SPECIFICATION'

INDEX'

1. SCOPE86
2. 'FOREWORDS 86
3. ÖBJ ECTIVES 86
4. GENERAL CONSIDERATIONS ABOUT DISTRIBUTED PV CONTROL
5. SYSTEM ANALYSIS 88
5.1. System evolution 88
5.2. System configurations 89
5.3. System's components 90
5.3.1. D,ieselGenerator <DG) 90
53.2. Distributed PhotoVoltaics array (PV) 91
5.3.3. Central Energy Buffer System (CEBS) 91
5.3.4. Grid Master Control (GMC) 93
6., .G'rid Master stra~egies 95~,
6.1. ,'. Conventional (C) configura.ti'Oh'95 .'
6.1.L D~scrlption 95
6.1.2 .. Implementation95
6.2. Diesel/PV <DP)configuration ,95
6.2.1. Description95
6.2.2. Implementation95
6~2.3. Nqtes 96

,6.3. Diesel/PV/CESS Inverter mode <DPBI) configuration .91
6.3;1. ,"Description 97
6.3~2. Implementation. 98,
6:4. ,DIES EL/PV/C.EBSRectifier mode <pPBRD confi~uration
6.4.1. 'Description ,99
6.4.2. Iinplementation99,
6.5. PV/CEBS Inverter Mod~~(P~D configuration 101
6..5.1. Description 10i ,
6.5.2. ImplementatioOlOl , ~'".', , ' "

, 6.9. PV/CEBS Rectifiermod~(Pß~) confi~Uration 102,
6.6'.1.': Description ',102'" ., .. ' ..
6.6:2. Implementationl03. .' . ' ,r, ,"":FuzzYGrid MasterControl, :: ,'10,5
1.1 ..' , DG power set-pointassignmenf1.05 .

. ' 7:1';1.:.Vari'ables identification: .' 105 .
, 7.1':'2: . V~riables.fuzzy vaiu~~ (m.efnb'e'rshipfuncti~lis.definition) . : 107
7,.i.3., Inference rules definition' ,: :""108' ',.' ::.... ,,:,', ; "

J. ,._.' " :.:'J.. -"'. '.:--'",. -." .'. ';' ~}" ,:,;.~.. . ' ." • , :. ••.•. ;', 'J. :" I

'7.:r.4:'~ 9bntroller behaviolir.,". 109'\" :.\ . ;1,: ..

7.1.5. ,Conclusions 113 .

:., .

. ~, ..,

87

".! . .'

I",.' ;

"
:.~,~,"

..
~..

'.J •

"

, ,



. d'l'

... ~/' ...
SCOPE

The aim of this d9cument is to describe the .Grid Master Control (GMC) main requirements and'
characteristics. This discussion is not exhaustive and is mainly focused on the control logics. and
the interactions between the GMC, the Diesel Generator (DG) and the Central: Energy Buffer
System (CEBS) tobe developed. The control performances of Tolerant Inverters (Tl) for the
distributed PhotoVoltaics (PV) arrays are specified as well.

FOREWORDS

The Grid Master, Control (GMC) strategies are specifiedto solve the following problems:
• Frequency and voltage regulation;
• Interaction between Central Energy Buffer System (CEBS), Diesel Generator (DG) and

distributed Photo\loltaics generating units (PV);
• Daily operating modes policy;

'. Alarms and emergency management;
" . . .' ~Iack~start procedure'

, .

Within'each' of. these points, main problems are' pointed out and possible solutions~.have to be,.
.suggested.'

, ~ . I

OBJECTIVES

The Gr'id Mast~r Control' gdal' is to'~chieve the following improvements for the 'typical"islanded" ,','
, , ; ,ßy'~~ems;',; ,,' .. ' '; , "

'. powe'r qual ity; . ,
• Power availapility; the. GMC is expected to bring considerable improvements in 'terms' ot

stability of the local utiJity.grid; reducing faults disturbances due to small isolated systems~'1
intrinsic weakness.' '::; ,

. '. • Frequency regulation; to fl!lIy satisfy standards' requirements for frequency range in no'n-,
'interconnected electrical systems, like those of the small islands involved in this project, grid'

.' frequency must be kept witbin rated frequency :t 2% over 95% of a week, and rated frequency:
- .,:t 15% over100% of a week [2], Thetärget is to reach better resul~ with a narrow frequency

.. deviation .
• . Voltage regulation; accor:ding to international standards [?J, the ~ystem voltage'. in norm~1

,,;.operatingconditions, must,be kept withi!1VR:t 10%, where VR is the systel']1ratedyoltage. ::'!"
:'.;'(,:. ,:'~".Co'sts sayirlgs;. .." , . ' . ' .i' '.,'"" ,,' " •

..:,. F~~Isav,ings;äp'p'r,opri~\tecldesign of th~ GM C and its strategies ihould I~ad to. diesel fuel
..;/,":saVlngs',:, -',": ;." ',':" ",

.' :.-,""Mainte!1aric~~nd machinery Iife cycle; ,the GM C implementation will ,poshively affect ..the
" ' , . rotating'generatihg units ,availability and will reduce the mainten~nce costs., This theme, \('IiIIi.

;',' '.' 't. . .",' . .:.,,, .. _' .'i . . ,.

. gegiven-cori~iderab'le importance. ' .' , .
,:. :, Environmental issuesreturns; ; ;
'.Air~mission reduCtion; " . ,

• Noise redu.ction

The transformation 'of existing conventional grids into hybrid grids to will be gradual. Therefore,
great importance is given to technical solution which guarantee easiness, adaptability and low,

" impact over existing systems.
,', '

..

. . ~..

..
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I
I
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GEN.ERALCONSIDERATIONS,ABOUTDISTRIBUTED PV,CONTR0.L .. - . . ~-' . .", - . \ - . - ., .

Distributed PVs will be networked by mean of an' effective communication link, should it be
obtained through a fieldbus or t~rough'power.lil1~s.

Communication facilities between distributed PVs and the,~entral contt:ol system bringsome usefu.1
capabilities that can be grouped into twosets.according to;communication topics and targets:

Table A - Communication capabilities

. description communication topics targets:

I," ,. .. ,~

. .'\' ..

. .::!.:'{%.::::, .

. I,'

- I, • • • " '.f,~ t' ,:~.:" :, ,~...

on/off switching of remote PVpower quality p'~rpose~: •
Inverters se~ondary control ' .. !., ,:~_'''.::'

PV power modulation "",':W_ .
" 1 • ':':J\~t.;~

" ,,' .

instantaneous loads demand" system's statistics
PVs power contribution. purposes. . . I

number of' distributed 'PVsshort term' and medium
conl'1ect~dto the.grid t~.rm plannii:i9.p,yrp~ses.

.... :\ "","

capabilities related t9. a
control action of the central
control system over the
distributed PVs.

C
O.
N.
T
R
O.
L'''

I: . capabilities related to. tj1e
N knowledge. of the electrical
F system's status (total
o generated power,. . PV
R. g'enerateqp~wer, number "of
M . PVs connected ~othe grid).
A
T .:
I
Ö
N

, .....

,";' "

. ;. .••.. '. "'. '. . ' .. ,. " •.. j' '''''' '. .;'".' .••• - ,..,";'. ..•• ..' ."

.Even if the distributed PV is. networked, we d~ehi,that the central. functiorof the' GM C,. which',
ensure the electricity .availa~i1.itY"t6 users, shoulq not depend.on the 'comrnunil;ation chann~ls..
S.ucha decision has its major justifica,tions in the following.points: ...,..' .-,', . ' :

'e '.• ' ;.;ipow~r'availability.'mustn-ot)e reduced bythe'pre.se'nGEfof~a~omrriLJnicati9hne~0r"k :,:.:\:>,~,~.
.'distriöuted PV inverter are basically aut9nomous devices; changing su~h p~i1osophY,may'haye'

'unexp~cted effects9n the behaviour o(aprover technology:, .;:: .... ;, ::t.: . :.. :.. :' .. '
", -; ',' •• " •• • • ",- I" '. '; "',' I . 'j" '. , ..'

.,' ....a:control action:of the ,central cOJltrolsystemover a' grei;lt number of decentraliseq, inve~ter~
can overload it's operation: . ' , '

.any additional elementor func~ioninvolved in the grid master controll'epresents a"possible
fa\Jlt source for the system; , - ..,

•. by now, it's not clear whether distributed PVs will be property of the electric power company'
or customers' property; depending on local laws, a cqntrolaction of the electric power
company over customers' generating units could be dealt in different ways .

• all the available renewable energ'y should be'used; thus all PV inverters should run always in.
Maximum Power Point mode, and 'any control action maki'ng them run i~ different conditions

.should ,beavoided as long as possible '

',r'

~.'

~
I
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,
Th~ref9re we specify hereaJ~chnical soll,ltion which doesn't involve any control acHon of the GM C
overthedistributed PV inverters. '

As explained in the following chapters, the proposed control strategies maximise the solar energy
production and the overall efficiency. The system can guarantee satisfactory performances with no
need of communication, since all the PV inverters are equipped with an autonomous control logic
thci,t leads to a globally co-ordinated behaviour. Communication will be used for voltage and
frequency secondary control, that is to improve the power quality, not to ensure an acceptable
power supply to users.

SYSTEM ANALYSIS

The follow!ng points must be considered in the design of the GM C:
• we have do deal wi,t~ systems that are expected to evolve from traditional diesel supplied

generation sy,stems,through hybrid diesel/photovoltaics ones, and possibly to PV/baUery only
• ,. during this evolution, many actors will work together in the system; some of them will be

"present sincethe very first step of the project implementation, while some others will be added
: ' ,later !.

, "

• , through the whole evolution oUhe system, theGMC will have to meet the obj~ctives listed ln4.'
i, '. I •. " . .

The GMC strategies and control logics must be adapted to the various Phasesas described in the, )
next chapters:' ';"

•. ' 'I

• t,

, Systel:n,evolütion, ' ::.') .' , '.

The PV penetration wi II be,reached in 4 phases:

'/

,! Phase"l:"
~ '.:,. ,

.;f ',' Pnase:lk'
, ".,,', ",.'

PhaseJII:

,\,"

'Ph~se'IV:"

The PV penetrati.ön'js, low. The qiesel' generator is the only actor and pV's power'
;contribution jUst re~LJcesfue"costs'.; : ',C,

, Due to' increasing PV "penetration,' PV's generated power;.a:pproaches,: änd,;
sometimesexceeds, the load demand. The CESS is riot yet in~talled. For mQst'of, '
the time, the diesel generator is the only actor or the main contributor. However, in,

,, 'some midc!ay'hours we have to deal with two power contributors needing some'
coordination aCtion. ,_, '

'With' further ~jrowing of PV contribution,' to' cwoid economic, losses due to, PV's.
,energy waste al'Jdto stabilise ~hesystem.operation, a Ce[1tral Energy Suffer System
, (CESS) will be inst~lled, allowing to absorb 'ex'ceeding powerfrorTt the gridan~, to ,
; r.eturn it wh~nconyenient. In this phase'we'll haVe to deal with threec!iffer~nt' , , .'
"g~[.Ier.atiorientities (di~tHbuted,P.Vs, diesel generata,randlC~SS), andone:'oftfierrr '

, <wi'll ,be ah'e,lo'ru.n'e,ith~r'feedlng' power to the grid or absorbing: power fOr'n,"the::
grid."';.' , "'" " ,,' '" , ,'. " ~.' '

,With afurther iricrea,sejnPV and CESS, capacities, 'the CEBS'will be:a:bleto .
,diver :the"'elitire j.oa(f\de~~nd; .a:llowing,to' temporarily switch. off :the dies'el::
generator. Finally, it will be possible to run the system using only the CESS and
distribute'~ 'pV's gen~rators" while the DG should be: ,used in: extra~ordinary'
situations or high toad seasons.

I ~.

:;;.: .,
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" ,PHASEII '

, '

,

DIESEL
~

,
PHASE IV;

PHASE I

, ,
,'_ -" to

power
plant

CEBS

• •

.. , PHASE III

Figure A - System's evolution

System configurations ". t ..• ','

Inthe t~ble below, the vari~us system'?configura~ions an~ summarised., , ••. I I .... : 1', i~J?~'.~~..' .

Table B - System's config!J'ratiolls

" DG

Phase' ON
I'":',"," :,\ '

distr.PV,
contr.
low

CEBS , Conf. name
inverter/Rectifie'r '(abbrJ,
X X CONVENTIONAL

(er'

comments ,'G M,C /.;' .~.
..~~r,::'~:,;i

t i.

:not' ,','::"
" ~~":.,.

require'
d' . \.-<"

I. ,',

i :
"

J

ON high OW X ",--."

Phase "
,

"

.1,,- :." "
.,

- :~,
"~

III I ON, high X ON

OFF high

OFF high

" ,
, "

requi re
d

• '.I.

, ',\,

Frequency and v()ltage
reg,ulation have to'be
considered'

Battery charging' , '
methods have to be
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"N()tes; .,. . '
It fQreacb. Project Phase, only 'configurations different frol11those listed in previous phases are

considered (i.e. w~,.pon't 5h00 the configuration corresponding to 10wPV contribution in Rhase
II' related configlJrations,et~:) . . "

.each, project ph~se' includes all the system's configuration related to the previous phase,
although not listed according'to the previous statement (e.g: a CESS unavail~bilityin phase
Illwould lead to the same configurations listed for phase II) ,

• in the \\GMC" field we pointed out whether the Grid M,aster Control' is requi red or not to
guarantee the power supply

, System's componEmts

The islanded power system is made b~(
• loads,
.,' Diesel Generator(s) (DG)
• distributed PhotoVoltaicsarrays (PVs)
• Central Energy Buffer System (CESS)

\, <

• Grid Maste'r;ControJ (GMC),,; "
, /,-,-,-.;".,>,'. >

" ~.:-'., ,-";'.

. .

Diesel Generator (DG) , , ~.:'

'\~:

Feat4res: .i.,' .~ ,~

• , • > I.. .. " .

'!he'qG"delivers','reaVand ,reactivepower,tci,the grid; 'and is.commonly used.taKing .inii:Cha~gef"
frequency and voltage regulation fundi oris in conventional configurations. ,Technital Iimita.,tions",
'incruderf1aXiirium'total.:-'powe~(SDMAX>/fnihr:mum'realpower (PDMIN) etc.' Its tnain purpose';iri"
'phaseS'II' anc~III is,to'cover thei}Jidest part of the dai Iy load demand. ' " , ' .

..:_'\

oeti~4rnusagf
.' ,"'.'"

. . ~'.J ~. '.

1;\. .....

, '-.

The' Pß is,loca~~~:in,the p,ow~rplant andJs ac;:cessibleonly to' authorlsed personnel. Whenever
~,',' ,'~~',I: _.'~~:" ': """ ' ',' ''', ,~':",-,"~ '" '

possibl,e;we'll ,run the' DGwith constant real power. '
-,' ". - .. .\;- , ",' " '..', ,,' .. ;,: -, -, "....

:t.,',

DG:'opÜrnumusag'ewould be to rUn only at a constant power rate, corresponding to, its ma~imum;
.• efficiency power rate., Load-folloJ.ting due tofrequencyregulatic>n causesl:1igherfueh:onsumption,., .
'hi9herpollution:andr:ll:iise emissions, and' has negative effects on the'machine life cycle and
.maintenaric'e -costs-;:, ': ' ,f

",",', - ~.{,s. .~.',~i';' Je:.> ' -.' ' ..... -<.: ,;f ••

,',','1" ,J
~ 'I, __ ,';' .,',",' ..... ,

, Gl'iarDas.t~rfuridi()ns:~;.:;' .,

'. "'.'Th~'ib'G',,iS;C0n1rri()rrl~,)Gse4a!i,~,gl'ld.mast~r~evi c~~" Its dynamic behaviQ~~in terms/of reaFp.ower
.....',"!reg~lia~io!1js:;m~jnli~"aff~ct6dQ¥»he', el~g1:rQ-mech'aniCal: nature:'ofthep'ower eonv~rsion .pi-bce,5s.'
. '-:,,-:~~'r.~fd~~~:h~!Jr~glJEm~X':Eeg'lJlation .peria rh1ancy~~re conditi oned by',its'methani cal';cnClra~t~risti cs~;.,"
,./.A.n;~pite<ofihis,-:i;D~('klib,ws';effec:tiV,eyoltCl,g:eregü'lation'functiQi1s;'aridre~ctjve. pow~r fluctuations,.,.,d~il~f~~~e'C~".~fs)~~:rf9,k~~~ce,si~'::;''...;' '.'" ":',,' ;y <, ." .' ',', ", .

,',:","
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Distributed PhotoVoltaics arrayJPV)

FeatLires.'
. .

Distributed PVs deliver real power to the grid according to solar energy availability, with a power
factor very close to the unit value: Their power contribution is somehow predictable (like vyeather
forecast), but not dispatchable: This means that we could have an idea of the amount of power'
available from PV arrays, but we cannot decide to generate a defined amount of PV power at a
given hour and for a given time.

PV inverters are designed to run in Maximur)1 Power Point (M PP) mode, taking'the grfdfrequency
as their common reference to control the inverter. This means th?lt, .in each moment, they usually
inject, the higher power they can, on an ~nergised grid. Technical limitations include maximum and

. minimum frequency and voltage limits.

Optimum usage.

To maximise the energy efficie'1c~ ofPVs,inverters, they should run in M PP mode; ,> .
( ,

About grid master functions. . :,r'

Distributed PVs cannot- b~ used .as grid~master devices, because they take the voltage frequency
from the grid to synchronise themselves. This implies that they are not able to maintain the
voltage frequency by themselves., Mo'reover, they haven't.a r~active powe'j-regul.a~ion.';Ä~~'!I?pite';of;',
th.is;'a real,power control does exist,' and it could be us'edfor frequency regulati,on purpo~~s.1.vv.:hen,a
grid master device is imposingthe frequency on the grid. . . :.,::::.:>?#,{..::

, • ' :':,' '.... . , , ._~' • -""', ,<:,i. . •

, '" ~" ,.; ...
Location.

" .'. .

Typically, they are' rooftop devices located in customers p~operty. They are supposed,to be'spread"
over' the whole electrical system. Whenever possible, we'll avoid any kind of, ceritralise~ 'control
over distributed PVs; .' . ' " " ,',' " ", '.. ,

• I,' ..

.. ~" - ,

....

", '.,::

Central 'Energy Buffer System,(CEBS>"

, :

. .
"' ','

. '.' The detailed description of th~ qentralEnergy Buffer Systemto'be ~eyeloped by AN~T'i~ a~ailabie';
In [3]. The CEBS will bemade up ofthree: mains elements: . . .

. ,~, .aTwoWay lnverter <rWIr ..... _.{. ,. .' ..'. """.
.' .~Ac~umulator Battery (AB). ... ' ., ," :~:.',' ".' ,';:,:.:,',

' .•. : .~aCEBS Control. System .(Ces) . ... '" .' , ..
.. ;. ., . :'., ,". -' :, .' ~,;. '",.. ~.' ~~.,: ' .'

/' :.

.'

, .'

,

:". ,

.1
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'CE.BS. - . . .
I" - . -." - " - " - " - " - " - . - " - ," - "-'

, ",

.--------11f--H AB

power flows ~

control SignalS.
TWI

CCS

.1----------
I
I
I
I

•I
~ ~ ~.-- -.

I

I

GMC

,'to .1

--.- -.- -',. -, ..... - . - . -.. - .,- . - . ~
"\. ,' \,

Figure'S ~CEBS elements
.';',>" ,-

;. '.

.' I \. • of ::

F~atures. "

" '.'.:

, l~ • .'. "_ , , • ;.' " •

The, TW(wilf"äuow",bi-directionalpower flow between the system's grid and 'the Accumulato:r~"
:Sätte;y.;' I'(wffl:i:;e:ableto',rl.i~' In'Various ~pera'tirig,mode~ thknksto its switching technology:.and'. ;

,:{. ',control: system:" It will be"able to opei'atebotl1 as,a .gridmaster, device a.e. Jmposing its'o~ri : ,
'. voltage and frequency on the grid,supplying real and reactive 'power like an Uninterruptible. Power" "

System's' invert.er)jor. modulatihg ,the powedlo,:",s'according to BCMI requests.:. Moreove~,w~i.I~:
runhing"as'a grid-m,\ster device, it win aUow the power to flow fro~ the grid to the battery.,' '. ,

Th~ ÄB"'~iu'b~'used to store energy acc~rding to the GMC strategies. Many different charging
me.~hodsare possible... Gr~at attention must be given to this issue to avoid battery perfor~ances'
degradati~n .. ~," '. . "', .'

M ... ..J ."

. ,The,C,G.S.wiJIhave ttie:resp?nsibilitYOf m.anytasks: "
•.... main TWI c9ntroll.erwhen the CEBS is usedas the grid-masterunit . . '
'.. interface.to the higher control level when the TWI activity is driven from the GM C (i.e. when

,theDGisthe,grid~m~sterdevice)' .' .' , . .."
.. " • t •.1

:,:~. b~t.terYrnonitoriri~,and. ~tate Of Charge (SOC)'calculation
'e. ~~16~aI9EBS'm6'riltoHng,-.1 ".' '

., .

Qptirn,I:1I11usage:",
" I:

TWI. .' " '.
The T'-"/I efficiency is lightly affectep from the operating power rate. This means that we can run
the TWI in the whole power range, within its m,aximum power limits, with minor effects on the
power conversion efficiency. This is tr.ue either the TWI is running in the inverter mode or in the
rectifier mode. '

Grid master functions.

!he CEBScan be.u$ed,as'p.grid-master device. It will be able ~o perform voltage and frequ~ncy

.'.-.\..,'",
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. \ .
regu,lation .ful)ctions on a passive grid; Ii ke~ny industrial' UPS, but.it wi lIa!so.:allow bi-di rectional
power flow whenever the grid mighhbecome .an acti,ve load, We. $hould think of'it as~a. ki,nd of
unusual UPS with recovery capability. This particular feature wiJl':be. crucial to the 'practicq.1
'feasibility of phase IV of the project. This point will be widely discussed onward.

In addiction,the CEBS will accept real and reactive power input signals from the GMC, while the
DG is running.

It has to be noted that, due to power electronics technology adopted, ,theC EBS perforniances in
terms of frequency and voltage control are higher than those of traditional. power generating units.

Location

The CEBS is located In the power plant, near the DGs units. , It's accessible to qualified personnel
only. The CEBS will be used in the way as~uring the best improvements in terms of the Project's
objectives described in chapter 4.

Grid Master Control (G MC)
"

..
"

Features

MEAN TERM OBJECTIVES

SHORT TERM OBJ ECTIVES
.,' , ..

OPERA'TTNGfTECHNICAL LIMITS,

With the name "Grid Master Control" we indicate the set' of devices, logics" information,
, management, strategies and control activities, requi red to 'manageJhe ,electrical system: in.order.to; ,

reachthe project's objectives as defined in chapter 4. The GM C function is,todecide~~~:'?ct.i,ons to " ' ," ,'" ",:~
betaken on the system" according to objectives to be reached and knowledge about th~fisY,stem a,rid" ',' ," , :J~:

. its.'req,ui rements. Figure~shows that the GM.e manage different kind? of ,information;z:'thaf'we can" " , ~,"
summarise in the following list:' ,:,,::v",';; ~"'., ;. ,,#1~:

, '.' ',' ", f,;,..:::;'.fr";i.

system's elements availability <DG:'units,:CEBS!~power: ,!.;~'fL
andenergy, PV contribution) , l,,:'l:,~':~, i¥.:.
power quality (power' availability, frequency and,
voltage regulation) , " ' " " . e"':;" " , '

min and max power limits of DGs and TWI~ frequency:'
and voltageoperating'ranges' of grid. connected,'

'devices, max andrnin st?te of charge for AB etc. .
costs saving (fuel saving, mainten~ncereductioh) and I,
, , '_ 1 ,"", •

'en'vironmental, benefits (noise and p,ollution reduction) ,
I, . '

, ... The,G M Cm?in OLJtPl!t?will,be:
';.-1- •• I . t. ~, ....;. "

J'

"
c." I

,SYSTEM'S CONFIG URATIONS
, '~'CÖNrRÖL StRATEGIES'~'

- CHARGING METHODS

units comrnitmentförDGs and' CEBSi' f,

"to' be "mplementedon' each generating unit:
. ' ~'. , '" I

to be selected' " ..'

, .

" .\.

.' "

" '

I. .~
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OBJECTIVES

power quality

OPERA TINGITECHNICAL , .'
LIMITS

MAX and MIN pOVJer,sac etc.

.'

RESOURCES

DG, BESS, PV

" CONTROL
STRATEGIES

Figure C - GM C role

Datatl'ansmission ' "

""
, SYSTEM'S

CONFIGURATIONS

MEAN TERM
OBJECTIVES

costs saving.

,

CHARGING
METHODS

1_,"

" I:

" 'I

• " <.> .....

.', "

The' data exchange .between the:,GMC and the others, system's.'components 'shall' beachie\ied.:
throüghßistandard fieldb4s (IEC;6115S):' ", ': " .,'. :. ,'If"

, .... _, ,.,':" ... \

'~-.-.: 1- """ • .)- .... [G~C] .: ;.. ,
, .

..~. "',. ,"

.' '. ,,"I.

.....

, '.

'. ~- .
'. -'\ "

'\-. ' ,

DISTRIBUTED PV' "

( GATEWAYO .

,,:

.~.

, DG

Fi9ure D - Proposed'GMC layout
CEBS

.'. '.. . .:.



..

, , .'

Grid Master strategies ,', ,',',~' ,:,' """w.'""

Using 'inf9rmation and flotes collected in the previous chapters, we can now outline a po~sible
solution for the development of the Grid Master Control philosophy., I We'll 'follow the order of the
project',s phases, as descr'ibed in 6:1, to discuss the control ,strategies 'ot" the various system's
configuration, defined in 6.2.

Conventional (C) configuration,

Description

In this configuration, the Diesel Generator is the, main power contributor. Until the PV
penetration inside the electri~al system is ,low, this is the only configuration possible. Moreover,
this configuration is very common in phase II of the project and tan be obtained even if the project
is in more advanced phases, according to GMC policy or due to system's f~ults.,

Implementation
", ','.' .

When,th~ system is ,in configurCl.ti<;>~C,"freqüenc'yand voltage regu(~tion must,be,'car.riedOut by the
DG. This should be accompllshed:by 'the existent DG regulators also when GMC',system will be, ,

installed.

Diesel/PV (DP) configuration

Description

. ',,"

.', .. '

... ' \.':;.J, .... ' "

, ,

This configuration will be r~ached with the gradual penetration of PV ,inv'erters,.when the PV: ' ..,J,6~~"
power contribution approaches the instantaneous load demand (phase II>' In,such~condition, it,. " '" :~:'''m(
becomes impossible for DGs to manage grid master functions, unless the PV generafed~p'ower is; ", '. ~....!'P
somehow regulated or lowered: In fact, DG,scannot run below their minimum power rate"i,(PDmin). ,t"
On the other hand, they cannot be switched off all together, becausea system,withonlyPV power"
contribution would resulfunstable.' At this point, two different ways can be c~osen:; "
-to send a control signal, from'the central control system to decentralised inverters;, this implies

,that a communication link is provided, and that a,central control system (orGMC) has to b,e
, developedto reach,phase II.' ,, . " ' ",

- to use decentralised inverters provi,ded with. an autOnomous controller; such, solution has
minimum requirements on the existing systemsside. (

" , . " ..' ,.

" As discussed in chapterS,' the, second solution is pr~ferabl~ from many 'poir)tS,9f..view,)ncludi~g ,
,s~stemis 'reliability and' availabiiity .. Moreover,such sol'ljtio~ assures'the lowesLimpad over

"existing systems. Thus, the second'way winbe'takeo. '
,_, . I

'\

" , "

As previously stated, the defi'nedsolution We in;1pliesthat decentralised PVinverters are equipped
iNith an appropriated autonoll10l!~ controller. ,A pO,ssible:implert1entationofsuch controller will be
described in a following document. For the purposes öf this description, what we heed to know is'
that decentralis'ed inverters lower their generated power whenever the grid frequency exceeds a
specified value (fH) for a given time, and that they come back to M Pp mode when the frequency
returns below a given value (fU fora defined' time. In this configuration, frequency and voltage
regulation will be carried out by the DG; in almost the same way of configuration C.. Howe\ie'r;'
,someminor modification are neededto the, DG's,speedregulator. In fact,:we have to be sure that

, decentralised PVs will lower the po~er supplied to the g'rid befo~ethe DG reaches its rrii'niinum real



.c, '

i powe'r'.Iimit (PDM J N).' This ~an be ciccomplished introducing a threshold level on the DG's throttle'
actuator, so tha~the followingpehaviour can be obta.ined:

Until. the PV P9wer contribution is low with respect to instantaneous load demand, DGs perform
.speed/fr,equencyregulation function- as.they'usually do (SC characteristic in figure 5).

,The system is running in its Co'nventional operating mode.

As PV power contribution approaches instantaneous load demand, DG's speed regulator gradually
closes the Diesel throttle until the introduced threshold is reached. Since then, DG's throttle,
cannot be closed anymore.

T~e system enters its PP operating'mode.

Further increases inf>V pgwer injections, or load demand lowering, implies that the DG will
acceierate, causing the frequency to rise .(SDP characteristic on figure 5>. As frequency exceeds
the value fH (to be' defined>, decentralised PV. inverters leaves the M pp mode and lower their.
,poweHnjection into the grid, unti I the frequency 'is stabi Iised.within acceptable valUes: As PV,

. pO\,yerreducesbecaus~~ofsolari.sation ch~ng~s, orloaddemanci increases, the frequency go,es-c:low~:;
,and below the valüecfL/causing distributed 'p'V inverters to return to' M pp mode. The.system
returns in its .Conventionaloperating mode. .,." ..

. \, ~~{ .

.. .~,.- '. . "

' .. f:"
.~.;

". POmax

it. ;. ~."

"":,' 'r-O~iri', .. ,: .....~:'::., ... ::.: .... +.:..'+,> .

r'"

""\'.t'

.:' ,fL fH .

.f
n
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. '. : '. - .. '

Figure. E - DG.regulati'on char~ctt~ri'stics

Notes

DP operating ,modehas to be considered critical from 'the following points of view:.'... -,- '. " '.
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e::. ';Powe,rgu~lity i~ ne~C!~ively~ffectec!'b.Y.Jre,quency:ai.tyratIons: .•.. ~ " ,.'. ' .. \ ' ..
e Diesel.units runs at very low power rates,with ,lowerH~rgyefficiency ..
e PV devites are not used in tlie most effective way,: causing ,renewable'energywastes

I '., , .

. ,
For such reason, this, operating mode should:be avoided whenever possible, and although it could
be mandatory in some extra ordinary., conditions, it shouldn't be considered a normal operating

, mo'dei otherwise, project objectives wi IIbe vanished. Thus, when PV penetration approaches phase
II,the installation of the CEBS has to be considered as a need, ancl not as an option.

, D.iesellPV/CEBS Inverter mode (OPB!) ~onfigwation .. 1

Description
, ' '

Thisc'onfiguration will be available with the introduction of the Central Energy Buffer System: In'. , . . - "

DPBFconfiguration, the CEBS, together with the D(;anddecentralised PVs,feeds power'togrid.. . ". ". . .

<

Since dis't~ibuted PVs are dealt asal!tql'1orh6u~dE!\iices,th~y'ar~ not inv~lved.in GMC activitYi .an!:t.
, • - .• _, ~ . , .• - .... ." . .~. 'I •• , ' _ •. • •

theyca'n be considered only for thei reffects ..on the net Idad dem'and, i.e. {he differe,rice betWeen.the,
.actlJallo~d demand and the'attual'PV powercprjtributiOn.C'alliIJ9 PG arid'QG."r~specti.v~IYthe,,:

. real"and~eactiv~ "power supplie.d to' theg~id'from.'the power pl;1nt, anivJith obvious meanings of
, 'I' -, •. " . ","

other sy~bols, the DPBI configuration is schematised below., .. ' .... " ..' ',':' '.,

" ,", .
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In the power plant, both DG and CEBS. have the IcapabiIity.'to' ,run as. grid master devices (as'; .
, dis.cussedin,~, 6.3.),..thereforea contrp', strategy has to be' impl.emented,in cmler.to 'co:qrdin~te'th~ir' ,,' /.

opera{ion:and satisfy PG andQGrequest'$.'.:, , . , " ',,':";:',.:"> ,'. :'.'. ':.'~,
, , " ",:' -'. • . ". ,," -,: • " • . :', . I , :' .... , '. 'r' ". I' I t\'

~est advantages in terms of o'ur objectives <'~' 4) 'and 'system's components usage cali be gai'ned by .
thtHolloV{!n-g implementation,,' . , >, • , .':

t' .-~. ~ ' -' ,- -' I .," l~ "'r~~ ...... :.~.'.
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The cont,rol strategytobe,.implementedwhen the system is'in configuration DPSI is sum~arised,in
,Jigu~e 7 and table 3. " '

PG(t), QG(t)

" :.,
i'd,'"

" ,

-,' ,!

.. ,.1 -::"':.

.~i .,1

~, "

I~, ' I

,'''''' ,-

."

PD*, QD(t)
~

PI(t), •
k,

'1 '.

' ....:1 "
'r','

PG(t),
QG(t)

,'"" "',,'
, GMC.'~::,n.> '.::., ,'lLJ,

, .. ' -':: "~ ' . .' .' ' "
''. " .

J'- - ."

,''- .. '' ','

" . (';',

,',"
" '''';,: ':';,:i:

,Figure G - Control strategy, for DPSLconfiguration' "

Major features of the control- strategy are the following:
,The, DG, runs,;at' coristar\tpower rate,' receiving the reference power value PD *from its interface to

the GMC
:~'Real-power bi:llance"i,s c~rried out by the GM C through the CESS; the,G M C measures thepower'

'P~-(prequ~stedfromt~e;grid arid'drivesJhe CESS to injeCt the power~alue PI (t>;=PG'(t)-
PD*, , ' . -.',

~ -. ,? . "., . ,

Volta.geregulation)s)~arri,ed; ~utb¥DG' svolta~e r~gulator , .; , '; -, ,-.' :" " ,,: '
.The C~BS:reactive,power i:njection'into the grid is proportiqnal-to its real power injeCtion thro'ugh, . ,,,

: 'a con~.tant valüe~ K,'set f~om the GMG " . ,
" : - " .,,' " ~ !," .:', ,'y' -',," .< ; j

" ',';'i ' .,,/~".., ' '-" ' . ' ~
l~~' , ,.,

(Howthe GMCsetsPD* and' K ;alues wHI' be discussed in'chapter 8)
, - , .~' ;. .':, ",' ' ' . , ',' ,

".i, I .,:',,< ';" ,

'QD<t)' ='f(\i>

'PI (t),=" PG (t)~ PD* \', ., ,acfivepower '. control ,~ frequency
I'egul~ltion . .

" fixed 'reaVreadive. power ratio' ,
, fixed power according to GM C systel11

strategies ,
'reactive power control voltage
regulation '.

'j,
, .

"Qr(h~k PI '(t)

PD (t) =' PD*
(irlVet1er mode)': ",'

CESS'

Diesel Generator
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This technical solution meets both our, .()~j.ectives, as stated in' .chapter 4, 'and: cori1ponet"!ts
, requirements, as described in,~6.3, in fact: '" . '. . , . '
.'. 'CEBSabifity to' perform fast power 'regulation will, improve' power: quality 'in ,ter'ms of

frequency stabi Iity and power availabi Iity '.
• fixed power operation of the DG will improve its energy efficiency with fuel savings to be added

to those due to PV contribution .
• running the DG at fixed power rate will bring considerable benefits in terms' of combustion',s

results emission and noise pollution; moreover, it will have positive effects on machines'life
cycle and maintenance costs '

DIESEL/PV/CEBS Rectifier mode WPBRI.) configuration

Description

In DPBR configuration (figure 7), the CEB$chargesthe AB absorbing power from the grid, whi,le
the DG.is running and decentralised PVs injects power into the grid:' It hasto be rioted thatfor our
discussion is not relevant eitherthe.total PV pow~r injection is null or it exceeds the actual load.
dem(3.nd;' In other words DPBR l:onfigürationaccepts both P9sitive and negative values f~)I;'PG .
(and qG),: ,As.for PPBr' configuratio~; dystrlbuted: ~\; inverter~.are"draifas a~t9n,o.moÜtdevices,., ,,':'
and they are' not involved in GMC activities. Their POiN~r:co'ritributionis considered iri PG andQG
values.

:', .
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PG,'Qa. '
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power
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i=igureli.~ PPBR'configuration,.: "',", ..'..... ',:,,'C://',:: ... '" .' ...', .......: '",
, " '~"Implementation . " ,

,",,' •. , .. ; .

. .. ..
j • •. , • '~J •

The control str,ategy to be implemente~ when'the system is in configuration PPBR is analogous to "
that implementeq for DBPI configürz\tiori,,'and is.5ummarised in figure 9'and table4.' ," .

" .' I

_, . ~_:~'_l._ ..-..._.,.. :



Pa (t), Qü(t)
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PG(t), ,.
QG(t) ,

GMC,a .
PR(t),
k

PD.
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, 'F.i~ureI - Control' strategy for DPSR configuration.

",. I\!!C/:j o,r featu res :of the cOl')trolstrate~JYare the q~'t~th~ sam~ mentioned for DPBI:
." .. The DG runs at constant powey-rate,receiving the reference power value PD* from its interface to ':, " ~.,,,' theG'M'C' , " , , ", " ,0" ',' , ,", ,'. ' , ' ',:, '

"R'eaLpower.bali:mce is carried out by the GMC, through the CESS; the GMCmeasures the:power .'
, f t~~ .. '. '.<: I.! ,;'; ; ",. • "'''. . ' .. ', , , . ~. . .. "! '.' .'. J • , _ ~ •

, "," PG" (t)regÜested from .the grid (or in ex'cessfrom the grid) and drives the CESS to'abs.orb the'
, " p,öwer:value'PR(th= PD*- PG (t)

,V6ftageregulation is carried out byDG's voltage regulator , , ,"
, ,!he CESS rea~tive power absorption from the grid is proportional to its ,real power: absorption
,through a constant value, K, set fr'om the GMC
., .. , . , ,; , .

(How the'G rviCsetS PD*,and K values willbe discussed in chClpter8)
, ,

,Table D -DPBR'control strate9i~s
. 'f',',"-,-, -:' • \. ',' ,.,' .. " '':' , '

, '" ;,:C,EI?S, "
~,•. "j h " ...~ ' •

;',': ' ' :trectifier mode) ,:

, , .. ,. "

QieselGenerator .':,

\ '" '-.",

.!'., :.-:'-:

PR (t). ==- [PG (t) - PD* ]
';. < 'h.' .:.~\; \, I .• "., . ,_~

,',QR(tY;;;kRR (t)

real power ~,ontrol - frequency regulation
, ....

reactive power' as' requi'red from' :the
rectifier' '" ",
imposed power according to GM C system
strategies' ,,",
reactive, power' control voltage
regulation

This technical solution, will be made possible from the particular features described fo'r the CESS
{~ 6.3.3L

,<Such' solution' a.ll,qWS exadiythe 's~m'e i:nprovements brought from 'control strategy propo~ed for
:/. .-' '. . ", \ .. .~ (-

'j

"';".
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, ~
DPBI, configuration: " ,,'" ," ,,'
C,ESS'ability, to perform fastp,ciwer r~gui~tio~ will improve'powerqu'ality, in terms of frequency
stability and power availapility ,
fixe~:poweroperation ~f the DG wi II improve its 'energy efficiency with fuel savings to be added to
those'due toPV contribution
running the DG at fixed power rate will bring considerable benefits in t~rms of combustion's results
emission and noise pollution; moreover, it will :have pOsitive 'effects on machines' life cycle and,
maintenance costs '

Effects of charging power modulation against AS have to be investigated; however, battery
manufacturers asserted that Lead-Acid cells are not damaged from such charging operations. ,

PV/CESSlnverter Mode (PSI) configuration

D,escription

This,confi~uration will be reached'whendecentralised p.y penetrCj.tionand, aqove ~II, CESS power
and ene'rgy'c'a'pacitiesallows temporary 's\Nitch~off;of DG,<phase:IV): psi configuration- is,shown

• \ -' • •• J ,
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Fi~~le~'~',PB(tö;nfigu~atioir. ,,",,' r" ':'.':': ' " ,~:,~' ,,":, :"

"," .!". i ;:.' .'l.: _; _ ." ,.' "-"" <I ',' " • /' •• :.; \',~ -.~ l ...:. ',.~ " ~" '." -~ ,~'~' ..

. ' ,;,.:'_"' ,",' -. .....,,:,., '. _'! .~':. .," "'_', ~ .• ~,,;. : .k~"i.'I:;:.-,.!,. i' .,;" .~"-;'" • _,,,-:.,,.,.~_.t;.~~;
Ih.sii'chcör'ifiguration the CESS' istheonly'oevice capable of >grid master' functions'; "'Iii.Jact/' '
decehti'al !sed PV, in~erters' are, ,not able. to synchronise,themseIVes~iihöut ~he common, r~ferencl,
sig~al represente,~by the grid frequencY~iM oredver; they 'ar'e'~dearta's:aütonomoufdevkes;,sO,tha( I

• theiare"seen from the power,plant only 'for thefr effects on the 'instantaneous,loa'ddema~d. From.> '
the: p'öwerplant point of view, the .whoiehlandgrid 'cali he:t~rsid~redas a,Varfabie':load;iabs~'rbirtg
~he;real power PG' (t) and'~he ,reactive ,power Qq, <p, and,süppHeq through an inverter us!n~ the'

. energy stor.~d in, batteries; this is the typical 'job of ari:Uninterrupti,ble Power System (U PS). '

'r' .• '
• 'e'

' .• f,',_ r ,'~" I) ,, ImpleMentation'

When the system is in PSI configuration, all the' grid master fl.mctions win be carried out by the
,',", ,.. ,;":'.1 ." ,.-' .. ..1. 11" f
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built in control system of the CESS, asshown in figure 11 and table 5.

DOMe
~ .....•....

,
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UPS mode
selected '

.'! .., .
Po (t);Q~(t), I
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. I'

. CEBS' V.
I builtin ~ ..... I ..

contrpl
system....'.. ' ,

e;'" ,
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,- .,." .' ..

I

- 't.).,

, > ,

... - . - . - .-- .'- . -,.. .

Figure K - Control strategy for PSI configuration" ..
,"<; ,

l\i1ajor features of the contrpl strategy are the following: ,
"t~e"CEBS is put in UPS o'perating mode by the G,MC'wh~nthe DG is switched~pff ' ,,'

" . ;the CESS' control system drives the.TWI,. imposing the frequency on the grid: r.'~ "",.

the voltage controlloopperformeq, by the CESS' coritrol system assure real'and reactive powei"';
bai'anceas required by the'grid"

•• ~ J, •. ' ~

. ~.

Table E- PSI control strategy

CESS"
<Inverter mode) .

,- ! ,

J.MPORTANTNQTE:
-,' '\ .

PI (f) = PG'(t).

QI (t) = QG (t)'

, real power balance
voltage/frequency regulation
reactive power bal~nce ... i ;~

. i - " ."; ,: • . • .

'~, "Wheri:the DG :,set is ~ot, r~nningthe short ci rcuitcurrents aredr~maticflllY ~reduced.
'. . -relays:~UI be st~died tp':protect the gri,d from.,: ' " ., '.,~' ",,:: ' " ,

~"_,Phas~tqphaseshort,circuit '
.phase to earth shortci rcuit!

., ~ . - .' ~ .;.' I "j '..' . t-, :.' , ••

-". ,
Protective:

;"/ _,' .'1 ••

. ; .' .
PY/CE,S$.'R,ecti'fier'tnpde<PSR) cqnfiguration
......

Descrip'tion :
. ., .

This configuration differs from PSI configuration for the direction of the power flow if] the CESS.",
" .', . ,,,,,..,, ,\ ... ",

, \
I
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Fig~r.~, L,- PBR 'configuration
.. . .",...~. ' ~ . , .:",

Since the CESS willrylake no differ~nce'kbout power:fiow direction, when IUS in UPSoperatIn:g
mode~ PSI and PSR configurations, could be consider~~ together;c:is on~. ,Of coursether'e will be
t1ifferentprobl~ms in terms of operating limits (SaC, VDCe~cJ,. but not in terms of control,
implemeritätion.' . . " ," ':,.'.. '; ,

Implementation . :'"

. ,'\

As it is shown, in figure and table the control'~trategYiS thesarne of PSIconfigura'tron. Infact,!!i"
the CE SS doesn't mind if PG and/or QG are ''positive; i.e. flo'vving to the grid~' or, negative,'i.e'.l'
flowing to the battery. ' ~ "'::"1J~':k:
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Table F - PBRcontrol strategy'

CEBS

(In\ie'rter mode)

PR (f) = -'PG (t) real power balance voltage!frequen,cy
regulation
reactive power balance

IMPORTANT NOTE:
When the OG set is not running the short circuit currents are dramatically reduced. Protective
relays will be studied to protect the grid from:
• phase to phaseshort circuit
• phase to earth short circuit

Table G - Operating modesand control strategies summary

, I~ ', ,:"

cOflfiguration '

PV CONTRIBUTION
Low High,
C" "

pO (t).=PP{f)., QO (t)=QO(V)

V regülption
VMAX.

i. .~.

OP
PO (t)= POW . " QO (t) =QD(V).

. . .

f regulation'
PDMIN
f MAX
SOCMAX : .
, ,~ - (.

during fast charging::

V regulation
VMIN

J; " ' '.". ''t'

targets " _ f:r~gülation
operating limits I'D MAX

flVlIN '

. '. ",

.' DJESEL' .
• • ', • I .f -'. .\.t '. ~'-, -'. ,_.. "

;' 9NLY'.

QD(t)=QO{V)
V regulation

.. 'confi'~ura.ti()n'
.~':~,.: DIESEL:.:;

DI ESEL + targets

CEBSOPERATING MODE
" ".inverter. Rectifier,

DPBI. ".
'PD ::;:;PD*"
fixed power

OPBR "
PD~PD* .
fixed power,

J~'; 1"._;- :

. QO(t)=QD{V)
V regulation

VI,

VMAX .
PI MIN
VDC MAX

VMAX
PI MIN., ' '
VDC MAX

" \

" ,"

PR(t)=PD*-PG{t) QR (t)=kPR(t)

f regulation
PD MIN
PBMAX
fMAX
SOCMAX.

QI(t)=kPJ(t)

VMIN
\JDe MIN

PJ(t)= PG(t)-
PD~

• ,'> ;-.

iNV~RTE~ I

RECTIFIER
"

targets ,.f regulation.
operating'limits. PQMAX:

PI MAX
fMIN ..

.SOCMIN ..

'CEBS,OPE.RAHNG MODE
Inverter Rectifier

.... ,PBI' ,: ':' " ;PBR ; ", .',

p{~Pr:(t) . QI=QJ(t) ,',: PB=PB{t)' . . QB=QB(t)
, targets',;: 'realand reactive power balance VI rear and ~eactive poWer balance

. f regUlation' f regulation
operating limits PI MAX VMI N PB.MAX

Ql MAX VDCMIN QB MAX'
SIMAX' SB MAX
SaC MIN SOCMAX

CEBS
;,.' ."

,"

'j, • '. 'r,>, ' .• ' . '.' \ '_,' .

" configuration' .... " .

,\ .,'.

,~/.

,; "
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Fuzzy Grid Master Control
t • '.' .~ , ' :,., 't'"

, .' . .

As explainedJn ~ 5.3.4, the GMClivillhave'the folloyving'majordecisiontasks:
• system's configuration manageme0t "
• (e.g. ON/OFF switching of Dieseluhits, etc.),
• control strategies man~gement
• (e.g. PD* assignment)'
• charging methods management
• (e.g. refresh charge of battery string, etc,)

The technical solution we outl ine for the implementation of the GM C is based on the use of a fuzzy,
, '1 .

logic to deal the following points: ' .' ." .' '. . '
• the system to be controlled will evolve in terms of capacities of its' components and such

changesaffects control strategies , ,
• control variables (f, V, sac, PI, PD'* etc,) are continuous, and the range of their v~lues is

, sU,bj~ct.to ,interpretatipn ~ependtng:on' 9P~ra~irig.,condit!ons;t~is Implies}hat it's not easy'and '
even not effective to break t~em dOv,(ninto discrete segments ,,',' ...' ',' , ' . :'

• ' configuration changes have to be:decide'd according to uncertain information andparanieters '
','\"; ',' ".'- ."". ' . ,'- ,.' .. ' ." .... '. . "

, (PV power availability and loaddemanp forecasts, 'state of charge calcu~atio~i' eic,); sucli',
, parame'ters might better be represented with linguistic variables (like "medium", "~igh",'"
,"very high" etc,) then with numeric,al variables .' '. ' " " ,

• a'-mathematical model for'the purpose does not exist yet, and itmightresult very difficult to"'"
.,. ,.,..'d~velop"or handle,' since it. would .be subje~t to r:nanychanges~acco'rdingto experiences,gain~d,~'", : " .

, during pilot plant tests. ,,', . ' ';: ::, ...:_,,'~'

A'fuzzy logi~ approach fits point to point all the needsjust mentiofled: :,r e' • , "

• it: is possible to develop a control,~trategy for any system configuration, switching among'ther;ri:.~ ",'!

-',,',. aCc'ordingto system's,requ'irements ' . , .', . ,(; .. ,..!;'\ (;"~~'f:~>"
.:,., fuzzy logic allows to interpret continuous variables between.the values true/false of Boolean",.

'; logic,'than'ks to the membershipfunctio'l'1 concept ' .
• fuzzy sets are extremely suitable for r~presenting linguistic variables,. and the degree of ::

: membE;!rshipwith a fuzzy set Qrings intormation about val\.le trustworthiness" , . ,
• fuzzy controllers are inadeupofrul~s' describi'ng the actions 'to be taken on each ~ombination<

, of control variables (e.g.: if inVerter power is ~\ve'i:ihighll arid diesel'P9wer, is~\norrrial"and, ,:
, state_9Lcharge is "Iow","then diesei~set~c_hang'eis~\;ihcrease widefy");thiS implies they are; ,

,:, easy to.,prototype arid implement;' and they.cCl~.,be mC!.intainE;!d,modified and' extende~ with .'
gr.e.at,accuracyaccording.toexper!enc;e~onth~systeni.>' <~:- ",;,' ~~",' ., '.',:., ",~

I' . ~ " ~ , -.' ••. ."' . ..' " .' _ .. " I •

) : ' "In the'following chapter.we'lloQtlineasolution to manage'ÖPBi'configurati6n;' ", ...; J.,' ," .... ,: ." '.,:, I' ,';,
• •• •• • ,I, ". :'.~, • ' • _ ,.., I'- ro.' I .• ,'" ,. - '. • ,. '.'" . to .' • .."'; ". :,

. .'~ '! , ,,' , .. . ,
- ./.' . " .

". "DG power'set-point'assignment'. :', ", ,;,,,", : ".'1' . ,.. : ' .. ';.'""'
-I; '~,'• , ";-" . ~_' 1, _.' . .' '. '" 0" •• :- :1

", ',' ,\1 • ' • '; i l,

The aim o(thi~ chapter IS to sho~ h~wthedevelo'pment'o{the:'GMC'tan:ben'efit'from th~Use of.
fuzzy logiC;;;As an 'example we :chosen,the PD*, a~signmeht :task.. Thus~a'step':bystep' procedure. is
presented, starting, from variables identification to.' end with, an overview~, of possible .
implementation of ci fuzzy controller.. ':"')"

Variables identification.

Thefirst step defining a 'fuzzy controller is to identif~ itsin'puf ard output variables. The
assignment of the DG power set~point value .(PD*), .when tl1~',systern'is, in.DPBI or DP.BR.

" ,

.,
\

'. I
I
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: 'configuration,involvesvariables that, are' different in terms of their nature and importance, and
requires actions with different characteristics, as it's shown in table 8.

" .' ,'. " '. . ..' " - . ' " .

TableH" Variables used in,PD* assignment

~,.

variable nature importance reaction kind of target
action

:ac'tual value of DG' technical mean i high fast change PD*' to run the DG with
generated power economical mean / low sloW value and/or high efficiency,
,(or actual PD* configuratio according to other "

-
value) n needsand avoiding

overload or minimum
,

power limit,

actual value of the technical high very fast change PD* to run theCEBS
power func,tional mean/high mean/fast value and/or within its operating,
supplied/absorbed configuratio limits and assuring
by theCEBS ':,' , n adequate ,safety

" ' ' , '

,"," margins:, ~ ' . , '-'0 ,, "

batteriesstate"of technical" higtJ ' mean change PD* to maintain adequate, ,
charge (S.oC), ' economical mean / low slow value and/or charge reserve and'

, '

avoid overcharge ,,': ., configuratio
.

,
, n ;

,to~d ~emG\nd fUi')ctional lowl mean r;nean',',' c~ange PD* C,EBSO'usagepl&nnil')g.. '
"slolN' , accbrdi ng,to dai Iy loadforecasf ' ,

, - economical: low 'val ue arid/or
" confi gurati 0 profile and avoid,' '

'" "',' ,
.f_

ur,safe operating
.~;

n,
conditions

available PV functional, mean/high',' mean/slow change PD* batteries:Usage
pQweiforecast' ~ "

economical ' ' value and/or planning'to avoid PV,low:
'" configuratio energy wastes and:,,

n avoid unsafe operating
conditions ,

\ .' .,
, ' ,

, 'Whenever other variables: should be considered important for PD* evaluation,they:could be added
very easily. Ithas to be noted that,in the ~ield,\\kind ofaction~'w~'also considered the possibility

,: . i 'ofq configlJrati,~>nchange; since it. could be an output of. thecontr()lIer. For simplicity sakewe'll
'CQrisid~ronly the the DPBI' c;onfiguration; therefore, we won't deal configuration changes, and ~e
-consider ttie CESS only in its Inverter m.ode. ! , ..

" ; : Usin'g fable8it's,possible to identifYthef6110wing i'nput variables: :.,
:,act DG pow; isthe actual value of PD* assigned to the DG " ,

•• ~.' -. - ", ." .', ,'.. ' .. ' ... ' ..!",a9t.:c:I N\jERTE~.:..pow/is :thea'ctualvalue of thEfpower supplied from the CESS to the grid '. ,;."
'Sac error; this variable blends together the last three. variables of table 8 and IS .due to the
:tollowing need:;fo~ the.9P,~im~musageofC;EBS facilities,informationa~out battery sac must be!

'. evaluated,as referred.to'man{parameters, likethe time of the day/the load demand an~the'PV,"
.. contribution expected in the mean/short term. In fact, the same value of. sac (e.g. 50%)~ is good
".or even high if we're going to perform a charging cycle, but it's low if the CESS has to perform ,al
discharge cy~le. We can define SaC_error as follows: " ,'"

sac error%=100 (act~SaC)-:-(des_SaC).
des_SaC

where des_SaC.is the desired state of charge for that moment, and. act_SaC is the actual, value
'h1easuredbytheCEBS:'< ' .

," .. '

', •.-;',.:" •• l

i :.

, '
"

~, '
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The only ~utput variable we consiqt;:r:in the:e_x~~pleis the I,(ariation of theDG power s~t~point
value:

. DG_set_change

Variables fuzzy values (membership functions definition)

To define the values of input and output variables we have to describe, for each variable, the'
membership function of each fuzzyset. The behaviour oUhe fuzzy controller is str'ictly related to.
this definition. "

Membersh,ipfunctions with veri different shapes can be used, including tri'angular, gaussian,
, trapezoidal and many other shapes. Iri fact, almost any kind of function could be used.. In the
example, we use only very simpl.e fun.ctrohs, as triangular and trapezoidal. . . . .

The n'umb~r of values defined of, each variable is also imp,ortant for the perf,orrnance of the
. controller: In order to simplify the eX'ample,'we define onlY,five values for each input and output
variabie. ' , , ' " , , . -. . ' . : . .

, .

act_D~_powi:
. "",.

veryJow low normal high. very:...hig

) t.. "'," ~,:..'

0.5

. r". ,_ .., .
T,.0.:~~;~'~'_

, input variable "act_DG-pow"

20
'. ( ..

40 60 80 100

ac.t. INVERTER~pow
", ~;' .

" ., . " .~, .~.,..~ . . . I .... ,

. ,~

.....

0.5 .

'~•...f .

,100
:.

80 .60 '

I'
"

normal'

20

low,low

o
.0

ve
,_,' l

.. ,"\

. "'! input variable "act_INVERTER-pow" " ,

'sac e'rror
, .."

; " ",,: . • I,;..~-
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,0',

-10'0' -50' 0' 50' to'O'
input variable "SaC_error"

"

,', ,'"

',,;
: 0.'5' "

;. :-:

'O'

" ',;,:.:£0'"

i ,: ..~...:~,>..; .
\. -'\,

;,,10'

, ~utput variable ;'DG_set..:..ehange",
). < ..•

',,;

10

me w

20'
.. 1:'

1','

Pow~r.'values are expressed in percent o/devices' rated power, while SOC,-erröi' i~ expr~ssed asa '
relative error. "

Inference rules definition

Ontefuzzy setsand membership functions have been defined, the coiltrolle(model is completed by,,'
wrltih9 the ruies thafdescribe.theactio'ri taken öneach combination of control variables. . , ,. . . . . -
, '
',:" ",' •. .J..l ...." • ',' '. . .

In ourexampleweröughly associated an action to any value ofttle 'input variables.
•. ', 1,' -.' ' .. ' .. ! _,.' •

, , . '.'-.',:
:". ~..

','

," ...
;~ 0'1-;'-

2'.'
,3.
4.'s. '
6.
7.
8.

, 9:,

10.
n.

.
rule'desc ri ptl<)n"

,'. ;' .. >',

.. ' .

" "1~";'~.~ ,,' ,;.
'(a~tINV'~'~TER~POW~== hb~~~h==~',~DG_s~t_ch~nge~keep), , '

,,(actJNVER"'ER~pow==r9W) =>-,COG_set_change~dec-') ,
, (acfI~\/ERTER pow=~very'low) ~> ,COGset change=dec w) ,

(a~(INVERT'ER=PQw==h'igh)';";> COG_set-=-chang~=iric_1)-
(act~INVERTER_pow~~very __hj'gh) => COG_seLchange=iriC~w) ,
(act_DG~pow~=normal) ~> CO(Lset.:..change=l<eep).
(act_DG,-pow=:=low) => COG_set_change=inc...J)
(ac(DG~pow==very...Jow) => (D(tset_change:;::;inc.:..w)
(act_DG...:.pow== high) .=:> COG__set_change= dec...Jj
(act_DG_pow~=verY_high) => COG_set~change=dec_w)
(SOC:..:"error=;"'null) = > COG_set_change=keep)'

rule: -
weight

, '<0.2),
. (0.2): , ..!,'

<0.2) ';
(1) ,

(1) "

<0.2)
<0.8)
(1)

<0.8)
(1)

<0.2)

.' "



...

12.
13.
14.
15.

(SÖC_erro'r= =ne~Lsrri~'(jY~'>"('öG~'s'ecalah~~;;;;;'incJ) ...., ."~", C' -:-:~"'., -- '.-. :'(Ö':~y:,
(SOC_erro~= =neg-'arge):= > <DG'_seLchahge,='inc_w) '(0.8)'
(SOC_error==pos_smaID= > <DG_set_chänge,=dec_D (0.5)
(SOC_error= =pos_~igh) = > <DG_set_change=dec~w) (0.8)

Every rule is associated a weig~t; this.valu~ affects the effect of each rule on the calculation-of the
output variable.

, , ,. ,

We defined such values considering the ,characteristics :Iisted in the "importance" and "reaction"
field of table 8.

. The fuzzy controller model is now completely defined,.cls'it's shown in figure 14.

INPUT VARIABLES

,0.'-

, .
'011)0

'~...
.. -

INFERENCE RULES'::

OUTPUT VARIABLE ' •.

.'
....~.i~)' ~~

,.,;.1.1,

.'

20 '.0 .60

• 'vlriaYI.II:U)O~

,.,.
, .-

• • I .

. '.F.igure N - Fuz,zycontroller mod,etf9~;tJ1~,ass~~nlJ1~ntofPD*.'valu~,:

" Ci;ntroll~r behaviöür. . ~:.. , . \

The rPodel defined in previous'paragraphs has ~een :implementedwith th~ FUZZY TOOLBOX:
"running.'with MATLAB under the WINDOWS envJr()nment, in ord,er tö i.r1\i~stigatethe'feasibility of:'
afüzzy control. Two different kinds of graphical outputs are used to describe tlie behaviour of the

','co:nt"r'o'llog'lc. . .... ", :' .. ',i,'" '.' :, ".,,:'" ,;•. ,; .... : .',' :. ;",'.,"--'. ,.' ','. ;', .. ';'
• ~ " •• ',' • • . • .' '!, • ' • ~ • f. , . , :

'>:'

Figure 15 to 17 show the rules fired from three' different c()~binations 'of the input v~riables.

, ...... '

i
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. When th,e.system is running near 'optimum condition" the DG is running at a good efficiency' power
"'rale, the CESS is'feeding power,to tbe.gridwithin, good safety margins and the battery SO'CerrOl'"
" ,!~:pe~rj~~r~ (f!.~ure 15>', In ,su~~conditions; theou~put'y~riable value is "keepll,: i.e; n~ ch.~nges;
, ,~re.r~qu!red,to' the DG p~wer,set~poil1t.'" , ,<" " " : " ~. 1,1 "'L ':;" ,:,.'

'-!""':~"J..\,,, ;~-.. ', •.• .t'-f._ l, •. r~':'" ,',,'. , ..1- t.- •. f~.:> -.

If a 'load' ~hahge;'n6w"caüse$'the"CESS' to: supply"a power value we consider' ~~high'~,:the~rUle>,','
number4.is fired (figyre'16)',the 9ytpu.tofjhecon~roll,e~~ecomes "keep'" + "increaselightly"'r ,'.,'

. qnd the,cfefu:zzyfication algorithm returns a positivevalue~about +5%); to increase.the'Dß"poWer,?'"c ....,,'
..'(t/' ;:!".;', . .-.I~~ _;, •.. l,~"",' ,'I; ... _. """:' ",'~.\. ':. ', ..... _ .. , "" f" ',' '~.--'.'

, set point a'ndgain system'~safety:', :'::" ' " " ' " . .' :.' ,,; .',c., ':, ' ','
.- ,"( -- .. ,," " • , h,
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figure 17 shows an input variables combination in which different: needs ?re evaluated. by the
controller;,while DG efficiency would ,require an'increase in-DG power set-I?oint,'the larg~ positive ..

,S,O~e~ror~requiresa PD* reduction to allowth.~,C EB$,~odischarge batteries: ,', .. ' ~':~' ".
," , . .'.~ "~~~.1~';.:':1,;",,

Another effective way to' describe the' controller behaviour is 'to display control, surfaces:'-Such
surfaces display the output variable value~ vs; any combinatipn of two input variablesi.t'i~~~n:other'
i~put:variables are fixed. : '~\J~'" ' "

} '; 1 . . ! . • ~....,':, ,'t." • ~.

Figure 18 and 19 display DG_set_change vs. act INVERTER_pow and SaG error""for two,,'
- . "';'0",' l' • ,- ~

different values of act_DG_pow.

N'
• OJ''

, 1~~7;':...;,:,
~r:~.;i~:..
"~:1~"7(~'

I;,'

, ,c~j'\"

100' 0

:,' 100

"" .
"

t.,_.: .. " ....:' .., .
, .'

.:-" ': ..,'
'.1'

Figure R - act_DG~pow = 90%

Both figure 18 and figure 19 show thafthe power supplied by the CEBS has minor, effects on the
set-point value unless safety margins are äPproach~d. Onthe other hand, SaC_error has greate'r
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effect$when JbeC.!:BS iswJt6in$,uthsaf~tY'n1argins,.,'
. '. ..,. ." . ,~_ .~..•..> ... -, " ,,",'. \ ..'...." -', A

",1'"

,J

$OC)~rror\.,.'

100

'act:....INVERTER-pow

d,! ; '.

'. /',::10.

. ,

Figure S - act_DG_pow~ 60%
, .

. Fi~ure "~9 .sho~s higher values 'for DG:i~~hthan~e.siric~'~h~ {~~er actlialDG power raterequire~a ....•
~Pt.''.i~creas~ter,,~,G~ffi<:ienCy.,.-', ,~,. " .,:';' . .. " .

'" ',;.,;. 'E>"

"\~'cr!gehaYiQur:;i,s'evenm()re,e\ii.dehtin';the',foH()~ilig'figure'2o;, ", '. . i" . !
, ", ,~ . ,".. ',', t- ,', ~ .. . ,.." .' , .',

.'.;Figure,T:- a<:LQß_p(jW~"35%'

Figure 21displ.ays the control surface obtained for DG set change.v$. actDG pow .and
" .,' " _ " ',':, _,' '.' " '... .. ._ -._.. .. ........' -' ,""':. ',1_', ",.. . ':'-';," ,. ' :

':act)NVERTER.;..poW when the SOC~error is' equal tozero~ The output value isrhalnly affected
'frpmpG effici~ncy n~~d~1lfnless the9EBSC\pproach'the s~fetymargins. " .

'", , .. -,-, ''''', .. ,. ", , <.,. --, ',"' '."

'. "
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Conclusi.ons

". 5

U~i~g fuzzy logicand a very ~irnpIe,m6del;. We nlanagedt~ achieve some encd~ragi~g" r~s~lts fo;'~k~~ -:., :~,',
. '. '. , " . I' . ". . , ., ,.. , . .'" .. .. " " .'

th~. DG power set-point assignnienttask., B~tter:results ca~'b~achieved with furth~r jn\testigation~~;..:' '..', ;,\, .;
anq experience. With t~e samemet~odplogYI other t~~ksofthe'0 MC sh91:lld.~edesi~'~ed/in.or.d-~<f~r::~..." ..,
to perform the whole configuration management. The availability of fl!zzy'softwan~tOöls/assures ,:.." ',.•
the' possibility to test the' GMC bebavl'our with de-facto standard simülation.software;"such as\<-(;. ' •.'"
SIMULINI< and MATLAB. ":, ,,'(, .., ~ ",~~i;}:,

. ,". '. . ":~~j~"
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EXPERIENCIESO.f MAli IN TH~FIELD OF:SOLAR P~OTOV"oLJiAIC .' ;

1 I ntroducti on

/ Prepared'by Alhousseini Issa MAIGA
CNESOLER BP 134

Bamako - Mal i

Mali is a very big unlock country of 1".25,0.000 km2 with a population of 9.240.000 hts. The
population density is about 1 to 5hts in the km2 and the main activities of the population were
agri~ultural, cattle and fishing. The renewable e~ergy and mainly the' Photovoltaic (PV) had been
required since the independence. The solar equipment had been introduced by the governmental
sector for experimental and. demonstration pürposes and had been financed by the .international
and technical cooperation.

I~ .'1964, the first institution ~aii~d ~(Labqratoire'de f~En~rgjeS'ola.Ire ~>, (LESO) hac!.~eencreated,
. to promot~ the solar energy and to. contribute to the,energy policy, .. ,~,,'

In 1968, the activities of LESO had beenextended to wind, biomass and energy saving.,'

.With some technical and economic partners many demonstrationahd experimental c:ictionshave-'
• . '.' '1'. ", .

'been undertaken with successful results. In 1970 with the concrete acHonsand efforts (>:fBernärd::' '.,
• ' .' ' ,"' . -, -. "~I ,", ." •

Verspiere~ pioneer of PV pumping systems in Mali with "Mali Aqua Viva project" manys6IaF',,,,,
.' pumping systemshave beerrinstalled. ' ~, ", " \' ' ....

, (

In 1990, Ie LESO became National CenterforSolar Energy and Renewable,Energy (CNE~OLER)'i ' "

In ~990, much solar bu.siness.centers f()rsolarenergy h~ve been created alld were operational forl .' ' ",',.
the furnit4re of solarcol11Ponents and;serVi~~s qnst~lIation, maintenance, 'assembIY/ad~ptati()n)::, ".
and engineering). ',. ,

('

2 EXISTING POLICY

.Th:e;erie~gypolicy' i'n riJl~liis~mainly ~~ient~d.~'n:"'-,'- .
• ' ,the improvement ofthe Production and distribution;,
.: the.irnprovement of the rate of ruraleledrifiF~tion; .

.'. : :ü;~sustarnabl~ energy:developm~nt;'. ,',.{:~ '"
. .; :: , . ~ .-" .

,,' f'

J::

" 'Thi~,'p.oliCYi~b~~ed~~:," . '. ,,'" ',- , I"" . .. :', " "
,. ~ ," . _ : ',' • " ' " . -, , . t." . .', ' .

' •. Valorize the important potential of the hydroelectric of the state (1.050 MW of available for a
capacity of productionof5.700 GWh/an); ,

• Promote the energy ofsubstit~tion to the oil, arid the wood; . .' '." . . ,'. ,
.' Develop the technologies, which can, reduce the ,consumption..ofthe wood andmak~ available

. i, ',;th~adapted energy 'equipment fort~e rural: population ata lower,cost. . . .'
-Usetheenormous potential of renewC!;blesources (solaren~rgyis estimated at more than 5 to,6 .

~Wh/m2/dannual meanJar an irradiation of ~bout 6 to 9 h/d).
• Contribute efficiently to the regional, sub-regional and international Energy program:

2.1 INSTITUTIONAL

,-) -', , ... ". ..' ': . .'
Minis~ry of Mining, Ener~yandWater is>the one,presently in charge of the solar energy program

'. 't, '" ' i
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.•',?lncl"pbli~yjn,Mq.1 i:

,Nciti'Ofu?l1Directio!1 ,of EnergyCDNE) 'i.s:fhe one designed t0conduct'the en~rg1 program and policy
'in ..Mqli. ~ndtneLCNESOLER, which is 'the ~'p€~ciali~edce~ter for the renewable energy sector in
'Ma'li'ii.,'desigri'torealizetheobjectives" ..

, '> '" ',' ,',' '..,'

Topr'omote the energy sector in Mali, the government is associated with many organisms:
• ECpWAS (Economical Community'of West African State) which created the. CRES

(Regional Centerfor< Solar Energy) in Mali ( 1985 to 1994).
• CILSS Inter State Community for Fighting Against Hunger (September 1973) which had

participated to :the CRESpro¥ect .
•• . OMVS. (1972)' by three state' (Mali, Mauritania and Senegal) to. build and exploit the

,h~;cJroere~tri2:equipmentof the Senegal River and others.
;,~ La. CEDEAO:

:;' '- L'DUA .
, -L'UMEOÄ:'

>.
1 ,:'.

.:,.~.:rR~se~r6h/p~y~fbph1entai1dtr~irl;ing: ";'\'.
:,:'-,>',,: -/~:',i;~:;.'::<i,;1~?:'::~~~::",,',/, -', <:1 -'.(- ,,'~_ ' ',', .', .

•...eN ~sqLER witlj~,tec'hnicar :tean,pf.'8Q persons ('engirl~ers~,.,techbiciari/se'tc .•J"for,rese'arch~' ... '
., :' ',. ',' -'" ' ' ,. "',' __" ,~' -, _: , "", ,- '".' - ,', , '_ ,," ,_' " _, ' ,,', ,'.' . "l",' -- _ • _ ': ' ",' ,,_,' "", __- , .

~ttiqies/develqpment,. training;' installation, . mainfenance;o,niniation C!..nd'awareness is ,the' one "
. reä,l!yin 'charge:>'tI~e'sol~r e~ergy, program in Mali. The cnesoler had 'in 'charge'topromote, to.

advise~.to implement ahd,to örganize.the' sola.r energy sector in'Mali. .' '':"--'.~- «' ~':'.,'~' :,-:.,~;" --.,_".--,~:- :~':-- "', '\ '., 1 -""',_ '.:

, -,'

Natiq~1l- Engineer ,School (ENI) had. a ~rainingprogramon thefield of sola~ener:gy.
:200ehgim~ers have.bee~!'rained ~i~ce;1984 from all' Afric~n countri'es." ,:' .... . "'.

'I'. • t."., '

'OÄI?ACl~I~"S,'~~~'RVlGE.SETPRES:ATION7:(': . . .... ,\ '. ,:""
. . ..' __'": ,: .' .", ~ ',,', ,,"" '"..,., " _' _ ,,' _', _ '" .\J <:", _" " ' , ' ..: . <, }' , , ,; •

,~n:;the,fi~ldöFre$eariil1"studies/instaiiatioria:riduses~ofsolar~PV~ Mali had verY'big experiences::' , ", :,,:'
<}sIit':We.)la\te:.t~/,:say'!iKiit,'th~\i'5"%:otthlf h&rr1ari"aridfi n::indal resou rces 'are 'concentr~ted'~ j'r; I \., " ":' r.f >''B~Mä.k6?i.i~:.<r;;:\':M'>''-''J .. ',,:,' ';<9',,:.';:,,:,:;ti:/';" ',J::." ,. ""::;'!>:" "' •. !:}"',.i::""l."};i.";,j.: ,,""

,', , ','\. '-
'.,(.',.1

,.' ,'.

.. ~ '. ". .' -
'In Mali there.are:man'y local servlcesJor'the'de.velopmentand the prbmotionofsolarener:gy:;;'"
:'~' ::/~~;4~aining"'~~N1Se$like'~ch~6JW.(ENI~.ENS~p,E9IC'Ä) ,.... . '" ...,.",:

"~:National.~,?S9C!aÜonofso'lar~nergYbus.inesS;.i' .. '. ' ..... . .., ." , .'.
'•. :regionai 'association professional in solar e'nergy,which members are fromBenin, Burkina

..';:;::\:~:~~Oi:.~,~;lf,M~uri~~fni~':~;re'~~,I!cin?Ni,'~,e~: ,," J, "', "'," " .. : ;'<:3

".. 2:2'REG'L'EMENTATION " , " " '
i':~i'.~<::J:ij'::''';:;'';'\~i,::;'~F:~,:::;':;(:r',,<:"'\i,:t':, .' . .' . ... ' '.' <_ .,;

;'},c:~eati6~;i:~.rgariiza:iion'oitH~;<sfrudture' wHiCh'.h~ve' to /~1:udY~."to: develop,to:inip'le~ent::ai:1d",t({:~y,,;
;'~::.:cliffuse'the r.enewable'energy, sector';'..,,' ,,'. '. .' .e: ~.", ..... .' '

.• ',:.',P,U.tt9. 9~tD~r .t~e'ri~,edep.textto 'regulate,"tofa~Jj.jtate~Jo, help; and t9' impr6~e"lh,e 'str,ategy,i'of,q,,)
';;"':;', ':usi~g sol~~ en~~~y;.' .. /. '," ..• .. ' ' ... " ... ,., .. ' "

' •. ' täkethe dt;!~ref,94~'199'oLJune3;1994 to stop the taxes on the' solar equipment' import~d'for'5years" ,", ';'.~ .... ,.~ ...:... ,.,;,. i . :'." .. ", .' ,,'.;.;':',.r.',.,.
" l' .' .' ", .,' " ,-',: ' _,_ .

• , ta,ke the ordonariceOOl9/P~~M. of March 15 2000 to ol"ganizethe Ele,ctricity secto~;
. ,"p,u(ih appHca1:ionthe 'text h"98 ~ 13IMFC-SG of Janu~ryi 998 to 'fixe: 'the' taxes of ,'the::

'. "', _,'1 ., _. ,'. ' __ ., , . _ ,_' _,"'" . " '. '._ '. - - ,

:';',{'e,qulprnenfof.theprOject.PAPE!\I1 ER" " .', ;
. '" .~ ,: )put' in"app!i;cati~'r1~'the letter' noz16/M.FC-SG 'of Febru~;.y \997' tQ fixe the .taxe~r~fthe

.' ,.,. 'equipmentofthe'ProJectPEPLS." " .,':' ' .. , t ,.:',' "",:

'~_"", .,~ ~ •• ,~ ,<- ,." - '" .J" " ~.~",' ':. • r, ' ' >l

..... j
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".l,:.(:,' ,.,' '/,'.,'
National High School (ENSUP) had a tr~ining progr~m on the field of solar ~nergy;,

..

CRES had organized from 1984 to"1994 more than 10 training sessionsfor the engineers and the
technicians ['

'Cnesoler had organized more 2.0 training ,program and' form .individually more' than 300
technicians from all others the word;

More than 300 documents are avai.lable on the field ofso'lar energy in Mali
. "

3.2 Commercial Services:

, .
The private sector is well install and'establish in Mali. In 1996.the department of Energy had
identifIed more than 15 commercial offices which are specialized in studies,installations,
maintenance, engineering and'sealing. All ~he commercial offices are concentrated in Bamako.
T.hemost important commercial offices are: Diawara Solar Energy, Horonya, SES Corporation, .
ZED, Würth'Solar, Energy ,Sinergie, SQMIMAD,ERC, AFRIT~.C', GID Solar, GAP,-13 E;-etc.. , '

3.3 Organizations:
~:. "; - , '. "\ " . ' ,

The ,village .had a local org;3.nization, which' is very important for given information/for
.sEmsibiUzation,commercialization and lo~nsfor the villagers.

\:,"
In the cotton area (CMDT) where cotton is the most important agriculture activities they have at
least one existing vi lIage association (AV) sii1f:e,20 years. This AV is very experimented/,played:
the role onink between the distributors and his members and had a very important consideration:
with the banking system. Also the Niger Office CON)which is specialized in the production of rice

, ' ""f~

had the same experiences. ".' ,.;....';.1 " .

." ,:~{"
. ,:::;,..

.; . ~~....\.;~:~
:", dli~~~J

. ~.'.,.t.';;:~$f
'I,'.

,.1.,

, . .

3~4'NONGovernmental Organization (NGO)

In Mali we had m.orethan 100"N~Ö mainly for the rural development andm'ore than 30:% ,of them
är~ involved in the energy sector. Some of them are involved to promote sol,ar'energy mainly for
drinkable water,lighting .and, refrigeration for health center. They are also. very active~'for the

. transmission of all kind of i11formationabout the characteristics, :tre advantages and th~ limit of
the,use.' . . .. '

".:3'~5FipancialStructures: ' •• 1

',+h~'imnligration(mostIY 'from. village located in the West.of the SaheD is very' old phenomenal.
fr6ri1 the village to the town, and from the town to the out side of Mali. 'The migrants ~f diff~rent

. ,Iocq,lities are organized and helpa lot for the use of solar energy in their villages.
:"(' . ,

3.6i.Fabr.ication

Only the research center and the school have initiated a fabrication program of some components
of the PV.system (regulators, inverter, lamps etc... >. The result show than it is,more costly topay

. '.' ': '. I, ,'. '._ • • t
a component then to fabrlc.Actual. Mall had no production Unit of solar PV



4.PV IN M4U <INFRASTRUCTURES Er E9UIPMENTS)'

4.~1Pumping:
More:than 600SPV(Solar Pumping System) are installed in Mali since 1977, for about more than
600 kWp. The most important equipment is installed in the area of Segou., Sikasso, I(ayes,
I<oulikoro, Mopti andTom~'ouctou. The power of the system is from 60 W (SURFLO Pump) to 12
000 Wp (Pomp, Siemens pump installed by Plan International in Banamba). The most important
program had b~en executed by the Regional Solar Program (RSP) of CI LSS and financed by the
European Fund for Development. For 1.040 pump ins,talled in 9 countries of Sahel: Senegal,
Mauritania, Gambia, Cap Vert, Gu.inea Bissau, Mali"Burkina Faso, Niger and Chad, Mali had
obtained 157 pumps.

4.2 Lighting
More tran 15.000 SPV are installed in Mali since 1977" for more than 250 kWp. The most
important power installed is in the big area. the power installed goes from 10 Wp (lantern) to '
11520 Wc (Hospital alimentation of Dire, by AIFO, Italian NGO>;the private sedor ha'd installed

, thousand of system:. SOnJepr9jects have installed systems for schools, medical c~nter, cultural"
"center, public pla,t~s:etc.~..Th€!, RSP had instCjlled33 system for, lightingand charging batte~iesl" ,
'Jh~:~roject,9f Puolic, Lighting by So!~r,Energy,(P'EPL$}had installed more than.570 street ',',',',
'lightingsystems,'300 ,I,ighting Systems mainlyfor.- the, community centerst' ,lOa lanterns ~r;ld,IS,
pumping systems~ The aim for the future will be for 5000 lighting system and 1000 street lighting"

, bef~re ,the year,2~05. " '. .' ' ,
, j"','" " e,.",

_4.3 Communication' ..,' , ,
",,::, 'M()re'than':30Ö: SPVare installed in Mal! since l'977,fo/more than 350 kWp:'The'power is from:' '
,.',;,",':50 :w'p ~O'10 '7,80,w'p:" The"p~rspectives are'very imp'()rtant for the' development 'of the, rural", :

o ':; ~:. telecommu'nicati:on.. " ," \ ' , ,;";
,J"'-;, (;>1.:,.:./ : ..'.~.'~.<..;".I" :'_::' ',f _, : " .:.';' ~ '!:'

",::,', '. '2t4~Refrigerabon ' , " 0;-

'Approximately. 100SPV .are installed in Malisince 1977,' for 20 kWp mainly for, the medical
center.' " ,,'

4.S Others'~pplications 0

, Over 'SODothersSPV are installed in Mali since 1977,for 30 kWp for many uses (charging
batteries,' portable lighting, airport system etc.>. Thep6wer can be frome 0,5 Wp to 100' Wp.: , ".' '

'; r, . , \' .
, -

Table - SPV installed in Mali (from 1963 to now)'
• ,f,

~ '. .!

','

,Designation ,Number of Power installed Observations ..

systems,' estimated (kWp) '.

'Surface pumps: ;'" •. " 100 100 Good
, .. '."l'." •" "~ --

.-

Deeppumps
.,

'I~ÖO
,

500 Very good ~'.,' ".. , ,
f

'1',

Domestic Lighting Very good."
"

,15.000 500 ' ,

S,treet lighting' :':', " , ,'1000 '100' ' ~,. .t
' ..

Very good- :;,/:" ' ';';',, , .~ .. '. ,', "

Refrigerators ,', ,60 . '12 "
' ' Very good" .,,,,.' ... "

.,.,
, .. , ,

"

Communication 300 350 Very'good
.'

, "

TV set 400 24 Very good
Sound set 100 3 Very good
Milling 4 5 Good
Others PV systems NO Not given Good
Total of PV 17.464 1 494 ' ,

, j~ "
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5. 'ACTÜALOFFER OF MATERIAL~'AND 'SERVIClES'" , ' "

5.1 Statu,s

",' I",' ',"

• - \~ 'j.• A " • -t >:",
" '

InM ali the physical offer can be presented by two forms: .
• Formal which is conduct,edby the know official private sector.with all necessary know how and

services;
• "Informal which provide materials from anywhere withscime time a very bad quality, a very,

bad installation and without parts and maintenance

5.2'Materials and Services Offert

Table of materials and services

Materials " Services ,.,.

M,odules,pumps and accessories Water pümping .~l' , ,-

,Modules; regulators, batteries,lamps and aq;~ssories Individual lighting , ".'
Modules, regulators, batteries,' lamps and accessories ", ' TV'set' .', ~ .... .,1.

"
,

Moc:lules;regulators, batteries, lamps and accessories Communication"
,

, ' "l,e

Modules, regulators, batteries, "lamps, refrigerators ' and' Health centers
"

"

accessories "
, .... . ' ,. , .. '" . .' , : ." '~r .

,

MQdules;regulators, batteries, lari1p~andaccesso'ries Schools and cUltures'centers
Modules,regulators, batteries, lamps and accessories Animation " :J.',

"
Modules,. regulators, batteries; lampsand accessories Street lighting ,systems, " ::';;,
Modules, regulat?rs, batteries, lamps and accessories Others' (airport,':coUllter~~~-;,

. m'eteorological stations, etct;. ~

',,' "
',:t

6.EVALUATION of the Malian Experience

• '. • '. • I ",'

6.1 Economical and financial Aspects
, ,

6.1.1 Economical aspects:
\." A

The:,M~fia~,experien,c~has ~eelleval uated in ma;,y times and the: main comfng out' res~'I~si's;' • ": ':
• , solar pumping is accepted and integrated for giving water.t6 the popul~tiori a'nd the animals.

'Most of the project integrate the population fprtl1.ere finan,cial 'con1:ributionto the 'equipment;'
:al1dalso organize them for.takecare of the maintenal1ce.Accordingto some,studies the 'mean

• , • - " ,t','_.' • : •. , _I : '. -' _' .,.\ I '_' .' ."

of corriing water can be estin1ated at around 250 FCFA to 300 FCFÄ the cubiC meter which
; c6rrespondto 12500 F CFA theinstal,leqWatfpeak.' " .. ":," ,: ", :,

"'~' ,~s~larmicrö~el~ttri.ficati9n i~in1pr()ved with sp'!1every good res~lt~rid actually the installi~g
, price' is around lo~obo to 12.qOO 'FCFA tlie Wp.: Even the'cost,'we observe.a very big use of
,<'the systeminremote ~re~dr?mthfpriva1:e andpublic sec,tors: ,,' , ..' .. '.,' ,: ; .

, ~e.' solar refrigerators ~.r.~sp.eCially'ü~edf9r the m€loicai ~enter-~nd,the price ,of t~eWp)nstalled' is,
" ,';around,20 ooö"tq ?5000 FCfA .. Most the program's are uSing the solar refrigeriitors, for the. . ., '\ ., ...

conservation the medical product of the medical ce,nter.' , . ' '

6.L2 Financial aspects
.. '

- FrQITI'thepublic an'dthe private market:

According, to some studies" 90%of the, fund used for the ~ctivities of PV came, from' the
international agencies and ,the NGOs. ,In fact, accordin!;j to the private sector, 80% of their



bqsin~ss carn 'from gov~~nment tenders (projects) and the others 20%' from theNGOs'and the:":
, ir1.dividual . '. ..., ... . " , . .

. - Actual.finaticial mechanisms:

The main financial mechanisms in Mali are:
• cash payment;
• ' .credit payment;
• ' partial and total donation.

For the financial mechanism the financial can support the payment by using their system ofcred.it.
, . .

- Financial mechanisms of running:
\ .

The most use system for' charging the running cost is the cotizations, the redevancies, arid ~he
coming m~ney from out side. '

"- p.rofita~,ilityoffhe instaIJedequi~ment:
,. ,.' ....

'.\"

, i',';, .'.

, °:rnecapacity o(~~aruating the s~rvice; from. the: PV' systems'is variable according to the use,the,':
I"" location anrj the'level:' of organization of the users.. The studies from the water pumping the,

!i9hting' ahd ,the, communication .showthat,thePV are economically better than ,the' 'ot~ers,"
coriventional'systems for the' same services. In the' remote area the PV' !s ec'Onomicallybett~r. ,:", ',i,",

. \: (. ;1 (;," /~ ',~ ..:J .. _' . " .' ::~ . ~ -.: r
O

',., ,;,.( ,; ,~.;'. .1.:'. 'I ". . ".

",;;:,,'"6.2'~e'chr:licalaspectS:' ':"<",,",' ",,~,,:',:i
'", "- ... :

Friability of the systems:

".' "

" .\.,;
.',::" ,.~ <'. '. • • ",' ;~. '. t •

, This ,characteristi~s is define as the probabiiity of good running time for a long"cycle lifewithöut ,;"
,;"',,' shortag'e:;"Tt:Hs define coefficienffactor'is very:goöd for the PV"systemsandin Mali we say thatthe1, "'::,

guaranted, life -time of the module can go,for at least 15years,fhe others components are from 2 to' ,
7'years

6.3 Socio-organi~ationAI aspects: '

,6:3.lTbe Systems Managing
" '.;; " • ~. '. '.' .' ..~ • ' , " "., I • • ...:

,:,~,;-"'''::''y-, ',' ,.' :.:,'.. : _' :.:-;;.,~;.: ... ,.'. i' -".' • -", •.• ' '.. .' "',' " •

,AcC:ordingto the type aridtheu~e' of technology, the populatipn is organized to tray'to get the best.
be'nefitfrom the i'f,lstalla,tions: Ir(our days w,efind:' ".... .,,,.... ., ' ',:: .',;

. '".' -- -' . ' ",,' .

, . ,.::j" .:: .' _/....." ;_\_~'" '<" ~.l. " ' . ,e,.'- ,~ .'

~':,,'t~~lo,cal n1~na.glng.team,-(fqr~hewater'PLJmphlg system, the health ,center, the school systems' .
. , ; "'S}t~J.whiCtl 'W,well' informed' for finding' aU ,the :solutionto the techrliciill, finanda! and social,:' , ' ,

", ,,\probl~ms. ',i , ". "', .. . . ",' ;

'" ; 4t';' 'the)l,~count Q'peningjn.,:i:h~bank for'thesystE!m replacement and'maintenance ;,'
'",' ~,)he,'serv'iCes for tra,rijngJo helpJtie local' population to get some,new installation, to train them

, '. and to advise;:'," .., :,', ' " . " ....' " '.
'. others organisms or associations for animation and sensibilization of the population.

, .. 6. 3.2 Tendengies,et Opportunities
" ., ' ,

Tlie level o(inteQration of the PV system in M~li in socio cultural aspect:

Th~'communities w,hich'have~the p\isystems are aWflre about tbe efficiency of the system and his' " .

I ..:._ •.-:,

-.'1 .. "



...

imp~ct on the improvement of thei r .conditions of,'l ife "i nternis of p roducti on;. educati on, hei'llth,'
se~urity, better life, energy saving and t;nvironmental preservatiori." . ,

. ,
The most important difficulty is' the investment cost pf acquisition. From the, evalua~iohcif the
demand to the social mobiliza,tionand the organization, the S PV do not have any significant
problems of introduction becausethey give a~ answers to a,real need like water; light, tv etc..

With the actual decentralization and the privatization of the energy sector, the technicians and the,
commercial will be install in the remote area. The main concerned organisms wi.ll be: '
• the government for implementing the,project and improving the local development;
• the private sectors for making business" ,
• the users for having a good quality of services at a lower 'cost;
• the banking systems;
• the national and international organism interested by the environmental problem and the

poverty
• the producers and the importers, of SPY materials.

", ' '

" 63.3 Genre:.

Duri'ng a part of the' evaluation we have seen that, an energy program and baSically a. PV program,
can not be well conducted withoutari impliCation of the 'women. ' For this reason the entire pV .
,programshould.,include a participation of the'women at.all:.levelCfor the village to:the'decisioM.',
.In fact-the first and the last user.of~heen~r~y. product is the W:0men.'Who use the:water"which.:',
, put one"the light and the tv, ? ,who use the medical center? etc... Fromour. point of\~v:iewthe' ,
women spent more time to use the product of the PV system'than the man. ' I :, " ~'~" \,,:"

7 CONCLUSION " 'i ,- ,:,- ..'{\,:" .'

~.,'. , .,
" .

In Mali the SPY are really incorporated and required to be use by the population of.th~rremote",',:.,
area.' To improve and increase the use of PV material we need: ':J;~.:);,:;' ': '

-.' <very goodqual ity of PV material in terms of cells, modules and systems;,:~";";-\ '
• very simple systemswith less maintenance;
.. very low cost material;, "
., adapted,systemsto the r~mote ,area,tJse;

.• avail~bility of the spare part 'every were at every time;
.' "availability ()f the local technicians.': , ' ''',

';":'. ,:'
, t..

'" ..,. ; -,

J .. '!-, " . ; ..

. }, .

. '. "',

,I
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. t- .• ,. 'COUNTRY REPORT,QN ,R~NEWABL~EN ERGYSITUATIO.N'

< ,

"

ByB~llo Nassourou
Electrical Engineer

Energy potential map

I ntroducti on:

Niger republic is a land-locked countrY with a dry tropi'cal climate. It covers a land a.rea of
1267000 km2 out of which about2/3 is desert. Agriculture and livestock are the main activities
Of the population. Niger is one of the poorest coUn~riesof the world with about aG DP cif 290 US
dollars per'capita ( data oJ 1990). In i996 its population is estimated to about 9.300.000
inhabitants.

, '

,The den,sityvaries'from ;2tQ,'80inh~bitantsjkm2.Thep~pulation"yearly incr~asing rate, is 3,3 %.
The rate ,ofelectrification is 3,'6~. ",', '

, The national energetic consu'mption i~ estimated to 1,2 million of TEP out of which 91% 'of,
ligneous combustible (wood, coal); 7. % of .oil products and 2 % electricity.70% of its 'electricity :
~emandisimported from Nigeria a.ndall its'need,infuel products are imported. '

Ho\Neve~our country is located ina are~'with renewable energies sources p'otential' mainly, solar, :;i "','
'energy (see map at annex).The government sectorial policies in the field of renewable' energyis;,:~','<.";,,:,
'focussed on harnessing renewable energY sources in other to alleviate hunger l'and' poverty.:,' To,:,)::', .'
'achieve the a.boveobjectives"the government plans to devel.opand promote rural electrificati6n ill:r, ,:' ..

order to prOVIde: ',:',' ,', " ' ,I', '" :'

Water for drinking, livestosk and irrigation;o. The development of small-scale in~ustries;
• The electrification of integrated health care centres.

, II~ Renewable Energies. , "

A wide, r~ng~ of renewable energy sources is ~yaiiable in Niger, out ot' wnich som~ are actual'ly
being developed. . ',' : " " ',' " , I, ~ ' • ' ,

• Solar energy; , '.' . ",' .
',. wind energy,; ,',,' :"

e " hydro-electric energy' , . , ..', t, ,,' ',. ""

.: .bioma'ss. ,.:',,,' ,'., , ..

2-1S61ar energy ." ,'.. "', ,> \

Niger is located between the'latitudes 12.oand23°northand.the'longitudes O!'and 16°'East., The
sun reaches'its zenith on the 22 AprIl and keepts thi,s positio'nup to 22augusL,', '

2,1"1 poter'1tial , , '
According to the country's meteorological data the annual averac:;lein~olationis about 6 kWIi/m2/j
for a daily average irradiation of 8hours.

2-1~2 Installations '.' . '
Sola~ energy has been first used in Nig~r in the Year 1965 b{ON ERSOl. ONERSeL is,a state'

\ \, :.

"

",

I
I

, I
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".institute thpt carriesoutreseai'ch,and development on the following solar devices: distillers, solar
cook~rs, water-heatersioven ; dryer; air coriditions and' cooling. Only water-heaters and distilfler
have been industrially developed, Under are tabulated the achievement of ONERSOL during the.

'I -', -',

last ten (10) years.

Table.1- Thermic So'lar Installations Produced in Niger (1986 - 1997)

ITEMS
Water-heaters

NUMBER
281

204
23

OWNERS
23Administration
Niger Private
Foreign Private

OBSERVATIONS

Burkina Faso, Benin,
Togo

'Disti lIers 43 OPT - SPCN
Garages

7
Foreigners Burkina Faso, Benil1

.,:'.:

SOLAR Cookers

Dryers, . Q,NERSOL
INRAN .
PMI, Privates
C,SI

33,

15

... ;,
"':., .~, j-! j •

,',
.jl'.!:,; ~ ,":i. :,' . , ,". ,. ',.

,',*' Photov'OJt.~'ic::;''" .
! ' : i i, ',', '~., ;,' ,: i :': 1:,:_' :',''j'' ." . ..' ,

" , . " ; ,.'. ..., : ~ . , " ..
~~In'thestreämof photovolta'ic, Niger has i"rnplemented'many installations in -thefollowingsectcirs:' ""

~ Com".1ullication: irstalled power~ lad Kwc • .... . '.:~,
• Solar pomp: installed power=236Kw . "f"

t.' .
'.:':I,ightihg, ventl.lation; refrigeration: installed power ='.30 Kwc' ",(," ..... '

, ,.," " . .." ... ,

. .', -, .~,
"'Communication'

" )ri'tbis.Ji~ld.photovol~TC is.useq to supply the followings:
'1"'<, '.

,,;:,; i)i-1e'rtzian:'~~iayfor <offiGedes postes et teledomrnunicat'ion <OPT):install~d power =6 Kwc.
. : '::.:i ,/he}if~tins~al;lati9nswas'~arried~üt d~rhig:'the"years1973 - 1974.' ,'. ""

, ~\',

. -,'. '''j.:': .::..,:'\)' ,,:.:" ',\ '. ',. ;' , ' .. ,'" . .''.>., iD El11itters statiol1sför the of:fic~de radio diffusion et television quoNiger <ORTNL
-,' ~',"'-: -.' ":' 5.~~. ".';' i , ::, :.~ "" -. <~~--,;:_' ".' : "<;0:. '."' --~' ", . I " •

'<:nD, T~I~p~ö~;ehati6n~:'~:"i' , ,." ,
.: .- " ',' . ",: . '" ", ' - - . ~.:.. .:. ..- . ' .. -.;: , .

,9 rural telephonystqtic>nsare installe'din order to improve the existent telecommunication syste'm;" 'e

'..' " , '[' ". . '. - "

/', i".,. . .", '.

iv) Therea're also .El1litter- Receiye(radio for seaurity forces and some rural p~ojects..
~•. 'r',!tl >,,;,I:'

e
"', ",t'.~,' ,... ' .. ':,.': :"'; . \"\.,' ". . : ", '. .; "' ... ~'

v) Commänitiest~levisions' c,' . . •

Niger has experienced schohi.r television since 1970. Sut it was only'on1979 that it has started ci:
, ,wide spread disseminati()n throughout the rural area. An,'over all of 1358 scholar and communitY

. . . I - ',' ' . '."

telelJisio'ns have been. installed within the whole country out of which 1200 are supplied by PV',
systems~ " ' '. " " . - ,

""'.',

t' ...•



..
. . ~. 1'.; ... : ~. ~ ... ... :.: ", '"i.' .... ~ '. '~l ",".'

, 1" • ~ • I" •• . .. : ;"

Table 2 -,Installed power in the'field of communication:

applications field number of installations installed power(Wc)
hertzian stations 46 95;98
rural telephony , 9 .. 2.94 '
TV Re-emitter

..
9 2.31

"

communities TV 1200 48
E/R radio 200 ' , 3
Sum 152.23

* Health
, ,

The first appli'cations have been carried out over,the' year)'980~F.rom 19ß~ to 1990many, rural
health care centres are supplied by PV system. The under listed,' p'rojects have financed the
electrification of these centres:. " \

.. ,
Table 3 ,~Statistic of health centres supplied hy PV ~ystem.'

. • J .

• Programme Sp'ecial Energy (PSE)
Centre regionaled'energie solaire;

• , UNICEF;
• FkW;'
• Le programme regional solai rei,
.' 'Le projet ALAFIA-
• AFRICARE et USAID;'
• La FAG.

'.", ...
.. [ .

. .;. .~. .'~ .

1.' '. :. ". ~, •

; J '

. ..~......,...
-( ,..,
....r ..

"
"

, , , .'~ ~~~~~'-
,.

"
, , . , .'

financing sources n°.of.installations end used .Installed power( Wc)'
PSE 33 , Iighting/venti lation 4~5..

PRS 15 .. lighting/refrigeration. ' 5.25
UNIC,EF 5 ..~-.. ' - lighting/venti lation/cöoli rig' 1.'.9 "

,,
" , ,

..
CRES 1 " "

,L,ighting/co6Iing 054 ' ,
-,'

KFW:
.. 9' : Iighting/velJti lafioh /c()olii;1g 4.5'" . '

,

'ALAFIA 18 ..
" IightingNenti tation;Coolingt' 10-:89 .. '0, .. .. , '

, ..
" E'~R'.. "

"AfRICARE 4 : cooling , .. : " 0.8' ;
, "

"

FAG", ,2 " -' .. "i'ghtlng, 0..6 ..,~ , '
.. '

U.SAID, ,.,." : 4 .. cooling , " 0.8 ,
SUM

.. ,

91 " ,
"

,
" " ,

, -

* Water pumping
." . - ~. .- , , I

" 1. ,

'CorDpared.to'telecommunication, theappli~ati6n$ in ~hissector:st~rted late.' ,The'firstapplications
havebeen implemented durI,ng the year 1983. Howeverthe ac~ioi1sin this sector are continuously
increasing'andhavereached by'1998.an installed capacity of 236Kwc"The table below shows the, ,
under-I isted projects and thei r results a~hieved between 1985 ~nd 1986. '

, "
" '

i
, I



..
Table 4 - PV pumping systemsituatiO'n

donors'
, W öf units installed power(l(wc) ,

FED/PRS' 66 111.245
DANIDA 33" 58.245
PSE 10 20.785

.FAC .. 9 12.56
CFD 3 4.80
FAO , 2 2.915 ,

UNICEF 2 4.4
'OTHERS 12 20.756
SUM 137 235.706

Tab.le5 - Installed,power in different sectors

Sector's " installed power(Kwc) : .'

commu"icatiOn ' .. '152
"

health , , 30
1 ",

Water pumping.
,

236
, sum /'\:',':,.

" 418
_I", ;' : r.:" ~'. ~,' '.j ,

. .
.• ": ". ." '. 'I,i_",'.,

, 2.3 Wj'~~,en.~rgy.:
, ,.' .•~ : ... ".•~.;.-' •• I •.

"; I

r,

2.3'.1 Wind p'otenti~I'>' ... . +'c'..

The "aiional agricultural research institute (INRAN), through the wind energy projects <PEEN)":"
has ca~ried out from 1987 to 1992 data measurement operated on 10 stations. :,Asla result 'a'wind'

",,:.;:, m~pdisplaying wind speeds'and directions from south tonQrth has been established. From these:-'
. 'data w,e::can'readthat Niger is iocatecj ~etween a: wind speed ranging from2.5 to 5rn/s.:These':' ,

figure s are convenienfforharnessing wind 'energy for small size wind electridtygeneration water:'
. . . - ,', ,,'" ,

.pumping and specially starting from the latitude 14"50 North: . . . ,
,.

i" ••• '

2.3.2 Install'ations and presentsituation :
Many types Of commercial wind generator have been experienced in Niger out 'of which. the i

fpllowirgmQde,lscaribe listed:'.P~rnpster; Kijito; CW500; Delta Deutch' industry. Only the CW500:'
hasbeeri lo~all'y produc.ed•. Alltog.ether around fourty (4;0)wind generators have been installed out:
of'whichrilore tha:h60% ~re off used; ',.. .' .e' .

, .' •...•.. '.. :, .. ',' ',""',' .:." ..... i,' t': .

:. .,:, 2.4 liydr9-elect.ri'c energy,' \ .'
>;- , .-'

, .' _',' '.,"" " • l ",
~. ~.

. '. 2;'4~.1'Potel').ti.?L. , .. .:. .. '. .. . " .' ". .,.
•• 0 •• The,hydro. potential'~"Is'rnainly 'Iocateq'"onri'ver niger and few on its temporary streams. The.:

.,. '''favor~ble'sitesJocät~d o'nriv~qligerare listed below:
" :, .', kan..d.adji'dam wit~' anin'stalled' capaCity'of 230 Mw

. .' -::'" ,' ..... \' . -', .'-".' . '

'" e", Garnbau dam with an Jnstalled capacity of 122 MW
, '". • ',' 0" ,- . -,.; ,- '. '1'

.ie . Oyoridyonga danfwith aninstal!ed capacity of 38Mw
" " .". ~-'1,., • ,': . '. ;.." - • .

,
i

t ~.

Mor~ve~ an EPFsu'rvey carrjed outduring the year'1967 has identified' some favou'rable micro
damsit~s'aiorg temporary streams of river niger' . .

.,:.,',2.4.'2 Installation'" ."
'",iTh'ere is up to today no hydroelectric ~am built in Niger.

'.... • c..'.-- .~..... , --, .. - ....~.....--,.'
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2:5 BiOmassenergy- .
t' '.,

'2.5.1 Potential ..
> Niger biomass potential encompassesfirewood, alJricultural residues, animal dung.' Without exact
statistical data, the woodfuel stock reserve i.sabout 15 millions hectares. The wood fuel is the
most important source of energy and is usedby more than 90% of the households. fts prodl:lction is.
'estimated to 953900 T'Ep in the year 1995.

The yearly eriergYpotential generated from agricultural residues( by-products of farming,' cereal
strawetc is about 73 Tj is lessthan 0.1 % of the over all:energy demand. Animal dungs are mainlY
available in slaugthtery, housesfarms, ranches. 'the yea"rly energy potential generated;from this is
about 1600 to 3800 TEP. .

2.5.2 Installation
In the biomass sector all the installations ir:nplemented are biogas. these resultsareachieved
through bilateral co-operations with France and' china. The over all number. ,of installation

.achieved.is 13 unfortunately none of then is presently operating becaLIseof-maintenance shortage
and simple abandon. ',' ", . .',.. " 'r' , ..",'

, ~ ~'.. .'
. . ". ..

I:xample:. In Toukounous ranch' the' generation of electricity th~ough combi'ne'dbiogas and gasoil.
achieved a 60% of combustible saving. " .'

Tqble ofbiogas installations
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I I I I nstltutional, Legislative, Regulqtion ~nd Fis~aI'iramework.
.' ";' - . '" I

3~1I'nstlluti onal framework, "", .-.' '
Three (3) types of institution are involved:

areas mimber Of unit' capacity(m3) ends used:, , .;'r .' .

Lossa I: 2 5 grinding machi!1e -,.,

2 3,
Lossa 2 " 1 20 to drive a generator r., .'. "

Chical 1 " 20 supplying a generator~.', . ', -
Ndounga 1 6' .. cooking '~ I. < '; :

,
.' .. ' "

Maradl 2 6 'cooking .'

Kirkissoye 1 8 cooking' .
"

' .

Toukounous,I 1 . 6 ele.ctric!ty:, "..
1 ~ " I ;" ..

. - 1 ' " '8 " "
.'

,
-

Toukou'llOuS'2 1 60' supplying a generator ..,
, ,

Niamey 2 6 coo,king/stereiIizati on2

" " " ... "
.. ; , . ,

"~um 13 - ; ,.- , ,

, . '. ,-'- "

....... ,
~ -,j •. '.,.,'

..
*public institutions - ." {'~'. "... ,'l ~ " .,', '.:

'The ministry of Mine and Energy through its de'partmenfof I;lectricityand: Re~ewable Energy is'
endowed to implement and-monitor the national policies as stated by the government> .... ' ,
National Centrefo'r Solar Energy (CNES), is involved in 'the implementatio'n of Rene~ab.leEi]e'rgy'
po!icies. It carries 'out research and development activities and ()wns'a fabric:'

* Private institutes .' .
. They are exercizing in the field of 'com,mercialization, installation and maintenance of renewabl~
energy installations. these are:
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..

:"NON:'Governmental'organizations
They undertake actions in the field of promotion, exploitation and development of renewable
energy through installation of PV systems, mass sensibilization and training: These NGO are: EDR;
ONVPE; Abdou Moumouni Foundation. '

3.2 Legislative, Regulation and Fiscal framework

There Is no regulation relevant to,heexploitation and applications of renewable energy; Renewable
energy',legislative framewo'rk is rather connected ,to the energy sector than to the technologies
itself.

Hencewe may meet sOf'!leprovisions influencing indirectly the development of renewable energy in
the following legislative codes:
.. - , . '

, .' ,Forestry; ...
• , " Electricity
.':wMer'
• Rural
., ','Commerce-arii:!cUstoms;:

.: ;

:1, IV- Develo'pmentprospective of renewable'energy in Niger
:..~. '

Taking into, account the national ancf:,interna:tionalawareness about renewable'ene'rgy;we can,state; c'
'.thafth~rewill:be a brightandsigi1ificant developMent oh'eriewableenergy dUring'-the'forthcoming ';,

!/,,"('::Yea~s., " " -';, ,':,;" .', , ' " '

t:':.' ..

:1 " ''''1 '..~... ; ,., . '!~•• "

".', .:. 'I;'

"Uhdet'this awareriesswecan remind:,

* At ~ationaf level: th'eeconornic 'recovery take -off programme. , '"" " ' ,
Through,this programme emphasited to reduce the gap of development betWeenurban and rural
~reas'has been' stated. In accordance to our 'national energy polices we believe that th~

,deve!opm'entof renewable energy can contribute to reduce our energy dependencyand contribute to
,environb1entpreservation and beyond promoting a sustainable development.

, *, Afwörld,l~vel ,', ,"" , , '; , ' : , '
'" 'T~king.int9 accounbthe proceeds of Rio summit held In 1992 in B~azil and' recently those from :

,Harar'e<'Zim~abwe) in<1990, vitherethe world solar programmes was launched w~are then,
'ccfnvinced that theactivitil:~s under this' programme are focussed on ,the usecfand the promotion of
, renewable energY'asa:mean to achieve;sustail1able development. After the 'world-Solar $ummitof' ,

Harare 'Niger has launched 'two demonstrative projects carried out by the cen,tre Natio/')al d'Energie'
"Solaire."'thetwoproJectstitleare:' '",'" '- " '

:,.', fntegrat~dsolar, vnlage;'" , ' " "
',. "'k,ighting,9qh~ee(3) ad4Itl~~r~ing centre~.
,.L;;. "":'." \, •

,i' *Weare,cohvincedth?t,Niger,'researchers, engineers and technicians must be fully involved in
• ." '. I',. - .

,,;', plannil)g ,dirnensioning; installatkm and maintenance in order to master renewable, energy,
~technologi'es.That is why C!'JES objectives are oriented to:
,. unde,rtake research and development activities for the used of renewable energy and ensure the

, vulgarisatiön of the, results., ,
• Participate'to the achievement of prospective surveys and diagnostics in the field of renewable,

'energy utilisation for economic sector. '

......

"
"
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• ,'P.artiCipat~ to promoti~n and diftu~ib~ of ren'ewable ~nergY:fn'qte'ri~ls;';"
• Undertake utilities service(engineering'surveys, PV system installation ete)

* Training
Already in the field of renewable energy some learning Packages are introduced in the syllabuses of
technicians and engineers from the school of Mines, Industry an geology (EMIG),' This high school'
is inherit from formal CEAO. It carl be considered as a sub-regional training reference centre.

CONcLuSION

Although Niger energy consumption IS weak and make ,use of massive traditional energies 'it
depends on importation to meet its energy demand. As a result its balance of payments is subject
to GI. heavy financial burden, hence reducing our daily effort to achieve the assigned objectives .

. , ~. "

Taking into account the above listed drawback effect many projects relevant to renewable energy
sector have' been elaborated ,and submitted to international donors who are not unfortunately'
urging in ac~epting or releasing the financial support.
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'SCIENTIFIC SESSIONS: i3 MA,Y 2Q()l

PV DESIGN AND APPLICATIONS
}

By R. 1. Salawu
EI1ctricai Engineering Department,

, University of Lagos,
Akoka, NIG ERIA

E~mail salawu@nse.org.ng

'1: INTRODUCTION .. ,
. ,...~.

)\., ;

... .' ;,

In'thispresentation weshall discl,J~sthe design qf PV systems: We shall us'e:examplesto'illustrate.' . .

the :;tepstaken in such designs. ' . , '" ,

, ,

, 2.1 Design of ,a PV System for a~ apartmentthat, requires'a power öf 300 Watts. Supposethe,
power is required for only 12 hours cl day. (i.e the duty cycle is I,? hrs).'

Daily energy required ;= 12x300,
== 3600 watt-hours.

Allowfor,system losses(usually 40%) = i440 Watt-hours

TotaL "daily energy required = 3600 :+ 1440 '
= 5040 Watt-hours.

. . ~'. .,', ....
'. \ '; ~. '

+: ::.

A.' 'Battery Sizing
'/... .. I

"Daily E~ergy require~enf. - 5040'Watt-hoürs
.., , ' Allow for ~ days autonomy , '~.5'040x5' = 25;200 '\iVatt-brs. '

AdcPO% safety factor, -.'25/200+:.7?6'9.,;=,~?760,W-hrs.
, Required battery capacity ','=32760 Watt-hrs ' " ,"
' .. Supposeal~-Voltsystem'isused/'thebatte"t'yÄ-hr': .. '

" ' , .: ,R~ting~' 32760 '~' , .... 2730,~r:npere-hrs;
'.' .l:2" ... ~. . .' . ~. '. .. , .'

Supposethe battery (40265 Deka Sealed battery) Ampere-h9urs
," , capacity = 265 A-hr. . '" .

Then No. of batteries in parall~1 =,' 2730, =li' No.
265

1.,'1

B. System Array Design
Module Specification - 5r'n55 (seeAppendix 1) ,
Panel power required = module power x location factor (4).

=220 Watt.
, Suppose insolation period ~ 7 hrs., ."
. ' Daily E~ergy available = 220x7 = 1540 \iVatt-~rs"

I.. ,' ..

.} "'.

'.:1,'" '.

\". ,l'
• '. I

, "

:i

I

i
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.. No of paneis in parall~lrequir.ed ::::Total Energy required
Daily available energy

:::: 5040 ::::3.27 (3)
1540

Controller SeleCtion

(i) Array controller
Arrayshort,'circuit current:::: 3.45A (Appendix 1)

Multiplication factor - 1.25 "
:. Maximum module current:::: 1.25x3.45
::::4.~.Amps .
Since there are 3 modules, Total maximum array current:::: 12.9A
Supposecontroller capac;ity is 30A.
Then wene~d only one array controUer for all 3 modules iri parallel.

,. ,(ii) Lo'adcontroller/Invert~r '
• ,.,,', ,':c'o'. ,iI' -' ;,' :', "

, ,pea,k lo~dcurrent,::::Total DC load Power
Nominal ,SystemVoltage,

(iji) Battery controller/Inverter'
• - .' 1 0." ., ',. • ~.~ •• •

Maximum DC Array Current == 17.2A. '
, therefore reqUiredbatteiy, Controller is 1No~.30A controller'

.,1

- , '~"T

I '

System Configuration: Figure 1," " , •"
,

Next we. sheill use recommended desi9n practices of Sandia Laboratories to go through' a few,
design examples.,

Design tableswi II bebrought along.
.... • ,. I - , ' "" " "

, ";. ~. ~, ,

. "
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,ENERGY SITUATION 'IN THE.GAMBIA AND SOLARPV APPLICATION
\'-,.0

. LAM,I,N A. M, NJI E
. ACTING PRINCIPAL ENERGY OFFICER

BASIC FACTS ABOUTTHE GAMBIA

*
*
*
*
*
*
*

Area:
Population:
Density:
Growth Rate:
GNP per capita 1998:
Foreign Direct Investment Inflows 1998:',.'
Total Net Financial Inflows 1998:

11,300 sq; km
.. 1.3 Million

96 per. per Sq. ,km
. 4.2%

$340 .
$143 Mil,lion
$36.0 Million,'

\ 0.,

. ENERGY SECTOR
, . .,. ..". . ,

the ,Gambia relies alm~st entirely onbiomass fu~ls -anc!'imi:>ortedpetr~leuni' productsito .meet its
energy requirements. T~e energy options are verY .limited for even the' once abundant fore.st
resources. are being depletedthro.ugh bush fires, farming. acti_vities and uncontro.lleo'. over
exploitati'on. .

The cost of importing petroleum p'roducts constitute an increasing b~rden on' the co~ntry~s~fo~eign':\:(:,,;.',-'
exchange reserve. ::.

"",'. ". -

Given the topography of the country, with an elevation 'of.uptOAO meters above sea',:level;.the-~-,~"
potential for hydro power generation is minimal. ,'. , , ',; :~~;'jl;:t.

EN ERGY POLICY
,,,.t"" •

;. '..;'~>~-.~..

,j, ••

The'main policy objectives of the ~ecto-rare asf~ll()ws;' _' . ._ ,'" .
• To provide reliable, efficient and affordable energy which isa basic pre~requisite.f~r any socio-:
. - econ9mic transf6rm~tion, -, .. - - .
•. Diversify th~ energyresou~ce ba,se, .•.. . :" . ,.:' ,:' . :";:''- ' . ,
•. Reduceour dependence',.onfu~1woodandpetroleum,pro~ucts . . :,

. • -, .En~ourage alternative l!se of petroleum products : - .- , ..
• ' To provid~ uninterrupted petrQle!-,n1supply' at affordable prices" '..' ' . '. , "" .\. . .' .~
~ - To encourage the use of renew.a'ble.ene'rgytechnologies, '.. : - " " '.:-. "'.' """
'. Removal'of customs duty on import of solar pa/')els,c . - :.' '.- ,,' :.....
• -. T<t cooperate with other.insÜtution,~'i'n the 'field. of reAewable' energy:' for. research and'

development, -'.' \
• Reducepressure on natural forest; .
• Increase reforestation and forest' protect.ion measures,'.,

STRATEGI ES .

• .' _to encourage'energy co'nservatiOnin households~trade, industry and publ je institutions,
• to accelerate studies concerning the,development of ren:ewableenergy sources~
• to continue prospectingforfossil-fuel deposits.

':. ' .



,. " to re,d~cetJle':ul")it,costof electricity, by burning more Heavy Fuel Oil and improving th~
Transmission arid Distribution of electricity,

e' to promote 'rural electrification
• to entourage private sector participation in the petroleum product procurement, supply and

distri buti on,
• 'to increase storage capacity and safety standards.

,ENERGY RESOURCES

The Gambia's energy r~source base is modest, it comprises mainly:
• Electricity

'. Petroleum Products
• ' Fuelwood
• Liquefied Petr~leum Produfts (LPG)
• Renewable Energy Sources

ELECTRICITY' "

...

PETROLEUM PRppUCTS: '
. ~',,' ,

'. ~-.-

This is,the secondmo~t imp,Prtant'energy source/' representing over 26% of total pri'mary,energy "
cOi1sumption._The total imports per annum is still less than 100,000 tons.

BUTANE GAS,

The 'GamQiaparticipated i8 a regional project that was funded ,bythe EU to promote theuse:o(gas
for domestic cooking. Today 'gas is highly consumed in the country.

," .; .. . '."'"

.....

....,;,-'

, UTILISATION OF.REN F:WÄSLE ENERGY' SOURCES.
• ; 1

•. " "I

,,::: There are ,opportunities fo/far reac~inga:pplication of renewable'~nergy technologies for:
" :,: .:,i'Phqto,v,OIla,ic:(f'\I) " '; , , ,.'" .' ','

,',': .,'" 'Thermal-e~e.rgy.. , 1 """,:J1

1

,';: •

" .'~~Wlnd'energy':,,'.,,~:,' i: ' , "
, :., Bi09.as; " "

" .' Biomass, "'" ' -,.
. ,

'SOLARPHOTOVOLTAIC(PV). . ,
"

~. '.

" -','

,.1 ..

+ \,

.::., ... .-.1' ...

\. " " -~

. .' .

PV,orthe direct conversion bf sunlight to electricity, is one of the most promising alternative .'
, renewa,qleenergy technolog~~sin this country. For the rural areas in particular it is the only way"
that basic electricity supply can be provided in the foreseeable future; PV is the main source of '
energy for telecommunication centres and relay station and for refrigerator~ and lighting in the-
rural dispensaries arid health.centres throughout the country.

, I
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IN TH E'DECENTRALIZEDRURAL ELECTRICITY PROGRAM M E'lN GUIN EA

, "

By M. Alkhaly Mohamed Tahey Conde
, 'Economic and,Financial Advisor

of the Minister of Hydrauli~and Energy
G,uineaConakry

The energy balance in Guinea is r:narkedby:"
• a low level of energy consumption per capita (0,5 tons of oil equivalent per year);
• a great use of traditional energy (firewood and charcoal) in the' final consumption of ~nergy

(79%);
• the big part of petroleum products (18%);
• a low ,levelof electric.~nergy consumption(2%); ,"
• an imp'ortant hydroelectric capacity of 26000gwh per/year poorly e)(ploited.. . ' . . . ..

. '. ". -. . .. '. '.'

Guinea.:Imports per year",'about' 500 0:00' to,ns: of oiiwf~h B" c6sto'( 120billion GNF (in:
US$60million). The country receives ,an, annual radiation about 2000/2700' hours, with an,
abundant sunshine. The daily.radiation is ~stimatedt04.8 kwh per m2<'

In 1994, in order to stimulate private' participation in the development of the energy sector, the,
Governrnen~ en~aged a progr~lmme of restrüctut:?lti~n by creating.two compar1ies; ',', ,. ".f. ':l~:tj~\.'
• a public company in charge of the physical Assets, equipments, investments, called ENELG UI; I .,"';'

, .:' a private company, SaG EL with the state participation in the capital of 33.4%,iri c:;hargeoff?~.:,,>I,

the operation, production, transportation, distribution~ commercialization:" ,>,After'. ba<;l.'/?:/',.',' " ,
performances (low productivity, loss of ,cash flow, poor maintenance, ,high price for, the".; ,,"', , :- '"
consumers), these two companies are now in bankruptcy. On a production of 600 GWH in":;::,/::,'"
2000 only 33% was sold, and recovered.' The Government is preparing their dissolution: to :':1' ,

:,' create anew company, responsible for investment, prodl!ction and commercialization. Let us:';:';:'
m~ntion that this conventional sector is only oriented, for'9% of the popl,Jlatiön.(7,500,000', ,:'

',persons). In February 1998, the ,Govern.mentdeCided in a Letter, of Policy to prepare a '
progra"1me of Decentralized Rural EI~ctricity~ with the assistance of partners in Development.,',
(~he WorlqBank, th,eGEF/Global Envi'ronment FacUity). ' ' " "

• ", , ... '. l" ~ '. •• • ' •

The Gqvernnientand several pärtnersrealize the new deal: the development of renewable energy is •
, quickjecon0tilic, clean, and sustäinaple. This. projed '~,pro.gr~nime '(five year in his, initial, st,age)
will ,be based'prinCipally on the promotio!1":ot~olar pO\Ner,,small-scale, hydropowe'r, and in ßome',:.,
caseswind power, and biomass." Thisnati9f1~lprogrqnirne will help to repute poverty/iri particu'lar'
in th~ rural regions, ~ural.e'xodl!Sito, 'improv~,the conditions of qvin~j'and eco!1omit production it),
rural zones~to stimulate agro-bi.isiness,smal I'IndustrY, and'eritl~rprises,to create jobs:~a'1drevenues,. '
to help women in de\ielopmentThis programme involves the private operatörsin, production,
tr.ansportation" distribution andcommerCiali2:alion,. i~~~e forms 'ofBuild-oper?lte~own.:(BOO) 0'1'

, Build-operate and transfer contracts. ' ' " ' ,
,',' "

The Government must provide fiscal indmtives' by reduCing taxes. An office "in charge of the
management of the project will, be settled before the end of June 2001. The BERD (Bureau
d'electrification Rurale Decentralisee/offite of Decentralised RUral EI.ectrificqtion), will organize,
information, databases, educati on, docunientati on, trai ning,qual ity' control, analyses, evaluati ons,
consultations, regulation, .standardization, feasibilities, studies, monito~,ing, planning, capaqity~'
building, meetings; benchmarking, expertise." ' I ",,', " f '

",: ~" .
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..In th~ pre$ent.time, R~newable Energyare.usedin Health Care .'Centers,' water pumping, .
. .. tE~lecommünicatioh,.radio, television, lighting,' food conservation, Education, for some public or

private equipments in rural zones/where '80% of the population lives. Thedilemma is tliat'in many
cases, the PV System doesnot reach the poors.

The programme will be launched in June 2001, with a budget estimated about U$16.9 Million (l

Million forthe contribution of the Government of Guinea, 5 Millionforthe World Bank, 2 Million
for the GEF/Global Environment Fund, 8.9 Million for the private sector).
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INTRODUCTION'

Raimundo LopesJaoa

Guinea-Bissau has one population of about 1.134.000 habitants, which is characterized by a
grovvth rate of 2,1 % per year. This makes possible his population to double every 30 years. The
average income per habitant is weak, of order of 210 $US per year. At the dawn of the 21st
century, the country yet presents patents signals of a deep u!1development,such as:
• The,predominance of rural communities,' About 70 % 9f population, that is 794~OOOpeoples

are living in rural areas; , " , , ", , , ,
• The very low rate of use of moder!! and renewable forms of energies. This rate is characterized

hy a very low level or consumption of commercial energy per habitant (approximately 300
ktep/year), a low rate of access.to electricity (8,5 %, which means 91,S % 'of the population

". " , - • ~ '.'- '.' . ~ l' • I' • > ' _'.

live o~tside of the reach of,eh~ctl-ic grids) 'and :Io~'electric :productidn per ha,bitarlt per:year
" (6,2 'kWh); , . " . : ' ..

• " The'destruction of the environm'entfor th~ satisfaCtion ofenergetlc needs; '.'
• The low rate of accessto others basic services, sQchas' potable iNate'r~health 'care, education, .

etc,

TH E.POTENTIAL I N SOLAR ENERGY
. ,

" ...

Becauieof his localization in sahelian region, G'uinea-Bissau is part, of the groL;lpof African ',<" ':.,!: ' ,\',

continent whose solar radiation presents',at very good level (between 1.900 and.2100' kWh/m2L : " ',::",' ,
This, plus the advantageously geographic configuration, of his land, means it has all parameters ;" ..
suitable for a broad utilisation of solar energy' " " ' , "

IM PLEM ENTATIONS ~' ,

In Guinea-Bissau, despite of the spreaded knowledge 'of the advantages and utility of solar energy,
as well as the other forms of. renewable energies, th~ir 'u~eisyet very'limited,to a few jJublicarid
private proJe~ts.

3•.1. PUBLIC PROJECTS
~. ..'

,THE REGIONAL SOLAR P~OGRAMME . ,'..

" '-Ü~Ülno~" ther~'sbeenonlyone~ingle ,large-impactP~bl,ic,invest~~!1t,proJect in'thefield'of solar
" e~er9Yi the Regional Solar Programme; better knownby'the French/Portuguese acronym of. PRS.

Tni ~proJect was e,xecutecfbyelLS'S' betWeen1994, and 1996' and'wasfi hanted, by 'the,Development.- .-

European Fund; The PRS was implemented i!1 theEast~mregi;6ri on the behalf of the Ministry of
Energy" Industry and Natural Resourcesand has benefited in majority the Muslim communities.

" ,. . . '.

The two main prinCipl.esthat guided the establishment of PRS have contributed to'major'changes
'in national policies, mainly in the field of potable water supply in remote rural communities. Those
prinCiples was:

The implementation of the concept of responsibility in the concerned communities In regard to' the
~ommon. hydraulic infra-structures of potable water supply, aiming to reduce recurrent costs

, related with the mariagemento{ these infra-structures anq the renovation of sor:necomponents of

,,'

.!



thesy'stem. • - • • •• ~'" - • 11 'f' I ,.

The dissemination of use of photovoltaic energy (pumping systems, 'communitarian lighting, etc).

The project hav'eequippedJ1 centreswith simplified potable water pumping sotar systems as well
asJ 1 communitarian lighting systems in the mosquesand permanents centres of education.

,.The total power installed by PRS is of 36,4 kW. The PV panels are from SIEMENS (module
M50-S; power: 5.0 Wp) and inverters from SOLARTRONIC (type SA-1500; power: 1,5 kW/3x65;
frequency: 7-63 Hz). The batteries are ,from VA RTA and pumps are made by GRUN DFQS (type
SP.5A-7; power:500W;debit: 2-19 m3/h).

The secondphase ofthe PRS project is in the preparation, which will aim the followings objectives:

Thedeveloprnent aI')d,rnanagementof supplysyst~m of potable water that provides a long lifetime,
,of i!Jst~lIations according to the institutional, conceptual and organizational plans;

, The.optimisa~iQnand adaptation pf the,lstphase syster,nsto the national strategy;
l ~

The installation. of new,sys,temsQf supply of potable water that correspond to bothl.ow'cost and,
,.affor,dable demand,of the rural population. '

HEALTH

"',<,Jhe.Ministt:yof Health have been using Pv'-basedsystems in,the.he~lthcentres and dispensaries"
,: located' in remote areas to provide energy to the conservation of medicines andvacdns, as welL as:,',

feir.night lighting.
" ;;

It i5.estimatedat about 1(5 kWthe.total power installed.
. ,

TELEcoM M UNICATIONS'& OTHERS

. National Telecommunications Company has also made use of pV-based systems, mainly as source
ofe!1~.rgYiin his r;elay staÜc)ns. About 2,5 kW of those systems has been installed. ,The technology;
is,from both BPSOLAR and TUDOR'and the batteries are' from OLDAM. '.

:Nati,onal Navy.fs alsö,usinQsolar enerc~wtechnology in his radio stations and in Ii~hthouses, but in .
. small scale. .

. -. '.~'. "

>' .

' .. 3:2. '. PRIVATE PROJECTS
• • ""." ,. ',' <

, " I, , .'_' - -,",._ ,." . ~ .': ."" '. .: ',' . . ' " ,'.- ~ . . •

'AsJh~,Gover;,ment and pubiic'ihstJtutieins aretaking.action in the solar energy sector; the p'rivate:::. ","'
se~torha~, also began using 'this t~chnology: . .

,
• '. _' '_: .. _, ," "', ,_ ,'. I, . .' . _' " .'

" Entities such as Catholic: Church, Non-Government Organizations and individual have made large
..... use of PV-based systemsin"theirmis~ions and projects'disseminated in the co~ntry, namely for

, water pumping, lighting, communitarian TV and battery charging.

, PER.SPECTIVES
,

Asitis,stated in ttie Letter of the Government:Policy for Energy Sector, becauseof the low country
": electrification. rate and in order to guarantee minimal conditions of quality in the life of the .

. " 'popLi.latjons, it must, be considered, at least for while, the creation and diffusion of sola,r

I



..

e-quipm~ntsJor ~ollective us~,as well' as to' motivate peoples to use'solar technology as way~to
. I '. " " .'. '. ,.' ".' . ," .

improve quality in the family life and also to the .creation ofa .small network and mar.k~t of these
equipments.

For everything that has been said, it is estimate that the overall power installed in Guinea-Bissau
based on solar technology is about' 43 kWp.. This number may increase significatively due to the
followings raisons:' .

The implementation of the National Rural Intervention and Electrification Program which studies
of feasibility has been lead by the' High .Authority for Energy and Water .Supply. Mainly, this
program preconises the electrification of about 88 rural communities based on solar technology
systems, having at the same time a strong, component of envirohment protection. r't is planned to
benefit about 100.000 peoples;

The proliferation in the internalmarket.o'f priyateenterprises specialized in trade and execution of .
. technologies of valorisation of renewable energies, m'ainly the photovoltaic one; .

The increasi~g public demand 'önsolar "panels as ,'way to cover. the.deficit created by the low
. ava:i1ability of public power suppl~.as well ~s'fo reduce the high'>'costs.ofruhningand 'rmlintaining

of private diesel generators. .

........ ~r.
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Splar, energy fonemote,areas in Benin':
'., ,. • . "!. ~ ' " .•

-'J ',' . '.'

• ,I,'

By Mr. Daniel ASSOGBA
Direction of energy (Benin)

The population of Benin Republic is about 5 millions inhabitants for a surface of 112 622 km2.
70% of the population are in rural areas.

The structure of energy consumption is as fO,llowat 1996:
Wood and other field wastes 72 %
Hydrocarbon 26 %
Electricity 2 %

. ,, .

The use of solar photovoltaic energy as a primary source it weak in spite of the solar i'nsulation '
which varies between 3.9 kWh/ ,m2 day irfthe south to 6.2 kWh/ m2 day in the north of the
country. The electrification rate isaqout-18%:: Many 'remote communities' apd sites can't n,eve'r

, have electricity because,of funding prob~ems, the 'large distClnce between' na,tiona!.grid :and,the
" weakness of their consumption; 'H'owever, those last years have seen some solar photovoltaic.

applications for rural communities to bring to them well~being and progress under .a'u?pic~sof the
government. It is called "solar-villages", There were others applications in telecqmmunications~

village hydraulic and public health.

Il "SOLAR-VI LLAG ES" ,"r. •

.;,•• ,J.

The 'government project callee! "Improvement of,well-being in rural. areas" funding,'by the'f'. ".,::;'
government and rural communities for respectively 90, % and 10%. ", :' .,.I '

The use of photovoltaicsystems is summarized per.application to:
• water pumping installations; ','
• elementary health centre; ,
• .!eisure centres(lighting, audio-vis!Jal ~quipmeht); ,
• community(schools, public-paths) and resid~nt lighting. ,..

.. " ..:,1. '.,' ...' ':.

. ,

'.' The criteri~of selectio,:\,of 'a village as "solar-villa~e" ~re: .
• population of the village lower than 1500inhabitants; ,

. ' . . . - , ' , . '.
• village far from national grid; -. ."
• no-existence of ~lectrificationplanJn medium term;

, • ;' exis.tenceof drill ing with good;char~cteristics;
,. exi~tence of school, he,alth~~n!re; I~isu~ecentre, m~rket; t6~n hall.: .... ;

•. existence of funding iristitutions; .
'.: good lev,elof organisatlonoHhe'inhabitants.':

The solar village is managing by ci local committee elected by the villagers. 'Maintenance and'
, repair may be paid by the COmml,lhitiesthemselves with incomes from watersale,leisure' c~ntres
'and indi.viduallighting. Equipmentphotovoltaic systemsfor each village t}lpe is as follow: '
Orink- water pumping 1050' Wc ' ,
Capacity of the tank 12m3
Number of fountain 3
Photovoltaic array for leisure center 400 w
Photovoltaic array for heaith center 600W

:.' ,

. :.~ '~. ....

' .. ' .. '\

" .1
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.•Photovqltaic array for Sc~ool
'Ph.otovolta)carrayfortown hall'
Numberof public lig'hting' (10.) ,

Number'of portable lamps (50. )
Individual kits (15 )

3Do.Wc ..
1.0.0.Wc
1'0.0.Wc
350. Wc
750. Wc

'..

We have now eleven solar-villages. There is a program at short term funding by Islamic
Development Bank. The studi.eswere performed. Tenders were invited and the completion date of
the plan will be November 200.1. A sum of 240. kWc of photovoltaicsystems will be set up in 24
villages.

There are some problems with solar villages.
Failure of solar panels during periods of excessiveheath.
Battery problems: decreasing perfQrmance up to failure and lack of,maintenance.
Thec?pacities of drink-water pump installations are too low.
The portabl(; lamps with. batteries a're not very reliable.

, . The neQnlamps suffer from black internal deposits
,'. ••... '. ' .. l"

.. ': Tbe'<:o~ve'rtersfreq~ently,fai I to, function. . . . .
Ther.~,ar~many'pro~lems'withthe 'local management corrimi~tee:

" ,

". r •

Th~>esponsibil ity of supplie'rs and user~ aboutthe replacement of panels or other components of
-PV,installation is not clearly defined/so that maintenance/fails. Cashing. of money fails also
through all sorts of reasons.

Tablethat follow presenV'sola,r-villages" financ,ingby the government. I. , ." - ~'.

, ..

,Departments Sub'prefe~tures' , Years .......... 1. Villages.' ' Costs,(FCFA)
:.Atpc9ra, ,'.' ouassa-Pehoupco,'.' .' , 1998 Ouassa-Pehounco'. 2650.,0.0.0.0..

Bor:gou Bembereke 1997 Beroubouay 2650.0.0.0.0.
So-Ava. 1997, . Houedo-Gbadji 230.0.0.0.0.0.

. Atlantique Ze 1995 Sedje-Denou 220.40.0.0.0.
Plateau Pobe. . 1997 Towe 230.0.0.0.0.0.

<- Athieme '. 1998 Dedekpoe 655950.0.0.
Mono Dogbo En cours Ayomi.

"

270.190.0.0. .. .
'Couffo AplCihoue 1999 Djotto 549250.0.0.

Dassa-zounie
..

1992' , Soclogbo "
. .

54780.0.00.
Cbllines Savalou' 1998 ' Kpataba., . 10.553650.0.,

Savalou En cours Gob.ada 1184590.0.0.
" '. ," .., . , ".,

, " .11/9~HERS APP,LI CATIONS .
..

"",' t" .• -' ,.: ;"

-," ,-

.. ';".

....

- r"

.Telecommuni'cationÜ5o.kW'c)." " ;
. ,. . . .~ .

. In ~~m/15o.kWc has been set up for Post and telecommunication OffiCe <OPTl,to ,take the: placepJ" i

, many' diesel groups in remote countries. .Those photovoltaic systems are used to supply radio ".
relay/rural telephone systems and ,buoying pylons.' Other. small photovoltaic systems has been set
up 'to supply transmission system in'many town halls.



Vil.lage Hyc:lraulic (l00 kWc L .,' , "
Directiori of Hydraulic has achieved in many villages of Borgou. and Atacora,as well as i,n lake
areas of Atlantic smallest networks of water canalisation by photovoltaic pumps.

Public health (SOkWc ).'
Many villages health centres has been equipped with refrigerated s~orage for vaccines and ice
supply for their transport/as well as lighting systems for childbirth and consultation rooms.

Resident electricity supply (l0 kWc )
Regional Action Centre for Rwral Development ( CARDER) has achieved electrification of many
houses in Borgou area by photovoltaic system for 10 kWc.
We didn't take partiwlars photovoltaic systems into accpunt.

Conclusion

In Benin solar energy is available.The're are many applications for 'lighting, pumping/cooling,'
telecommunications. 360 kWc of PV systems are already installed. 240 kWc will be installe~ at'
the end ofthi s y~ar.

..
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,TECH NICAL'OOSSI;E'R}=ORTHESUPP,LYANO
INSTALLATION OF A PHOTOVOLTAICSYSTEM

FOR TH E DISPENSARY , ,,'
IN THE VI,LLAG.EOF DJENO

GEN ERAL DESCRI PTI0 N

.'

i.

, ,

The photovoltaic system for the propo~~ddispensary in Djeno consists of.thefollowing components:
• 24 photovoltaic (PV) modules of 50 Wc
• 1 24-V control unit,formed by 2 SiGMA-load regulators
• 1 battery, 24 V 400,Ah, formed by 8 Sonnenschein Dryfit Solar Block units 6/200
• 1 hot-galvanized steel supporting structure for modules
• 18 fluorescent lamps, \\Reglette" type; 13 W 24 V
• 5 weatherproof fluorescent lamps, 18 W:24 V .
• 1 refrigerator,24 V 100 litre~
• ?junction boxes for, PV mOdu,les,;., ,
• 1 set of leads and accessoriesfön\liririgi', "

. "

The 2junction boxes,'the leads and the ac~essories(switches; S~alljunctiori boxes, fixing of le~ds,
etc.) wi II ~e at ELECTRA's expense. Forinstallation,all the ,di,rections shown onth~ attached

, drawings must be exactly followed. 'The system has been studied for installation in sites'farfroni
the network and each' component ,has been'devised for highly rei iable'. running, adaptable to all
climatic and environmental conditions. For all tech'nical data of the' various components;' see 'f

attachments. .. '

CHARACTERISTICS OF TH E SYSTEM

~hesystem has beendesigned to supply the following items:

:IV',,

"

• :.l ..

Item'
_5 fluorescent lamps 18 W 24 V

1a,fluoresce'nt lamps13 W 24 V
1 refriger,ator, 24 V)OO lit:
Energy consumpti.bnWh/day

Watts
, 90

234,
60' "

.day hours': .
1

,1:
9
1364, '

. night hours
3
3
6
,1332.

.'

As described in the table, for each item the hours of operation indicated have'been foreseen; '.
,The system is formed as shown in.the.'attached drawing\\.GENER~LELEQTRICAL SCHEME", ' ,
OWg. WOWSP/l.. . . '. ' . ';, '

..
'.CHA~ACTERISTICS OF TH E PHOTO,VOLTAIC'GENERATOR"

. - .- . ; ,
< • ':':',' • • J, , " , "

'The photovoltaic generator is made up of 22 modules; each of 50 Wcpowedor a total installed
power of 1100 We. "

. The 42 PV modules are subdivided into.z sub-fields:
I , • • . •

1 sub-field consists of 12 modules, in 2 paralle! lines (12 V), each of 6 modules; 'the series
connection is in the junction box (see Dwg. W DJOSP/2),
1 sub-field consists of 10 modules, in 2 parallel lines (12 V), each of 5 modules; the series
connection is in the junction box (see Dwg. W DJDSP/2L I

!
'I

!

" ,
I



All the,juHctionbQxes ar¥'fixeo to the,süppprting structure.
. -' . . . ..

I,

CONTROl PAN ELWITH TWO lOAD REGULATORS

The control panel isas shownil1Dwg. N° DJDSP/l. Both load regulators proposed are co.ntrolled
by a microprocessor with specific software for managing all the following functions:
• control and regulation of battery load
• control of'applications
• alarms and signals
• correction of load-end voltage by,temperature probe
• mea,surementOf current discharged by PV generator and consumed by appl ications, .

• measurement of voltage.

The entireeleetrdnic cirCuit is of solid state type.

Display of operation and of alarl11sis performed by LEDs.

• , .' I.- •

. MI the,c'omponentS'arecontained in a plastic housing with degree of protection.! P55 to guarantee'
':" ;::, the n~cessaryprQtection against'impacts, water, rusting; etc. For lead entry there are c1amp~to
'::" ",,' ensure the 'necessary seal:'

, i SUPPO,RTS

The supports ar~ of modular type and are as shown in Dwg. W OO-DD-M-246/4. The supp0rt:S,Will
1 beJoined to the anchorage l.,Initswith 'stainless steeLbolts and will have a fixed inclinatiö'n of 15° in ' .'

.relation to the horizontal. axis. All the elements will be of hot-galvanized steel so as to be highly -',
,i'l"Cbri'osiQnresistant.' , ,-'

I.

BATTERIES " "

The' batteries are watertight and fixed, of SONNENSCHEIN DRYFIT SOLAR BLOCK type~.
Characteristics ofbattery:24 V, 400 Ah. A battery consists of 8 elements of SB6/200 type, each

" of 6 y anq200 Ah. The8, elements are subdivi.ded into 2 batteries, each of 4elements connected:
in seri.es,producing '24 V and 400 Ah. The batteries will be housed as sQownin Dwg. W DJDSP/3
arid 'venti lationof. the room w(1I be necessary., ' .'; '" '

WIRiNG
" . ," . "(, { . ... - ,

The'wirfng used'will be of NiVV-K or FG7 type. The section is'as shownin thedrawin9~.
, .~ J • , ....,~. , ,

.' L.IGHTING
. -.'\ " I

The Iight,in'gwill havethefollowing characteristics: .
r '. c '. ~ .' • • .,.: 'J', " .' i ' ,j...

,. .

; ~,TECHNICAL CHARACTERISTICS OF BALLAST
Rated supply voltage' 24 V

, Ma,x. rated power'~ .' 13 \tv or 18 W ,
Range of working:voltage 10-15V

. Admissible ballast currentO. 72 A
Ballast no-load consumption Nil
Ballast perform'ance > 75%
Ballast frequency 35 Hz

'.Total number of lamps 8,000

,", "" .',(,.':.

• \'0;'



",

"

:.,bp,~ratingJemperature
Admissible moisture riüe
Ballast dimensions'

. Polarityin\iersion protection ~

. Type,'of protection
Protecti onagai nst short-ci rcuiting
Type of prot~ction
Welding of tube

. Güarantee:

..

" ,'" ~ .: .~, ,

.. "".~:.:10°C ~;+450C' :"',' II,';, .:..\ ....

:' 9Ö'Yo .
, .,:'.In'stalled in housing .

Yes-
Diode
Yes
Fuse
With preheating
24months

TECHNICAL:CHARACTERISTICS OF TU B~ ,,' ,
Brand. , .Philips or equivalent.
Power 1.3W or 18 W .

" Guarantee6 months: .f .', ,

," .

, ., ,,"

CHARAC.TERISTICS'OF HOUSING
Mai~rial ' ..
I ndex,of pcrotection ,

. G4~rantee.. " ' .
. :. Pr'ptectiOriagainst corrosion

. Dimensio'l1s' . .

'. -.

.' Aluminium. '
:' ;:' :: (P40 (IP65 'for outdoor 'instaliatio'n') "," .J', .. ' ,,'

.'. 2'4 months ,. ... - ,' .
" Ye's".':.' ," c, ,.

25 x 35x 389 mm

.....

LighÜ\l9 unit$ should be. installed as shown rn.Dwg. 'w OJD~ P/3:
, ' . ,., , .; .. '.-,,' , -.' . ,.

, . ~' . . .' ~
. .' .

R,EFRIG ERATOR

"

\ ~ \ . . . . .
The refrigerator us~d~as been c!esigne~fo(a ~ontinuous~urrent sy~t~m.. Th~ supply 'volt~ge' is?'4 .
V" capacity is 115 litres and power is 52 W.. To be installed as sho""n in Dwg,' W DJDSP/3., For:
other characteristics, seeannexes, . ',' :, ' 0 " , ';, .. :,', ,,",'

"'.1.,11 .!., ,
,i

,"" . i

"', .
, . . _, 'I' .. ,

- D~g. DJDSP/l-.Generalwiringdlagrarn' ,~'" ',', . " .
'.-Dwg ..NJDSP/2-Diagramshowingconnectionof modules" ., ", ,.

".., "--Dwg. NJDS Pi3 - JndicaÜvewiidng:of j'rghting:and,:r~friger~tor~~yste'~i,\
~Dwg. OO-D~:M-246/4 ~Structure Jor Dje~o dispe,nsary , .

DOCU 1\11 ENTATION RElATIN~'Tq' PRODUC~,S '0 ..

'- Photovoltaic Modules. . •.,',', .' ,' . .' ".
~"Load.Regulator I, . \

,~Battery', . , ... /,
.'-~efrigerator.,

~, '

I'

3.0AN'N EXES:'

, . j~'iDRAWING,S':
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TECHNICAL DOSSIER FOR THE SUPPLY AND
INSTALLATION.OF A PHOrOVOLTAIC SYSTEM,

FORTH E SCHOOL
IN TH E VILLAG E OF DJENO

G'ENERAL DESCRI PTION
. .. . ,

. The photovoltaicsystem for the proposed school in Djeno consists of the following components:
• 8 photoyoltaic WV) modules of 50 Wc
• 1 24 V control unit, formed by 1 SIG'MA load regulator
• . 1 battery, 24 V.200 Ah, formed by 4 Sonnenschein Dryfit Solar Block units 6/200
• ''1 hot~galvanized steel supporting structure for modules
• ~ fluorescent lamps, "Reglette". type, 13 W 24 V

. '. 8 wefltherproof fluores'centlamps, 18 W 24 V
. • .',' 1 junction bdx'for PV,modulßs' . '
;.•.,'.... I,set of. leads"and,accessor:iesfor wi ring'

.. '; , •• ., . '. \ ,<"

! ',' '-',I .' . ,', : . , . .

" .•' .'.' The junction box; )he 'Ieads'and the accessories (switches, small junction boxes, fixing of leads, '
. . etcJwil1 be at EL~CTRA's exp'ense. For installation, all the directions shown on the attacheä-',
", drawings must be.exactly followed; , . '

-' . : 'The systernho:s:b,~en,studie~for installati~n in sites far from the network and each component has'
. Qeendevisedfor highly' reliable' running, adaptable to all climatic and environmental conditions,

;: 'F:orall tech'nicill dil,t~ 6f the'vari~us components, seeattachments',. " i, ." , ,:.,',

CHARACTERISTICS OF THE,SYSTEM

'-'

,;

., '

'. l~, •. ".

. ,

The system has'beendesignedtosupply the following applications: '. • ~ ;, I, ." ,t

"

'Item:' i";' .

, 8 fluorescentlamps 18 W 24 V
5fh.iorescent'lamps13 'IN 24 V

Watts day hours night hours
144 1 2
52 1 '3

,". I

Energyconsumptiön Wh/day' ' , 196 144 .

'As described in the'tabl.~; for each item the hours of operation indicated have been foreseen...
. The,system is formed as shown in the attached drawing \\GENERAL' ELECTRICAL SOHEM E",'

Dwg, W DIDSP/l. .'
•• " .'J'

CHARACTERISTfcs OF TH E PHOTOVO~TAlC GEN ERATOR
,'f -.,

, .' ,~ "," '.'

The photovoltaic generator is made up of 8 modules, each of 50 Wc power for a total installed
power of 400 Wc. '

The 8 PV modules a~e subdivided into 2 parallel lines (12 V), each of 4 modules; the series"
connection i.sin the junCtion box (see Dwg. W OJECO/D

. ,
, ,

The junction box is fixed 'to the supporting structure:'

, . ,
. .

______ .,__. __ ,_~ ..-:.. •.__L--._~:_." ._'~. __ ~. ._'_...:.._':"'__,..,_ ....;. ._,. ~_.,:.._..__~ "' __ ~.~ _. _

.. ~, .. ~, .;
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'LOAD REGULATOR
I ,

" . ,..' ~ ,.." .... ", ~

, ,

\ '

The load'n;g~lator proposed is cdn~rolledby~a microprocessor with specific ~oftware for managing
all the foUowing functions:
• control and regulation of battery, load '
., c6ntroi of applications
• , alarms a'ndsignals
• correction of load-end voltage ,by temperature probe
• measurement of current discharged by PV generator and consumed byappl(cations
• measurement of voltage. " .

The er]tire electronJc circu!tis of solid state type.,

Display of operation and of alarms is performed by LEDs.

" ,

All the components are contained in aplasticnousing with degree of protection IP55 to guarantee
'the netessary protection, again$t ill1pacts,wa'ter, ruspng"etc.,
For leadentry,there are clamps to' ens~rethe 'necessaryseal.

"" .
, ,

SUPPORTS,'
. ', .., .

• , '.' j ~•

The supports are of modular type a'nd,are'as shown in Dwg: W OO-DD~M'~246/4.
nie supports will be joined 'to the a'ncho'~ageuhitswith stainless ste~1bolts and wiÜ',haveafixed

, inclinatiol1,of 15°in relation tothehorizo~tal axi¥. ','. ' '" ,'~\r-i.., '
".A"II the: elements will be ,of hot-.9alv~riized. steel.~o as tq be. h.ig~ly'c.o~rosion resist~nt. ",'~ '1'.:,~'.1.:

BATIERY

The battery is waterl;ight and fixed, of SONNENSCH EI N DRYFIT SOLAR BLOCK,type;; "," :{W''',i.,'
Characteristics of battery: 24 V, 200 Ah. . ' " . ..,'.:'.

, The battery consists of 4 elements of SB6/200type, each of 6 V and 200Ah, connected,in series to:
obtqin 24 V and200Ah. . " '. ; :"

, The battery will be housed as shown; in Dwg. W DJDSP/3 'arid ventilation of. the room will be:
necessarY.

I', •

, "

: WIRING'
<I,.

, ~;

The wiring usedwill ,beof .N1VV~KorFG7'type. The se~ti,onis as~hown,in the drawings, " .;,

, LIG HTING

. The Ii~hting will have the following characteristics: .
• I

TECHNICAL CHARACTERISTICS OF BALLAST'

, ,

1
. I

.. !

"I

Rated supply voltage
Max. rated power
,Rangeof working voltage
Admissible ballast current '
Ballast no-load consumption
Ballast performance
Ballast frequency
Total number of lamps
Operating temperature

24 V
13 W or 18 W
10-15 V .
0.72 A

, Nil
> 75%
35 Hz
8,000
-10°C - +45°C

, !



"..
"Adml$sible mo'isfure rate',

Ballast dirhensions ,
Polarity inversion protection'

Type of protectibn
, Protection against short-circuiting

Type of protection
Welding of tube
Guarantee

90%
Installed in housing
Yes
Diode
Yes
Fuse

, With preheating
24 months

TECHNICAL CHARACTERISTICS OF TUBE
, Brand.
Power
Guarantee

Philips or equivalent
13 W or 18 W
6 months

'CHARACTERISTICS'OF HOUSING
Material

'Index of protection'
'Guarantee" "

Prbtection against cor'rosiGn '
Dimensions "

Aluminium
IP40 CIP65 fO'r outdoor in,sta'ilation)

, " '24 months
Yes, ,

25 x 35 x 389 mm

',~ I

. I .. '.
)' ,,'

. '.\

I, • '1- ~: .

lightirig 'units should.be installed as, shown in Dwg. 'N° DJECO/2

:rO'~LNNE:XE'~.,"';:
\: ,,.':,'._; .{..::,;'.;'.;':, ','" I ~.) ,:~

'•., ~
U:

, \. "':'
;' , ~
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" '3.1DRAWINGS , ..

, '

- Dwg. OJ ECO/l ~General wiring diagram
, -' DWg. DJ ECO/2-Indicativewil'ing of lighting system

- Dwg. 00-DD~M-247i3~ S1:ruct~reforDjencischool

"

,-,,,

.~, 10"
, .; •.-j" \.

~ . .. -,. . . - ,, . . . ~ .
, 3,2 DOCUMENTATION RELATING TO PRODUCTS

- Photovoltaic Modules'
,;' ;,' ,~Load, ~egula:tor ':

~,Battery.

\.
, . -, .
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TECHNICAL DOS'SIERFOR TH E SUPPLY AND.-
, I NSTALLATIO'N Of -A' PHOTOVOLTAlC SYSTEM,;

"mR'TH ESC:HOOL . ", ,
IN'TH E VILLAGE OF DIOSSO

GENERAL DESCRIPTION
. '

The p~otovoltaic system for the proposed school in Diosso consi'stsof the f6Ii~wi~g compqnents;
.6 photovöltaic (PV) modules of 50 Wc
., 1 24 V control unit, formed by"l ~IG MA Iba~ regulator

, • 1.battery, 24 V 200 Ah, fOrmed by 4 Sonnenschein Dryfi't Solar Block units 6/200
• . 1 hot-galvanized steel supporting structure'for modules,
• 6 fluorescent lamps,' \\Reglette'; type"l3 W ,24 V .
• 2 weatherprooffluorescent lampSjÜ3 W:24'V

,.l;jundionbox for PV modules: 0;- . , ,~
• 1set of leads and accessoriesfO~.wi'ring

.(. '.

'The jun~tion box, the leads'and theaccJss~ries(switche~~ small junction boxes, fixing of I~ads~'
e~c.) will beat ELECTRA's expense,' For installation, all the direction~ shown on the attached
.drawings must be exactly foil owed~'; "

p ,

The system has been studied fo ri tistallati orli n ~itesJarfrorn the' netwb rk and eadrcomponent has'"'" ,',
been devised'for highly reliable running, adaptable to 'all climatic,and environmental conditio~s.~'L':'
For 0,11 technical data of the various' components, seeattachments. ' .; ,"~,."..,.;

, (

'CHARACTERISTICS OF THE SYSTEM

The system has beendesignedto supply the following applications:
.'

. , J,

, .,::;-~~.-.d'~'
, ""1~ 1

.~:.
'i;~~~',tl. ~f," l

,(

Item
2 fluorescent lamps 18 W 24V

','6 fluorescent lamps 13 W 24 V

Energy consumption Wh/day':

, ,Watts day,hours night hou'rs' ,
36 ' 1 ' 2., '
7a ' l. 3'

306

As,described in the table, for eachitenHh~ hours ofoperation rndic'atedhavebee~ foreseen.
The system is formed as shown,in the attached drawing \\GEN,ERAL WIRING SCHE~EI/, DW9.
W DIOSECO/l. ,'," , , . ",' ' ..., ,'-

CHARACTERISTICS OF TH E PHOTOVOLTAIC GEN ERATOR
" ,

...... , l".j, .'

I
I

'j
" I

. The photovoltaic generator is made up of6 modules, each of 50 Wc power for a total installeq
power of300 Wc. '

The 6 PV modules are, subdivided 'into 2 parallel lines <12 V), each of 3,modules; the series
connection is in the junction box (see Dwg.W DIOSECO/I>

The junction box is fixed to the supporting structure.

I
I



'" LOADR~G ULATOR .
'. ,

, \

,.
l,.

,. :~,. • t

Th~load regulator proposed is controlled b'ya microprocessor with sper;ific softVvarefor managing'
all t~e following functions:

',.' control arid re:gulatioriof battery load
'. control of applications "
, • alarms and signals
'. ,correction Of load~endvoltage by temperature probe
• measurementof currentdischarged by PV generator and consumed by applications
• measurement of voltage.

The entire electronic circuit'is.of solid state type.

, Disp'lay of operation and of alarms is performed by LEDs.

AI.I'~hecomponents are contained',in aplastic housing with degree.of p~otection IP55 toguara:rite~
t~enecessary protection against imp,acts, water, rusting, ,etc. For lead entry there are clamps to', ' ;, ,

, ensure,the necessaryseal.. ' .

SUPPORTS

The supports are of moduli;~rtype and ar.eas shown in Dwg. W OO-DD-M-246/1. The supportswill
be joined to the anchorage units with stainless steel bolts and wi II have a fixed inclination of 15° in
reIation,to the hQrizontaLaxis. All the elements will be of hot-galvanized steel so as'to be.highly:,,' >,

.co.rrosion resistant.,

" ,i' :"::'\' BÄTrERY" .
;.":\. I., "~. " ' .

• ,:':'Theb*tteryislNatertight and fixed, of SONNENSCH EIN DRYFIT SOLAR BLOCK type;;'>".' "'i'; ,.

, Characteristics ofbattery:24 V,200 Ah.':' ",' '. J'\:'~'.

The battery consists of 4 eleme~ts of SB6/200 type,each of 6 V and 200 Ah,connected in series to:
obtain 2'4 V and 200 Ah; " ,
The.'battery will be housed as shown in Dwg. W DIOSECO/3 and ventilation of the room will bf,
necessary.

;", "",,-'

~ ,WIRI!'JG ; .'<

Thewiring use'dwill'be of NI VV~K or FG7 type. The section is as shown in the drawings.

"', LIG!-iT! NG ,
"

, , ..

"

The lighting will have the,following characteristics: , "

, i

.. i: TECH NICAL CHA'R,A.CTERISTlCSOF SA~LAST,'
, Rated supply voltage 24 V

Max. rated power 13 W or 18 W
, Range.of working voltage 10-15 V

Admissible ballast current 0.72 A
" '

B~lIast no-load consumption Nil
Ballast performance > 75%

r Ballast frequency 35 Hz
:Total number of lamps 8,000

Operating temperature, -10°C ~ +45°C

,--- -----~--- -.--



olt ....

, Admissible moisture rate,
Ballast dimensions
Pälarityinyersiori protection
Type of protection
Protection against short-circuiting
Type of protection
Welding of tube
Guarantee

90%,
Insta,lledin housing'
Yes'
Diode
Yes
Fuse

. With preheating "
24 months

;'.-;.

TEC HNICAL CHARACTE RISTI CS ,Of='TU BE
Brand
Power
Guarantee

Philips or ~quivalent
13W or 18 W
6 months

"

CHARACTERISTICS O'F HOUSING
Mat~ri.;tl'"

, Index of protection ' .

GUflrantee, '. " ,
Protectfon against corrosion "
Dimensions

AI,umlnium
I P40 (lP65for outdoor instal,lation):
24 months, "
Ye",s" ",: "

.-.'.

25 x '35.x 389 mrn
, ' ,

Lighting', emits should I:;>eins~alled as shown in Dwg. W DlOS ECO/2
I .' .!': .' "', " " ,".

. ..~

3.0 ANNEXES
: t~ "

3.1 DRAWINGS

""." .

f,

- Dwg. bIOS ECO/l - GeneraLwiririg diagram
- DiNg. .DIOS ECOj2 - Indicative wiring' of lighting system
- Dwg. DIOSECO/3 - Wiring diagram 'of PV modules

, - pwg. OÖ-DD~M-247/1,- Structure for Diosso school' , '. - . . .

3.2 DOCUMENTATIONRELATLNG TO PRODUCTS

- Photovoltaic Modules
- Load'Regulator
- Battery
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TECHNICAL DOSSIER FOR TH E SU PPLY AND
I NSTALLATION OF A PHOTOVOLTAIC SYSTEM

FORTHE DISPENSARY
IN TH E VI LLAG E OF DIOSSO

GENERAL DESCRIPTION

i','

';> ,'I •

.' , .
'J ....... . .:

.... ,
,',

The phbtovoltaic system for the proposed dispen$ary in Diosso consists of the following
" '

compollents: ,. ,
• 10 photovoltaic (PV) 'modules of 50 Wc
• 1 24-V control unit, formed by a SIGMA load regulator
• 1 battery, 24 V 400 Ah, formed by 4 Sonnenschein Dryfit Solar Block units 6/200
.,' 1 hot-galvanized steel supporting structure for modules
., 5 fluorescerit lamps, '.\~~glett~" type, 13 W 24 V
• 2 weatherproof fluorescent lamps/I8 W 24 V
• ' 1 refrigerator, 24 V 10'0 Iitres.'i' l'jLü,ction bo'xforp\j m6du'les

'" .' i set of leads and ~cce,~so~i~sfor wiring'
, .

The junction box, the leads and the accessories (switches, small Junction boxes, fixing of leads,
" eie'.) will be at ELECTRNsexpense.' For Installation, all the directions'shown on the attached
"",, drawings must be exactly follOwed.' :",

\, ,

,,'

"
., .•. _, ,': :' v':'::. t.:':' ..: .. ; .. i~_', .... '.. . - , I',' • '.

\ ,_, • f __ ' :.' ,'. '- '. . ..

, The system has'been'st~died for installation in sites far from the network and each component has, "',', ' "
, been devised for highly reliable' running, adaptable to all' climatic and environmental conditions. '

For all technical ,data ofthe various components, seeattachments.
. .
;.,'~,\~GHARACTERISTics OFTHE SYSTEM , '

'.~". .

'.:." ... t',-

. ,,',,' T,hesystem has been,designedto supply the following items: .',
. "J, ',' "'/ • • ~ '. .. .

, ,

" ,

~ . Item' , .
'- . , .. I •

2 fluorescent lampstS W 24 V
5' fluorescent l.3.mpS:l;3W 24 V
clrefrigerator 24 V.10'o Iit.,.

Watts
3Q
65
60 '

day hours'
1 "
1
9

night hours. :.; ,
1
2
6'.

Energ~ consumption Wh/day 641 526
..... -.

As described in,the table, for each item the hours of operation indicated have been foreseen.' The
s~stem is formed as shown in th~ attached drawing "G EN ERAL WIRING SCHEM E", Dwg.. W
PIOSDSP/L ' ,,'

,i- ."

. """

-I ;'
CHARACTERISTICS OFTH E PHOTOVOLTAIC GE,NERATOR ,.. ' ..

~. . ','

The photovoltaic generator is made up of 10 modules, each of 50 Wc power fora total installed
power of 500 Wc.

. " ,"

The 10 PV modules are subdivided into 2 parallel lines (12 V), each of 5 modules; the series
connection is in the junction box (seeDwg.W DIOSDSP/2)

All the junction boxes are Jixed to the supporting structure.
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LOAD REGULATOR

The load regulator proposed is control,'ed by amicroproc~ss6r with specific software for managing
aHthe following functions:
• control and regulation of battery load,
• ,control of applications
• alarms and signals
• ~orrec.tion of load-end voltage by temperature probe
• measurement of current discharged by PV generator 0nd cOr)sumed~byapplications
• measurementof volt0ge.

The entire 'electronic circuit is ofsolid state type.

Pisplay'of operation and of alarm;; is performed by LEOs.

:' AI I the,components a,recontained .in a pla,stichol,1singwith degree'of protection I P55 to, guarantee "
" . ", '. - . '. I, . .' '. - " , •

the nec,essaryprotection ag'ainst impacts; water, rusting,ett.For lead entry tliereare clamps to'
ensure thenecessary seal.

, SUPPORTS
" '

.,h.~

" ,

. .. . ~', . ,-:",' . i . .'. '1 :;'. ; ~ "

The supports are of modular type and areas 'showfl in Dwg. W OO~OD-M-246j2. ' ,,' ::,
" .' .• 'I,.

The supports will be jOined 'tb the anch6rageunits with 'stainless steel bolts and will have a fixe'd;;
inclin,ati(,>nof ISo in relation to t~e horizontai 'axis: ".' . . ,,,,:i;:: : .
All. the elements will be of hot-galvanized steel so,as to be hig'hly corrosion resistant.;-::~~~):

BATTERY
, ,

. _' , • ",', ;,. . . •• ~ I

, ',The'battery is sealed and fixed, of SONN,ENSCHEIN DRYFIT SOLAR BLOCK 'type'. . '
, Characteristics of battery: 24 V, 400 Ah. . , ',' . . . ";'1
The battery consists of4 elements OTSB6/~ootype, each of 6 V and 200 Ah, connected,in series,'
prodiJcing 24"V ,and 200 Ah. , .
The battery will be housed as shoWn:in Dwg.W DIOSDSP/3 and ventilation of the room will be
necessary.

WIRING'
"', ,.1

The wiring usedwill be of Ni\(Y-Kor FG1 type: .Th~ section is a~ shoiftm'in the drawings: ..
.•'. ,: ~ ~ ' ; i _" ," • •

. LIGHTING",

, The Iightfng will hav~ the following cha'~a~te~i~tics~

TECHNICAL CHARAC)"ERISTICS OF BALLAST
Rated supply voltage 24 V
Max. rated power 13 W or 18 W
Range of working voltage lO-15 V
Admissible ballast current 0.72 A.
Ballast no-load consumption, Nil .
Ballast performance > 75%
Ballast frequency , 35 Hz
Total number of lamps 8,000

i'



t, '

. Operating temp~rature
Admissible moisture rate
Ballast dimensions'
Polarity inversion protection
Type of protection

, Protection against short-circuiting
Type of protection
Welding of tube
Guarantee

, ,

:TECH NICAL CHARACTERISTICS OF TU B E
Brand
Power
Guarantee

CHARACTERISTICS OF HOUSING
Material , '

'Irldex,of protection' ,
'Guarantee: . .' . ~
Protection against corrosion
Dir:r1en~ioris,' .

, . . i

-10°C" +45°C
'90%
Installed in housing
Y~s
Diode
Yes
Fuse
With preheating
24 months

Philips or equivalent'
13 W or 18 W
6 months

Aluminium.
I P40 (I P65 for ou~door installation)
24 months
Yes
25 x 35 x 389 mm

"

. '. . ; , .
Ughting units shouldbeinstalled as shown in Dwg. W DIOSDSP/3

", C "l; .

. The' refrigerator used has been\deslgned for'~ continuous curren't system.
, ,,' The supply voltage is24 V,. capacity is 115litres and power is 52 W.

, To be Installed'as-shownin Dwg. W D,IOSDSP/3.
For other characteristics, see annexes.

" 3.0ANNEXES

3.1' DRAWINGS

- Dwg. DIOSP$P/l ~ General'wiringdiagram
- Dwg, DIOSDSP/2 -Diagram s,howing connection of modules ,
,~Dwg. DIOSDSP/3 .-Indicative wiring of lighting and refrigerator system"

',: Dwg~ OO-DD-M-246/2 - Structure for Djeriodispensary ,

DOCUMENTATION RELATING TO PRODUCTS
.t',' ., .

,> ~ PhotoVO/Ülii: Modules
~ Load Regulatqr,

, - Battery
, - Refrigerator
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INSTALLATION MANUAL
AND

IN STALLA no N.I NSTR UCTIO NS
Fa R RU RA L: EL ECTR I Fr CA;rIO NS Y S,TE\MS
IN THE VI LLAG ES OF DIOSSO AND DJ ENO

GEN ERAL DESCRIPTION

The present technical specification refers to all the photovoltaic syst'e~s installed in the villages of
Diosso and Djeno. They are systems operatingon di rectcurrent at the voltage of 12. V' or 24 ,V.
They use only direct current fittings. According to the peak power installed in each system; there'
are 'several electrical fittings and the quant~ty of the fittings installed varies according ,to the,
typology of the system and the peak power instaLled." .

To simplify the instaliation of the systems, they may be divided into two types:

a) Photovoltaic systems ope'rating at 12 V

Village of Diosso
system for school head .
system for schoolteacher
system for small houses

.Village of Djeno ' '-
system for Salvation Army church
systems for small houses

b) Photovoltaic systems operating at24 V .

Village of Diosso
system for dispensary
system for school
systernfor village' Chief
system for, Doctor
system for Museum

Village of Djeno
system for dispensary

, ' system for sc~ool
system for Lassyste Church

, system for police statio.n "

"

.' ,
.: .

\, ....

~:,' .':; ..
...... ' ... '

" I ..... ,.
";'.

' •.f.
"";,.

" I.

,. .
;

" '

, I

, .

INSTRUCTIONS FOR ELECTRICAL ASS EM BL Y WIRING o'F PHOTOVOLTAIC MODU LES:.

12 V PHOTOVOLTAIC SYSTEMS
qonsidering the operating voltage of this type of system (12 V) the wiring of the modules in
parallel has been necessary (see drawings of module wiring).
It is necessary to use a type of lead that will standup to UV rays and bad weather.
It is very important to distinguish;,the two polarities (+ and ~) by using leads with different colours
and always respecting the same colour for the same polarity.
After having installed the wiring of the modules to the junction box, as indicated in the drawings,
the precision of the wiring must be checked with the following measures:



.',".

"' The:open-circuit vol~age in thejunction'boxshould be around 20 V direct current
The short-circuit voltage, in the jUl1cti.onbqx between the +- and the - should be In proportion to the

, sh,ort-circuit current measured i'n each module, The short-circuit current of each module must be
measured between the + and the' - of each module. Its value will be at the maximum 3.2 A (direct
current) with the greatest a,mountof sunshine.

24 V PHOTOVOLTAIC SYSTEMS
Considering,the operating voltage of this type of system (24 V) the wiring of the two groups of

modules - each of12V- in parallel has been necessa,ry,and the wiring in series of the two groups
in the junction box:, for the series of the two groups the voltage of 24 V direct current has been.
obtained.
It is necessaryto use a type of lead that will stand up to UV rays and bad weather.
It is very important to distinguish the two polarities (+ and -) by using leads with different colours,
and always respecting the samecolour for the same polarity:

,'After having installed the wiring of the modules to th.ejunction box, as indicated in the d~awings, :'
, :' the precision of the wiring must be checke9with the following measures: " ,~ .. ' " ,. ~".

• . ,. , , ,. • r".' ,

, ",For each group of ~odules'in:parallel at 12 ,v t.,
.. '

,The open.cirfuitvoltage in the junction box should be around 20 V direct current , ,
The?hort-circuitvöltage ih the junction box between the + and the -,should be in proportion to the

. short-circuit current measured in each module. The short-circuit current of each module must be
" measured between the + and the - of each module. Its value will be at the maximum 3.2A(direct

cWrent) with the greate~tamou~t of sunshine., ' '
t,

'For connection in series of the 24 V modules in the junction box
" ' ,

, ~ ,:The open-circui'tvoltage.in the junction box should be around 40 V direct current' ,"" "j: ';'" .."
;,. Consideri'ngthe' wiring:in',series (24,vl ofthe.two 12 V groups, the short-circuit curre'nt'measured .,::',;:'(,i,,', "

, in the' junction box between the +, and the - must be of the same value as that measured ,fore~ch,
,12 V,group. , .

, ~.. "

N.S; " " " ,
It is ,necessaryto take great care to, respect the polarity and the section of the-wires(harnessl.dh ;
these.systemsa positive pole (+) should always be connectedto another positive pole,and Iikewis~:'
:anegative p6le'shoüld always be connectedto another negative pole. In all wiring great care must.,
be ,taken to respect the' section'of the wires shown in the drawings. ',i;, '

.WIRING OFTHE SATIERY' ",
.;. ... -1-:.<. ,;'

':.,'" '.12 V PHOTOVO~TAIC SYSTEMS
\ .. " ..,

'.The following 12 V systems:':
,systems for smaU h~uses '
systemsfor schoolteacher (Diosso)

" l'

.' "

.' '(i.

.-\'

co~sist of two batteries ofVARTA SOL~R type, 12 V and 100 Ah (CIaO), connected hi parallel
, for'atot.a! of 12 V and ,200 Ah (ClOO). '. '

Theotlier systems:

systemsfor school Head (Diosso)

, .
_ •__., .~ __". _.__ "'r_.~ __ ~'-- ,_._~.__.._,._,,__ ._, __ ,,_........ ~ . __



.fl:

,. ,

sY$temsforSalvafion Army Church' (Djeno) , ' • I"~

usebatteries,o'f VARTA OPZS type~of.2'V'and different capacity.
For these systems it is necessary'to connect up'6 elements in series, for a total of 12 V.

For filling the elements with electrolyte,reference must be made to technical specification n032- '
SG-E-192.

24 V:PHOTOVOLTAIC SYSTEMS

Distinctions must also be drawn for these types'of systems:

. 24 V'systems with hermetic batteries

. 'systemsof theDlosso and Djeno dispensaries'
systems'of the Diosso and Djeno schools.'

.\ , ,", "',
, ,

\' ,

.Thesebatteries are.of theSormenschein DryfifSolar Blocldype of6 V and 200 Ah, and have tobe.:.
conn,ectedin series of 4 elements, toobtain 24' V and 200Ah.' ".', .: . '. , , ' , , ' ,"', .
Only inthe system for the Djeno dispensary is it necessaryto .cO:nnectin parallel' 2 series each of.4
elements in series.. ( :.' " '.

24¥ systemswith reduced maintenancefixed lead batteri~s,. .
'. !

Village of Diosso
system for the village Chief.
systemfor the Doctor

,system for the Museum

Vil)age of OJena ' .'
system for the Lassyste Chur,ch

,.' • ,I

syst~m for the police station. , . ",'

. " ."..
\f,ff'it .

. '.:.l;"~",,
•• ;'",.-f-'.M

Thesesystems use batteries of VARTA OP2S type of 2 V and different.capacity'. ,
F~r these systems ,t is' necessaryto connect up 6elements in series, for' a total, of ,12 V. ' Forfilling 1

, the 'elementswith electrolyte~ refe'rencemust be made totechnlCal.specificatioti' n° 32;58- E-192,! '::
.' \ :.'

,. WIRING OF LOAD REGULATOR": " , •• " ,\ 'i, "
""""_' 1

, '

"

, For safety's sake and so as nottodamage the regulator, we' have used a type 'of regufator that can'
operate automatically at 12 V or 24 V.' In this way only the type of the, regulator has to,be:
identified (ALPHA, GAMMA' or SIGMA)"as described' in the technical specification for each,
system. "

. ,
This wiring can be distinguished in,the following operations:

a) Connection of battery with the regulator

Remove regulator fuse
Fix on the regulator the + and - leads in the direction of the battery and check that the polarities,
are correct
Connect the + lead of the battery (coming from the regulator) with the + pole of the battery ,
Connect the - lead of the battery (coming from the regulator) with the - pole of the battery

I
, I
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't ..... :••

Connection of module?w,ith the load regulator

Connect th~ + ~nd - leads, coming f~om' the module~, onto the regulator, and check that the
p'olarities are correct .
N.S.: CONNECT ONLY PHOTOVOLTAIC MODULES AS ENERGY SOURCE.

Connection of electrical appl ications

This operation will be described after describing the wiring for the supply lines of the electrical
'CtPplications (lighting, refrigerators, etc.) in the paragraphs below.
For oth~r information, refer to ~heannexes.

. WIRING OF LIGHTING SY'STEM 'AND REFRIGERATOR

.,;,.

i"i.~"

, , For all theinsfal'lations an iridicative wiring scheme has been foreseen. ' It is very important to.,
,,Verify aiLthe dra\IVings.'The following indications mus~be c1osel,yrespected:,

,.:, . . - . .
;' ( .•'~ II;.' ," .... ' ;:f, ';. I. ~ •.: •. •

lJse the types al1r;1sectiOnsof leads asindic~ted , .' "
Fi,rst place the lea~sand carry' out the entir~wiring in,the junction bt;>xesand in the switches.' ,

'.Distinguish the. polarities of the leaq always using the same polarity.with the same colour of the
conc;iuct~r I.'" ' , ' , , ' ",',

, . Make sure of having-correctlycorinectedth,e leads,with~ut causing,short-ci.rcuits
,~ip.cethe lights in the p~eferred P?sifion. :. ", " -, - , '
Connect up all th~ electricp.1appl i~ations and check that the polarities are correct
Chec,kthat all, the:svJitch~s'arein the STo.Pposition
Once more check the polarities of all the connections

, Connect the terminals of the supply lines,of the electrical applications on the regulator and check:
that the po!arities a,recorrect. ," ,

" .

, . ,

BRING'ING Ir.JTdOPERA:rrON
'\'.., . .'

Before operating the'system, observe the foll~wingindications:

, ,Ch~c,k all polarities" , "
Chec;:kthe c1ampirg of thel~aqs " ,. ',', , '

, "Check thatthe plac~ment of the battet:'Yleads is correct ' " ' , " " . ',' ,,'.,
,Disconnect on tlie regulator, one pQlarity (+) of the mod.ulesand one polarity (+) ot'the electrical

'.applications .,""', . " '.'"
Insert the regulator' fuse and wait until the LED on the left flashes (2 minutes afterwards at the' ,

, latest>' . " :' :',' , '

" " Again connect the + polarity of the modules on the regulator '.
Again connectthe+ 'P9larity oftheelectrical applications " '.' ,
One at a time, try tbeoperation'of each application. If there are any applications not working"
make ,surethat all th~ leads are properly connected, that the polarities are respected, and that the'
fuse,is good (not open). .

\. "',,

The system,is now under way,.
,',

, \1,

;"j

I l'~
..,:l •
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, SUPPLYANDINSTALLATIONOF,
A PHOTOVOLTAIC SYSTEM

FOR'A WATER PUM PING SYSTEM
I NTH E VI LLAGE 0 F D10SS0

TECHNICAL SPECIFICATIONS
AND

INSTALLATION INSTRUCTIONS

GENERAL DESCRIPTION

. " .
The system co'nsistsof the following components:
• 232 photov.oltaic (PV) modules each'of 45 We, for ci total of approximately 104'40
• ,1 battery charging regulationunitfo'r the HO V PV'modules, ,
• 1 battery, 110 V 220Ahj formed by 55 elements of VARTA 40PzS220 type
• 1 h6t~galvanized steel supporting structure for mo"dules "
• 1 control urüt for the pumping system ' , ,
." l.i.nve~ter, 110 V'dc/220 Vac, SÖHz;'2S0ü,VA'peak', ' '

,. ',1 inver.tEir.,110Vdc/220 Vac, 5o','Hz,5500 VApealC " ' ,
• 2 submerSible pumps CAPRARI typeE<;lXA/16, 220 V~c,'50;:Hz, for drilling ,.' , '
.' ','2 submersible pumpsCAPRA~I typ'e'HVX5/2M,:220 V.;tc, 50 Hz,'for ~ending water from-the'
, reservoir to the water tower, ',,' ' " ' , , " ,

• 2 junction,boxes for' PV modules: ""
.--, 1 ,set,of leads and accessories fofwi'ring: '
• 1 set of hydraulic accessories "'.

"For"install~ti~,n,the indications p~ovid.ed.in,the' attac~ed drawings must be strictly ~ol'lowed.,' ;:';",,;;:.';
. . . " . ,~ , . " ,'~'\~~;"~,,:,

The system has been devised for pumping waterfrom the borehole and up to the water: tower I(see:"';;,
Dwg. 32-DD-E-322>. Operation is governed by the control system so as to' pump and 'lift the:(,; ,
largest quantity of water to Useall the energy produced by the PV modules. " ...' '. " " ,',' "
The softw~re installed in the microprocessor has been st~died forthe,gradual utilization of the'

, , .; '. ,"t, _'" '

electrical lo~ds to try to follow the course of energy produced bythe PV generator.' , . "
, .' .. ", ." . .' ,', ,', ' ... '., ' .

, The distance between the hole and,the water tower (2100 r'n) has determined the use pf a reservoir
located near the borehole,' ',. ,

-, ' .. ,.' "'" '", ," " "Y; .,\

I,

",', '" ',,'

,I

.::'
, ~, . /.

'. ':, ... ;.'
"

'\, . " ~
C~AR~CTERISTICS OFTH EPHOTOVÖLTAICG EN ERATOR ,",
. -',' , ~ • .,., •. ' +, ,;. ,....I ... ~, , •• ,

" ',_:'.. ; i., .', " '.;" , :, ':' I" ,',.' ....". I '_, . ' _ .' ,. '(

'T,hephotovolt'aic generator .is rnade-üp,of.232 modules, each 0(45 Wc :PQwerfar .it tptalinstalled
'power ofid,'440 Wc. ,\' ' "-.. ' " ." - '".. "," 'v,.'

p' J: . : :'f . ~..

The 232 PVmodules are subdivided into 6 sUb-fields:'" ,,'~. ' . . '.' ,. - '.' , " .

5 sub-fields' consist of 5 series of modules, each of 8 PV modules,' series cOl}nected; t~e junction
box cont9-ins the connection in parallel of the 5 series (see Dwgs. 32-DD-'E-323; 32-DD-E~330,
32-:DD-E-32} and 32-DD-E-325). , ", '
1 sub-field consists of 4 series of modu)es, each of 8, PV modules,' series connected; the junction
b.ox contains,the connection in parallel of the 4 series (see Dwgs. 32~DD-E-323, 32-DD-E-330,
32-DD-E-327 and 32-DD-E-325>." .

All the junction boxes are fixed to t~e' supporting structure (see Dwgs. 32-DD-E-327, 32~DD-E-

" ,,
I

I
,I
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3.2.8,' 32::DD'~,E-329),
.;.'" .

,,' .;.

''-tOAD REG ULATION UNIT,'

The control uniUs'as described in the annex "REGULATION AND CONTROL UNIT", TheuniL,
controls the 6 sub-fields by,a microprocessor with software to operate all the following functions: '

,- control and regulation of battery load,
- atarms and signals
- correction of the end-of-Ioad voltage by a temperature probe

'The whole electronic circuit is S91idstate, Display of functioning and of the alarms is py means of
luminous LEOs.

, ,AI) the components are contained in a metal cabinet with I P55 ,degree of protection to guarantee
: the' necessary prot~ctionagainsUmpacts, water, rust, etc. The layout. of the circuit is includeq in,'

, " th'eann~x, ,,' , , '
". ',.

, ',~" \ :" .,

, , , CONT,ROL,S,!,S,TEM

,', ',' ,'rbe'control, sy~temis'coQtain'ed in, ametal ca!Jinet. There are twosectidn~ in the front panel: "
,-';',otl~:for~ontrol,'o(the,'system, including the "STOP" an,d "GO" buttons for each pump"the'

"", "EMERGENCY'STOP" button and the switch to choose 'the type ot"operation, "i\.1ANUAl!'or'
, '''AU,TOMATIG',< ", .', '
.; one'fodhesignals, containing a'1Ithe LEOs "",' ,~''

..
I.' .,

:<Each,biJtton and LED, is,id~ritified by asign (code>. " "
, 'As:already described, the,tontrol system' has to govern the' pumping system consisting of two., "

pumps, suppUed bY',irivertS. The 'operating principle is based on permitting t~e best, use of the",
energy generated.by thePVmodule's. ' " ".
The"signals an~ the, most important characteristics which determine the operating,'routing of the':'
system are as foIl6~s: : ~. ' .'

, "

The voltage of,the battery. .
The water level il,' the rese,rvo,ir;governed by two floats in the reservoir. The control system' is,:'
supplied',at 'lID V DC and 'is directly connected to the battery. For the control of each inverter:'
there is' cl connectiOn' within, the control system of each inverter', With' the leads in. place, ,the,
inverters are to~UY' 'c'6ntrolled in real 'time. 'AI~ technical' directions are set out- in ,the annf7x: '
"CONTROLANDSUPPLYSYSTEMFORPUMPUNIT"." ",', ",'. -".'

"',' .,,' "

Each inverter has the characteristics detailed in the annex \\CONTROL AND SUPPLY SYSTEM'
,FOR THEPuMp Ul\JlTlI:They qre'supplied directly by the battery and their start-up is gove~ned'
by,the control system•.,Connection by way of an obligatory junction box is foreseen between each
inverter and the control system. Each inverter is contained in a metal cabinet. The front panel
contains the measuring instruments for the AC output and for the output voltage.

, ,~",.

,,

l', .'1," .'

';; .Inverters "," :' .,,'.', ,,'." ,.,
;'Th{dir~ct curre~t.(DC> power produced by thE!battery and by the PV generator is transformed into' ,:,

,:.,:,'. aHernating current'(AC~ bythe inverter; The,system includes the following two inverters:
" __''''~'::inv~rter:, of,llOVdc/230 Vac, 1000 VÄ, fixed, 2500 VA peak"single phase" 50 Hz for;"

.: :,: ....:.supplying the ~ubmersiblepump'of 550 W in the borehole, ., ' ,
" • 1 inverter of )\0' Vdc/230 'Vac; 1500 VA fixed, 5500 VA peak" single phase, 50 Hz for:'

supplying the vertical aXispump,of 1500 W ' ~

.__ .~_..._--,,~~._~~~._-...:,~-~~_... ~_.. ~._.~._._"'-,' ''---:~-'--'-'~''---'-'-- .... -~ -. _ ..-~-- - ~.-~~._.- . -_.. - --._.- ~,,. - ..- ,-'



2,5 SUPPORTS ' ..

The supports are of modular type. Typical ones are.as shown in D,wg'.W ,OO~DD-M -21'3:", ,
The supports will be joined to the anchorage 'units with stainless steel bolts and will ,have a fixed
'irtclination of ISo in relation to the hori'zontal axis.
All the elements will be of hot-galva~ized steel'so as to be highly corrosion resistant.

, "

BATTERY

Thebattery consists of S5 eler:nents,of2 V a~d'220 Ah (CI0h)/ofVA~TA 40PiS 22otype. '
The~rated voltage of the batterY' is 'no Vand its total capacity is 220 Ah in 1.0 hours.'
The batte'ry is of limited maintenance type., . ' ,
The positive plates are of small pipes lined' with a lead-selenium alloy, grille, with a content of,'
SI<I%. .., " .
The,n'egative ,plates are of Petri grille oflead-calci~m alloy. :Th8 ele'ctrolyte isdi,lut~d sulphpr.ic
acid .. ". . I • ',. • ~

The,container is of. transparent plastic,- "', :"
. All technic;:al'details arecontainedin'the annexei.:..

'. ~.
, (

, ." . . ,

. ,
, ,

The wiring used will b~ of NiVV-1< or fG7 .type. The section is as shown in .theqnnexeddrawings.
" , "

ANNEXES'

. ,
3.1 DRAWI,NGS,
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b.ocu M ENTATION RELATING. TO PRODUCTS,

~ Dwg., 32':DD-E-322 " , '
Dwg . .32-DD-E-322 , , ",
Dwg: ,32~DD-E"322 -'I NDICATIVE-DIAG RAM OF PU M PING SYSTEM
'Dwg;,32-DD-E-323 - GEN~RAL DIAGRf\M OF PUMpING SYSTEM
Dwg.32-DD-E-324 - WIRING DIAGRAM
[?wg. 32-DDcE-325 - WIRING ROUTE
Dwg.' 32~DD-E-326:-ROOMFÖR8ATTERY AND ELECTRICAL PANEL

. , Dwg. 32-DD-E-327-SU PPORTrNG STRU'cTU RES AND JU NCTIONBOX': ..
Dwg: 32~DD-E:3'28 -SUPPQRTING ST'RUCTUR'ES AND J.UNCTIONBOX, ,<"f" ;, /'

Dwg. 32-DDcE-329 - TYPICAL INSTALLATION SCH EM E OF JU NCTION BOX.' ,
Dwg."32-DD-E-330-WIRINGIN ~V I\!I0DULES "': . ',;" '"

, Dwg. 32-DD-E-3.h - LAYOUT ,'. ,... ' '.
I?wg. 32-DD~M-251- DIOSSO p~M PI NGSYST~M
Dwg: 32-DD-M-213 ~ MODULE S~PPORT'STRUCTURES

• 'Load Regulation Unit'
• " Control and Supply System for Pumping Unit
• Photovoltaic Modules
• 'Battery
• PU,mps

"J,

t '
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TECHNICAL SPECIFICATION OF
CONTROL AND SU PPL Y SYSTEM

FOR PUMPING UNIT
TECHNICAL DESCRIPTION AND MAN,UAL FOR USn

1 DESCRI PTION

. The system comprises the following equipment: .
• Lcontrol system. . .
• ' 1 inverter, 110 Vdc/220 Vac, single-phase, 50 Hz, tosupply submersible pump in borehole
• s~bmersible pump for borehole, Caprari type, EAXA/16 of 550 W, 220 V ac, 50 Hz, singl~

~~ . . . .;

-I inverter! Tio Vp.c/,2.20 Vac" single.phase, 50' Hz, to supply pump to'lift water from rese'rvoir' .
. to water tower .'. . ,

" ~ surface pump for lifting water, Caprari .type, EAXA/16 of1500 W, 220 V ac, 50 Hz, singie
"'.:-:,l.;phase." ....".,',." ,j;,., ,.. ..... ,

t ; ~' • ,t ' , ," '!,

1 ,I" :', :' " " • " .'< "., ~, .... \' '."

." '. The.two invert~rs are, supplied.directly by" the battery' and th'eir operation (GOAN.DStOP)"is'~'
,. gover.ned by the cot\t'rol system .. The system controls the start-up and stopping of the inverters'

. according tofi~ep:p'arameters" The software is intended tooptimise the use of.the energysLip'plie'd
, '. by the PV modules., All the 'appar~tuses necessary forthe automatic and manual operation of the.
: ,'System 'are containeä in the' front panel onhe control system ..

. "

'; 2':' CONTROLSYSTEM
\ ....

, The systEimis outlined ,in the following,diagram:

,,',,. pv,

MOqU !-ES'

. ", \

, ..

LOAD
REG U lATOR

. .,~
CONTROL
SYSTEM

I -. t "',

. BATTERY ~"'. INVERTER 1 . INVEIÜER2'
'. ,-,

, " "

.~' '1 PUMP 1
(BOREHOLE)

, i P:UMP 2
(LIFTING)

:" ,:: .... ;

,-1\:':;,: \ r: I ''''~'' ~":' :. '.,. '

I ", . .." ,_'" ~ ,',_/, .,' • " 'J" .",' " .. _ '. ~ ." ,

" ,'The typ~of operatioh'"js as Jollows.
...• I,. ';" ~

, The. PV'modules charge the battery which provides power to feed the pumps. The system controls '.
the' operation of the inverters.forthe starting up of the pumps. Given that the power supplied by_'
the, PV modules 'is variable during the day, under normal working conditions, the power proVided
by the moduleswill:be sufficient to supplY' the applications and tochargl:! the battery. Aft~r;
checking the operating parameters, the control system starts up the system automatically, as-
established by the. software. The layout of, the circuit is shown in Dwg. SSTPMOl, and Dwg.'
SSTPM P02 shows the arrangement of the control organs, located in the front panel. Dwg ..
SSTPM03 shows th~arrangement of the signalling LEDslocated,in the front panel.

; ~'..

. 1

'I
I
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CONTROL SOFTWARE FOR AUTO,MATIC OP'ERATioN' ':,

The system always control s the v,;:\1l.:1e,of the vaItage oUhe batte ry and of the,other paramete rs, the,' '
,water levels in the'reservoir, the value ,of the current consumed,by the pumps, etc,

, ,
, . .

The symbols usedforthe voltage thresh'olds Me as follows:
- Vb :::::battery voltage . "
- Vok, :::::125.75 V, the value of the battery völtage foreseen for start:üp of the.system,
- Voff ~ 120.25 V, the value of the battery voltage foreseen for the stoppage of the' no'r.mal '

. .

operation of the system '
- Vmin :::::103.75 V, the value ofthebatte,ry voltage foreseen for the stoppage of the system due,to

. the discharged battery alarm. '

The values of the Voltage indicated are ref~rred to .the temperature of 25°, and change according to
the temperature, by a coefficient of 5mVoC )( batteryeleme~t (the battery is made up. of 55
elements each of. 2 V, f.or a tot,al of 110 'VL

. . . , - .
• ,J • "'.

..Each, time that during the pro'grarnmeroutinea battery voltage:valueis recordedequC!.1to"one'of
, the ryrentioned!hresholds, before car.rying outtne <;:orrespon'dirigcontrol, .it ,is'llecessa'ryto wait ,for

,5 minutes. This method ha~'been .usedtoavi;>id.any ünstable operation, of the system: ' '.' .

The'~hoJe ofth'e following des~ription' refers to the operation of the system in the "AUT6I\J1ATIC;' .'
, mode. . . ".. . '. ~ ' . ." .. ", ..

..
?l1"'j~r... ; .

With the switch of the front'paneli(1the"~ AUTOMATIC" position, the system',starts upand'the'~'
yellow LED goes on." " ' ',>I.~\~,:

The red LEDS "I MIN PUMP Illand "I MIN PUMP 2" will light up and\also"the LED;':t .... "
. ~IRESERVOIR FULL" or \IRES ERVOIR EM PTY" will light up (according to the;water leveLin:~i,
the reservoirL .,

1.' . r ~ ,'.r •
, ' .. ,

. In this way the system starts up and the programme will check the value of Vb:
'" . ,'\ ,

.If Vb < Vok, the system remains in wait. ,I , .,: '., .' .'~

WhenVb> Vok, after 5 minutes in th,is conditionj the LED "START-UP ROUTINE" and the'
reservoir water level is checked.- " '" ,'.' ." .', ,':'"

. '. .

If the, reservoir is not full;' ~'IN.vERTER ~I/ and the boreho!e pump (PU M P n are activated'and
the LED' "PU M PION" will rema,in on until the reservoir is filleq, when P'UM P 1 and the, L~D
"PU M PION" stop andthe LED "R ~S ERVOI R FULLII goes on. ' ',' "

F~omthis moment an INVERTER, land ,PUMP 2 for lifting 'the. water will be ac~ivated and the
LED,.~IPUM P 2 ON" will be on.. At the same time an eleCtronic.timer. to measure 30 minutes'will,,'
go on. . , ' '"

; .
If before the 30 minuteshave ended the .reservoir.is found "NOT FULL", PUMp 2 is stopped and
the LED "PU M P 2 ON'! will be off. In'this case the system again fills the reservoir, according to
the routine already mentioned.., .

If throughout the 30,minutes the reservoir is not found "NOT FULL", "PUMP 2" remains on until
the end of the 30 minutes.

At the end of the 30 minutes the "START-UP ROUTINE" ends and ~he LED goes out. PUMP 2

" '

,'"

',•. ' .t ..

'I
I

I

I
I

I
I .' .'.. _._.... .... . \,- - - --.--- .---



..}~"

':' . remains in operation and the LED "PUMP" ON" will be on.

When the "NORMAL OPERATION", cycle starts, the corresponding LED goes on. PUMP 1 in the.
borehole will start and the LED "PUMP 1 ON" will go on. The duration of the "NORMAL'
OPERATION" cy~le is usually 5 hours; this time is measured by an electronic timer.,

'. ,

. In this condition the 2 pumps are in operation and, if the quantity of water drawn from the
borehole is the same as the water lifted, and Vb remains> Vmin, the 2 pumps will remain in
operation throughout the 5 hours.

If. the quantity bf water moved by thE; 2 pumps is not the same, it can be checked whether the
reservoir remains EM PTY or becomes FULL, in which case the programme stops PUM P 1 or'
;PUMP 2 until the conditions are again such as to restart the pump which had been stopped.

. ' .

.In this way it is quite clear how important it is to have the same quantity of water for the two
pumps. ' ,

If at the.erid 'of the5:'hoLJr~the condiÜOnVb> Vmin'still remainsiUie operation of 'the system will'"
,\ remain the sa~e .. If:at,the end of the 5 hours the condition Vb > Vmin remains" there wiHbe'~ i ." <.

, " "R ESET" of the' prograrYll'ne.to start" the routine again from the starting-point, aftE;r~havin'g~:' ~':.
. : >checked that Vb, > Vo k. " '..

• '•. 1" ..... }-.~.' t -',-"• ':', .. ",'.'.'. .." ", :,_,' - ,

, - .', ~.'

,If.;ttthe end of the :i'hours the conditipnVb :> Voff remains, the 2 pumps will remain in operation" ,.,'
, unÜi sLJ~h,time as.Vb >Vpff, after which another electronic timer lasting for.JO minUtes will'start ~ "

. up'.' PUM P 2 will be stopped andPUM P 1 will be in operation (the LED "PU M P 2 ON" and the. ',;
,"Li=Ö "NORMACOPERATION'~ are stopped, and the LED "ROUTINE STOP!' will be on).td.,

complete the fi IIing of the reservoir unti I the end of the 30 minutes. .
,',:,

, '
, " "

i";' '. ,If. atJh~ end of the 5 hours the cohditi.on Vb> Voff still remains; the times is again swltched:cih: f,.'
, "'" - "_ . .'" "_'1 '~ ... -, ~ "."'. ~ T .• ' _".~ '-. ." '. .' :-'.,.' . I '. • ,. • • _, '. . . .' . , • ~ " (

... '.'for 30 mrnutes and'dunng this time PUMP 2, IS stopped (LED "PUMP 2 ON", and' LED,
':;'! ;"\'NORMAL OPERATiow':stopped, LED "ROUTINE STOP" on), PUMP 1 remains in operation

. u!1til filling of the reser.vo!rhas been completed ortor theduration of the timer, i.e. 30 minutes.; <,
,,' ,~ ':-' '" ',;'., '. . " "

, ." .
Iil.thisconditionthe system remains in wait for the new START, perhaps the following.day.' . :

.' ," .
'. ." .t'" , • , .' .

Thro.ughout an the ,conditions mentioned, voltage control is always kept active and the programme"
is ready for the stopping of the system when the condition Vb < Vmin holds; .,',', ,', ',.'
The programme hasbe~ridesigned to optimise the use of the power produced by the PV modules..'

, 4 NORMAL OPERATION AND EM ERG~NCY STOP

In,the: front panel of the control system, there is a red button \\EM ERGE!\ICY STOP". If this ..
, button is pressed rightdQwnjall the apparatuses controlled by the system, i.e. the inverters and the ..
: pumps,wi II stop. > .

The EM ERGENCY STOP mU,stbepressed only in case of emergency;
I " • . •

. ' To disconnect the EM ERGENCY STOP, the button must be turned in the direction indicated on the
button. .',' . ,

, If the EM ERGENCY STOP is pressed during AUTOMATIC' operation, after disconnection with the
button, the system will restart from the initial point of the programme. '
To start the "MANUAL" operating cycle, the switch most be in position "pos. 2 MANUAL" (the
green LED "MAN UAL" will go on. ' ,
To put PUMP 1 on, the green button "PUMP 1 WORKING" must be pressed, and to stop it the.

, red knob "STOP PU M P 1 has to be pressed.

'. ,

, I
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The same thing to switch on PUMP2.

. 5 TE RM IN ALS.

~ \ " • I " }

The system includes one terminal for supply by the battery and for the reservoir water level probes,
The terminal is located in the.bottom oUhe locker (see Dwgs. SSTPMPOI and SSTPMP9I/A).
The details of the terminals are as follows:

M3: min level probe (PUMP 1 FLOAT)
M4: min level probe (PUMP 1 FLOAT)

. MI: POSITIVE POLE of battery
M2: NEGATIVE POLE of battery
. . .

M5: max h~vel probe (PUMP 2 FLOAT)
M6: max level probe (PUMP2 FLOAT)

The control system is connected with the't~o'i~verte'rs by leads already made up'and completewith ..
junctions. .... . .

. The two leads are interchangeable but in the wiring it is necessary to connectINVERTER 1 where'
INVERTER lis indicated (to power the borehole pump) and INVERTER 2 where INVERTER is
indicated. <to power the lifting p~mp);' '..... , ' .... .

.. . ':..
N.B~--: Ti-! E CONTACT NORMALLY OPE;N FOR THE CONDITION OF ABSENCE OF WATER,;~,... '
MUSTBE USED FORTHE LEVEL PROBES. .j.ii~l:,~.

6 INVERTERS

The system comprises the following inverters: " -;;,~;'::,::
'j ~:~ ',t

-11 inverter,' HO Vdc/220 Vac <INVERTER I), 1000 VA fixed, 2500 VA peak, sing'le-phase~:50i\;"
Hz, to supply the 550 W submersi~le pump in borehole

- 1 inverter,' HO Vdc/220 Vac <INV:ERTER 2), 1500 Vii. fixed, 5500 VA peak, single-phas~, 50
Hz', to supply the vertical axis pump to lift thewaterj havi'ng a power of 1500W.

, .
Fora. gen~ral scheme of the 'inverter~ see Dwg. SSTPM P04. The'terminal is indicated on Dwg~
SSTpM P04/A. .' . .

The electrical characteristics are as.follows: ,I

~ Rated voltage :
- Max operating voltage:
- M in operating voltage
- Rated output voltage
- Frequency
- Max output current <INVERTER n
-.Max output'current <INVERTER 2)

HO Vdc
150 Vdc .
90 \idc
220 Vac, single-phase
50 Hz-
25 Aac
12Aac

.'

\ ,

,
.1

The two inverters are swifched on automatically by the control system. The connections to be made
for the wiring are as follows:
- MI: battery POSITIVE POLE
- M2: battery NEGATIVE POLE



. ,

,. M3 and M4: output alternating curreht 220 Vac, to supply the pump.

Before connecting tne battery it is necessaryto turn OFF the switch with fuse Fl/F2.

After having connected the battery, press knob PI CPRECHARGE) for 15 seconds, and then turn'
ON the switch Fl/F2.

",y....,.

It isthen also possible to switch on switch Il of the outlet line at 220 Vac.

T~e ter,minal and the switches are arranged in the lower part of the cabinet.

Each i,nverterwith.the lead of the control system is located at the back.

7 CHARACTERISTICS OF INVERTERS

With reference to Dwg: SSTPM PO~/A, the letter codes have the following meanings:
.'. .. " " .'
....... ;.' .( I. ..

~, : PlisthePRECHARGEpower .'
• " • w., ." : _ ~

.> •• _;.~~: -" ..

" Fl and F2 ="'switcl1with füses of battery supply
',' .' • : t" ," , .' ,.. ~

F3:anc;lF4:f,switch with fuses of supply unit:
, '

,<: !lis the supply switch for the application at, 220 Vac

, 1 (+ }'and 2 (-) fs the terminal for connection ofthe battery
,-

3 and 4 is the output terminal for the application at 220 Vac.
,..,',

I •

.....-.

. ~ ','. .. ,.

.. ~

. .
, .

The technology used for operation of the inverter is of PWM type. The configuration of the power:,
.,' elements'isofH {\'BRIDGE'i)type,withIGBT.. . .'"

PROTECTIONS ON ALTERNATING CURRENT SIDE

Control of the output volta<;)eiscarried out by an electronic circuit which automatically stops the,
'inyerterifthe voltage:~xceeds the max outlet. value (250 Vac). . .

.' .... :: The same circuit controls the output current and stops the inverter if the current exceeds the Jixed
.' vaiueol', , : .. ' '.

The two controls .h~wea hysteresis time (lag) of 30 seconds, after which the inverter is stopped
"'. automatically. , , , "" , "

, The protection fo.rtemperatu're is arranged on the IG BT and it comes into instant action if the ".,.' '"
, ,temperature exceeds 75°C.

After the automatic stop of the inverter, to start it again it is necessaryto RESET the inverter, jl'),

the.2 following ways:'.

turh the switch (F3/F4), OFF and after waiting for about 30 seconds, turn the switch to activate the,
inverter again. .
place the 3-position switch in the 'front panel of the control system on "a" and then position the
same switch in position "1/1 or ,,'2'11, according to the type of operation chosen.' .

'./ .'
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' ...... 1
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7.2 PROTECTIONS ON DIRECTCURRENT SIDE:

The protections used are the following: '

, .'

• Protection for consumption of max current.- The coming into play of this protection causes'the
stoppage of the inverter and to restart it, ,refer to the procedure outlined,in pOint rl.

• Protection for min and max supply vol~age, If this protection comes into play causes the
inverter to stop, and res'tarting ,is automatic if the voltage again comes within the admissible
values

, '

.' Shor~-circuit protection on supply side, with semiconductor fuse arranged on thepositivepo'le '
at the entrance of the IG 8T. After this protection has come into play, before replacing the fuse
the integrity of the IG 8T has to be checked.

• , (f the I,G8T are damaged.the fuse.has to be repla~ed.'

INVERTER START-UP TESTS

To perform the 'start~up test of the inverters, all connections must have been made as shown in the,'
drawings'. The <,:ontrolsystem and the 2 pumps must also be con'nectecL ' ,. .. . " '

The following action should be taken: ", ~',
TurnOFFswitchesFl-F2/F3-F4andalso11 " , ","
In the cOntrol system terminal, make a short-circuit of contacts 3 and 4 (PUMP I'FLOAT) an'd
'between contacts 5 and 6 (PUMP 2 FLOAT), to simulate the wat~r !~vels in the reservoir', '
Turn ON switch F3-F4 ' " " ' , ,,',",' Li.. ;:

Press button PI (PR ECHARG E) for about 15 seconds. " ';:.;, ";''-'
TumON'switch Fi-F2 ,~J.>i
Turn ON switch 11 for supplying the pump , " " ", '
In the control system panel, activate position "2/" "MAN UAL'-, and 'startHP the inve'rterswith fn~'::'", ",
"PU M P 1 START" and the "PU M P 2 START". They are to be activated before the inverters and,:"
after the pumps. ", ' ' ,', ' , " :', " . :~~:':'

. ' , ' .•.• ..' , . •• .' '-. ',If~

To stop the inverters, the "PU MP 1 STOP" and "PU M P 2 STOP" buttons should be 'used: ' "', ,!,,',

. '

At the end of the tests it is necessary,to re-establish'the correct wiring of the contacts 3'~~'~nd 5-6"
of the control system terminal. Removethe short-circuits.

8, START-UP OF SYSTEM, '
" ~

, " I, ' "', '

•. z •
. . . .. .

Before,starting up the system it is necessaryto check that <;lllthe wi~ing has been placed correctly~'
Then it mustbe checked that the voltage is between 110 and 132 V.. " ' ...
The switch in the front panel of the control system must be placed in position "0". -"" ,
Place switch 11 ofthe control sy~tem in the,ON position (Dwg.SSTPM P0l).. . )

. Go ahead,with "IV1ANUAL" operati'ng test and place the switch in position. 2"MAN UAL"; The'
green LED is on and with the button,"Pl:JMP i START",:INVERTER 1 and PUMP 1 may be'-
switched on. After pump start-up, waita few secondsand then stop PUMP'l with the red button'
"PU MP,l.STOP".
Repeatthe test for INVERTER 2 and P"uMP 2.:' ' ".'.,
After having checked the proper working' of the inverters and the pumps, again, actiyate one pump
at a time and press the red button (EM ERGENCYSTOPHo check the emergency stoppage of the'
apparatuses al ready activated. ' ' , ' '.. , -
Place the switch on the front panel ofthe control system in position"O".
Now carry out the operating test in "AUTOMATIC"; place the 'control syst~m switch in position
"I" "AUTOMATIC".
The system will start the operating routine as described in paragraph 3.

I
I
l... .._.__ " .
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TECHNICAL SPECIFICATION OF
CHARGE REGULATION UNIT

TECHNICAL DESCRIPTION AND MANUAL FOR USE

1 GENERAL

The'board is formed by a regulation and control circuit for a photovoltaic system having a rated
voltage of 110 Y" The'system can automatically control the photovoltaic generator, divided into 6
"subfields", and I'echarge the battery according to a fixed routine. The system also includes all
signals to determine the state of operation of the system. The signals take the form of LEDs of
various colours. '

, ,

",,2 " DESCRIPTION OF COMPONENTS

,The regulation ~nitconsists of a cabinet ,in which all the ci rcuit components are arranged. The
d,imensionsof th~',cabinet are as follows: 800 x 585 x 300 mm. The degree of protection is IP55,.

I,' "?Itlsiqe:the cabin'etare.3 re'gülators of RP2 typef~r control of the 6 PV subfields, f~r chargingthe
,\: .,' ",battery ,asa function of-the temperature., Thepower switches are of solid'state type and each entry

" :: --. '6(t~e subfields is protected by 25 A switches: The battery output is protected by'a125 A switch.'
, " Theswitches are'p~acesinside the cabinet, and the terminal is in ~he lower paJL

,: 3 SIG NALS '

, I

'_ _ 7 •.' " ,

',,:. ; '< ,.Th,e~rgna!s.take the form of L.EDsof different colours:,..

..:LED PVl - red - a'light = subfield PVl \'ON"
" .<: >:".'~LED PV2'-:red"~,'alight = subfield PV2"ON" "

, ;' 'i;',- L.Eb PV3,-'red '- ,alight ==subfield PV3"O N" "
- lEDPV4 - red. alight =subfi,eld PV4'''ON''
- LED,PV5 - red - alight = subfield PV5 "ON"
- LED PV6 -,red,- aligt:1t= sub,field PV6 '''ON''
- ,LED,Vmax - red - alight ~,maxvoltage alarm
- LED BATok- ,green~alight = battery charge voltage

. ': :- LED,Vminl- red;- alight:::: prealarm of battery discharged
, - 'LED Vmin2 - red,- .alight ::::alarm of.battery discharged~. :'

4. ',. -ALARMS

., "".' .' 0

~..'

l.-,-.:

, ,"

'.- . '

" , . With automatic operation, the alarms for controlling the subfields and the battery give rise to the,
" following actions: , ' ' ,
.. ,. Vmax alarm: all the,p\i subfields are disconnected "OFF"

.Vminl alarm: all the PV sul:lfields are connected "ONII
,

• ,Vmin2 alarm: all thePV subfields are connected "ON"

The conditions of alarm during manuql operation are only signalled by the LEOs without any
, ," intervention.

I, .,'

STECH NICAL CHARACTERISTICS

The regulation unit comprises 3 charge regulators of RP2 type and the topographic layout of each
,regulator i~ indicated in Dwg. SSTPM POS.. Dwgs. SSTPM P07 and 09 show the three regulators,'

, indicated as RP2-1, RP2-2 and RP2-3. Each regulator controls 2 subfields:

.i
!
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.' Regulator RP2-1 controls subfields PV1 and PV2
• Regulator RP2-2 controls subfields PV3 and PV4
• Regulator RP2-3 controls subfields PV5 and PV6.

Regulation of the charge takes place in accordance with preset thresholds, having the following
values for each subfield (reference to the voltage is made .in relation to the voltage or one battery
efement, that is 2 V per element, at 25°C: The battery used is formed of 55 elements for a total of
llO V): .

PV1 2040 V (cut) - 2.35 V (connection); RP2-1, hysteresis 6 min.
PV2 2.35 V (cut) - 2.30 V (connection); RP2-1, hysteresis 6 min.

PV3' .2.30 V (cut) - 2.25 V (connection); RP2-2, hysteresis 3min.
PV4" 2.25 V (cut).- 2.20 V (connection); RP2-2, hysteresis 3 miri.

, "

PV5 ", ,2.20 V (cut) - 2:15 V (connection); RP2<?, hysteresi$l,mii:1.
PY6 ': 2.15 V (cut) - 2.10 V,(~orinedibn); RP2-3, hyste'resIs 1.m!n.

ALAR'M Vmax: 2.50 V'
END ALARM: ~.4 V,

PREALARM BATTERY DISC~ARGED'V,minl: .1.95 V
END'PR~ALARM BATTERY DISCH.A~GED Vn:1in2: 2.1~ V

ALARM BATTERY DISCHARGED Vmin2: 1.85 V:
EN'O ALARM BATTERY DISCHARG EDVmin2: 2.15 V , '.

i ... ) •

,i,. '.

"

" ;.

"

.". ~" , "

1: " Y. "I

.The values il')dicated are' referred, to 1 elem~nt; the values correspo~ding to: 55 elements 'are as~';~~r:
follows:' ,

PV3 .126.5 V (cut) -123.75'V(connection); 'RP2-2, hysteresis3min;' .. ,.
PY4", 1:23'.75 V (cut)' - 121 V (connection); RP2-2; hysteresis 3 min. I '

P\l5
PV6

132 V (cut) -,129.25 V (~onnection); RP2-1, hysteresis 6 min.'
129.25 V (cut)- 126,5 V (connection); RP2-1, hysferesis 6'mi,n ...

, , .. . .

,121V(~ut) -118.25V (connection); RP2-3, hysteresisl min.
118.25 V (cut) - 115.5 V (corinection);'RP2~3, hysteresfs 1min.

'. "

I • -, . ~ ,'., L:'

, ,
, ,

, '
.". 1,.. . 'j

i
',\

ALARM Vmax: 137.5 V
END ALARM: 132 V .

, . ',.

" ~.

, .

PREALARM BATTERY DISCHARG'ED Vmin1: 107:25 V :
END PREALARM BATTERY DISCHARG ED Vmin2: 118.25 V '

ALARM BATTERY DISCHARGED Vmin2: 101.75 V
END Al.ARM BATTERY DISCHARG ED 'Vmin2: 118.25 V

6' AUTOMATIC AND MANUAL OPERATION

With reference to Dwgs. SSTPM P05and Q9, ,in each RP2 circuit there is a dipswitch SW1, with
4 microswitches.

i, I
j

I."'__. ,,' '. .._ .... ~_..,J



Below is a description of the dipswitches of each RP2 regulator .

. - DIPSWITCH OF REGULATOR RP2-1:

~,l:pos. ON = PV1 ON / pas. OFF::= PV1 OFF
~2: pas. ON::= PV2 ON / pas. OFF = PV2'OFF
- 3,:pos.' ON ::=ALARM Vmin OFF / pas. OFF ALARM Vmin ON
- 4: pas. ON ::=RP2-1MAN UAL / pas. OFF~, RP2-1 AUTOMATIC

- DIPSWITCH OF REGULATOR RP2-2:

"',,'

~1: pas. ON ::=PV3 ON / pas. OFF = PV3 OFF
- 2: pas. ON ::=PV4 Ol\! (pas. OFF::= PV4 OFF

'-3: NOTACTIVE' '
, c,4:pos. ON ::=RP2~2MANl:JAL / pas. 'OFF::= RP2-2' AUTOMATIC

" Dlf?SwirCH öi= :REGULATOR RP2~3:
, • 1; • ' .' .. ... "•. ~ , '

,", .
l'" "_ •

.' , .
,. I. --,,> ' '. ('

Note carefully that only the drcuit o.f regulator RP2~1 controls the' Vmjn alarm. "In the 'same':";; , .<;\,

cir'cuit there is also a contaCt having a crepuscular <twiu'ght) function, which isnotused. " , ,,'i:

",'.:" '-I: pas. ON = PV'SON)pos, OF~= PV5 OFF.'
- ,2: pas:, ON= PV6 ON / pas. OFF;,=='PV60FF

, •" ~3: NOTACTIVE' " " '
. '<': ~A:pas. ON == RP?-3 MANUAL /pos. OFF == RP2-3 AUTOMATIC,

... ,J

, .-.
\,' "

, For AUTOMATIC operation all the ,microswitches of the three regulators.must be' in the OFF, ",;:<,:\~"
.' . position ..,' , "

d'; ,..F,or.MANÜAL operation,' the' regulator does not control anything at all, that': is, 'the vOltag~'. "
. thresholds ~re left in the operator's ,control. In this condition the,voltage of the battery has to be,' 0;" '.,

properly checked to avoid dama~ing it with overly hi9h loads or with overly great discharges.. ~, .. '. '
, ,, ,. .. . . -

, ,

, 'With MAN UAL operation it is advisable to follow the indications below:
'. .,.j;. \ " I.

'.; .Check that all the microswitches are in the OFF position.
,"' '.,

(.. , - . .
, Starting from regul~tor RPl, put microswitch 40n ON. ...'~ .- ~, ' ...

, . . . ,, . . ' .

Put M-ticroswitchesland2 on ON-,The LEDs PVl and PV2 are alight and the subfield~ PVl arid
PV2 are connected to the battery.T:he voltage wilt increase in valUe (be carefLiI not to go past the.
rnaxvalue). ,

Ä.fterthe test, agairlputth~ l11icroswitchesi~ position OFF.
. ", ,,-

After this, the same test can.be performed with regulators RP2-2 and RP2-3.
.. , '. '. .

N.S.:' FOR AUTOMATIC OPERATION OF THE REGULATION UNIT, ALL MICROSWITCHES
MUST SE IN THE \\OFF" POSITION.
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7 INSTALLATION

Install theboard in the room and conneCting the earth cable to the terminal strip where the yellow.
green contact is located. ,

.Put all the switches of the subfields and of the battery in the 0 FF' position. '
, Make all the connections indiC:ateq:

N.B.: THE POLARITY MUST ALWAYS BE RESPECTED,. AN ACT OF CARELESSNESS
c-au LD SE RIOL! SLY DAMAG E TH E WHOLE SYSTEM.
Before connecting the subfields it is advisable to 'open all the switches of the junction box.
The following are the connections, to be made:

- CONTACTS IN THE TERMIMAL STRIP

, NÖ1 = "-" (NEGATIVE) BATTER.Y
N° 2 = ,"+" (POSITIVE) BATTERY
N°3 =,\~~" (N~GATIVE) SUBFIELD PV1
N° 4= "+"'(POSITIVE) SUBFIELD PV1,

',. ," , ' . .,.. ;

, NO'5 =:"-" (NEGATIVE)SUBFIELD PV2
N° '6 = "'+" (POSITIVE) SUB FIELD, PV2" '
N° 7 = ,,_\\ (NEGATIVE) SUBFI!:~D PV3 ", >

,W 8=\\+" (POSITIVE) SUBFIELD PV3
W 9'=\\_\\ (NEGATIVE) SUBFIELD PV4 '

'W 10 =\\+',' (POSITIVE),S UBFI E'LD PV4,
W 11 =,\\~" (NEGATIVE) SUBFIELD PV5
W 12 =\\+/, (POSITIVE) SUBFIELD PV5
W 13 = \\_\\ (NEGATIVE),SUBFIELP pV6
W14 =,\\+" (POSITIVE) SUBFIELD PV6
N.o15 == \\_\\ (NEGATIVE) SI- TEMPERATURE PROBE 1
W 16 = "+" (POSHIVE) :SI. TEMPERATURE P,ROBE 1
W 17 = \\_\\ (N EGATIVE),S2 -TEM PERATU RE PROB E 2
W 18'='\\+" (POSITIVE) S2'" TEMPERATURE PROBE 2 '
N°"19 =. ".:~\ (NEGATIVE) S3 - TEMPERATURE 'PROBE 3
W 20= "+'1 (POSITIVE) :S3 ~TEM PERATU RE :PROBE3'
NÖ2~>=: > CREPUSCULAR <DO NOT LtSE)
W 22 = CREPUS~ULAR (DO NOT USE)
W: 23 == ALARM Voün COMMqN CONTACT
W 24 = 'ALARMVmiri CONTACT N.F.
N° 25= ALARM Vrpin CONTACT, ,N..O.'_

,
.'

- SWIrCH,~S"
, ,

- SI = SUBFIELD SWITCH PV1::';
- S2'~ SUBFIELD SWITCH PV2
- S3 = ,SUBFIELD SWITCH PV;3:,'
- S4= SUBFIELD SWITCH PV4 '
- S5 = SUBFIELD SWITCH PV5
- S6 = SUBFIELD SWITCH,PV6,
- $7 = BATIERY SWITCH .,

.,1 H,

,'- 'j , .'

~. ' ~

, .
. ." . '"

',' .;.:

, i

, ,
>': ..-;f..... ,

" ,.'.;~.,t::' .

, , ... ,'

" ,..", .'

' . .'i .

. ;...
'i

.
"

l'.

:.1

,;
, "

'\ ,I

8 START-UP
i

" I. I
After having made all the connections arid checking the 'correct polarity of the leads, leave all the
switches on the board disconnected.
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,Check that all the'microswitches of RP2~1,' RP2-2and RP2-3 are in the OFF position.
, Close the switches of the junction. boxes.

CheGl<the value of the battery voltage (around 110 V).
Close switch S7 of the battery and wait for 60 seconds.

~the LED BATOI< is alight (the LEOs Vmin might also be alight, according to the value of the
voltage)
- the other LEDs of the subfields may be alight.

~Iac~ the voltmeter,on contact 1 and 2 ("-" and "+" of the battery).

Close'switch S6 and check,thp.t the value of the voltage increases; after this slowly close the other
. switches S5, S4, S3, S2 and S l.
: The voltage will increase up to the value of the end of battery charge and corresponding to the

preset thresholds the regulator will cut 9ut the relative subfield: this condition is signalled bY the
. -. .

'U:;Ds. With theevoltmeterl the correct value of the voltage can be checked.
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r'i-iE ENERGY SECTOR

By Ibrahima DABO
Department of Energy

Ministry of M inin9,
Energy and Hydraulic

Senegal at a'glance

, r

Area: 196722 sq,km'
Population: 9 600 000 (60%.living ir t;ural areas)
Growth rate / year:2.7%
Administrative Division:

1.0« Regions»
}O (~Departements,» •.
90' « Arrondissementsj)
" :. '. • ". :,1 . "

,.' 3?.o.« Communautes Rur.ales.» ..
. Main Cities

Dakar:(2 000 0.0.0habitants}; .
Thies: (25.0 0.00 h?bitantsf..:

, I<aolack: (23.0 .00.0 habitahts)
Ziguinchor: (210 .0.00 habitants)'
Saint Louis: (150 000 habitants)",

Energy Policy

" :-, '.

. ,l.:

' ..

. ; "

'S,enegalenergy pOlicy is part ofa global strategy defined by the Government.' Itspverall' obj'e,c.tive
is to achievesustainable economic growth while promoting social development. It focusesontnree ,
basic'aspectsrnamely: " . ,- , ~::;'''
.' Economic: ratiOrialising energy supply,' production, distribution and .consumption ,conditions in :>,

,conformity with thE!country's long term interests;'. . . '.
• ,Social: providing marginali~ed" people':in urb~n and rurc;tl areas acce,ssto rripdern'sources of

energy;,. ' . '
• EnvironmEmtal: preservirig basic ecological balances and promoting a rational management of' '

., rural estates in forest zone.sexploited for el1ergyproquction'purpo'ses.
1 '-,.' • ' .;

. The main objeCtivesof the energy policy may be summarised asfollows:" " '
• ' Ensuring adapted,'sustainable, .efficient and IQw-costenergy supply for consumers;
• Rec;luCingdependencyon imp~rt; fotenergy requirement; '" .:.,.. , " "
• Assisting in protecting' the environment.' .

" ,

Organisation of the Energy Sector

The organisation of the energy sector in Senegal is as follows: .

National Energy Commission .
This Commission defines energy policies orientation under the chairmanship of the Prime Minister.

National Energy Committee
Establishes proposals for the National Energy Commission.. This Committee is chaired by the
Minister responsible of Energy.

I ., r •
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Department of Energy
It is the ,Secretary of the National Energy Commission and makes the implementation of the
Energy Policy, '

rtisorganised a,sfoll,ows:

Planning and Management Division
E~ergy Policy;
Energy evaluation,and statistics;

, Offer and demand;analysis;
, "

National Energy Fund management

Electricity Division',
I '

S,ENELEC tutelage;
1 "

Urban Electrificatio'n;
Rura,1Electrification; ,
Follow-up of the sub r~~iohal projects(QMVS, OMVG, UEMOA,' ECOWAS,.. .)

Ehe~gy Saving and NR'E Division,
, Mastery of Energy industrial and tertiary sectors ;

~ewahd Renewable En:ergyDivision.',. "> "," '" ~
'Promotion ofnewanq r~newable energy sources; , ";>'

: ": Rura,j'Electrificatio,n by new and r,enewableenergy systems;, . . ~',", ';. ",<,,,:),',
FoJlow-~p.of thesl!bregional projects in new qnd renewable energy'sector (U EMOA, ECOWAS,.::Y ,

HydrocarbonsDivi~ion: ' ','
Supply 'and distribution ofhyprocarbons products;
Member of the National Committee of Hydrocarbons;

,J;>articipatein the elaboration of the ,prices of refined petroleum products.

Household 'Energy Division, .
Supply of cities in wood energy; ,. - " ,

Butanisation;
Improve stoves and alternativesfue!~.

J'I, .

,.-'" .'
':7:- -~_.. -; \' to • ' •. 1 -;~

This division is also member of «Cell of household fuels» with other Departments of other
Ministries:
Ecological Follow-up Centre;
Direction,of Trade; ,,' , .
Ministry responsible of women's affai rs;

'. ,-" ",

, T~e Energy Sector in Senegal '

The Energy sector in Senegal can be divided into two sub-sectors:
• The« traditional» Energy Sub-Sector dominated by firewood and charcoal mainly used for

food cooking, and acco~nting for 60% of the energy balance;
• The « modern» energysub-sector which includes oil fuels (35% of the energy balance) that are

almost imported and heat-generated electric power (5% of the energy balance).

j
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firew ood
40% .'

charc'oal
16%

electricity
5%

......... : P"ifly"ö"ll u m p rCl duc ts
,38%

In Senegal, The energy sE:ctoris'first characterised bya twofold dependE:'!cyon other countries, i;e, ' ,
for both technology - most of ~he capital goods a.re imported - and hydr'oc(;\rbollssupplies,This.
dependency entails high costs (in foreign excha(lge) and prices that affect the competitiveness of
certain economic sectors at the interhationallevel. ' .

Besides, wood-fuel consumption has sevE:r~irnpa,cts()n the e~~i~onm~nt~ Trees are felled. to meet
" ,

Urban Households- . ,', ..~'. . ,

..' \ .. ''',''

" .

charcoal
,56%

Butane .. '
Gas
12% ;

Ele<::~ricity ,
4%'

, ,

firewood
28%

",:

, charcoal
8%

Rural Households.

firewood.:,'
, _I.-!l

88% :.
.. 'J"-~~'~""'~~'.:"'"

. "

urban consumer needs and this account for the degradation ,of natural forest resources:and the,
attendant repercussions in rural devel9pment in general.' . ' ,,'" , ': :.'

.-1.'

.Households Energy Consumptio~~. , ' .
; ,'~. '.,.

, ,

"
. "

" '- . "

In, theen~, ..then~ is a hU£le..gaP..betWeen the' rural and ..the urbal) areas. A great number of.
... households ii'{ the middle-sized towns and rural' areas st! II do nothave access'to' «modern» soUrces
, , of energy. '

• , • _I, • w, •

Asa result of this constraints, substantiafefforts aremadeto rationalise the conditions 6f.en'ergy!
supply, production and cjistribution ..so as to provide margin~lised people with modern .energy' .
services and preserve the basic" ecological balances. As. part of these efforts, institutions are

• , '_ .•.• 1.

encouraged to the sector's new demands, private resources and actions are pOQledand the energY'
sector ,is reorganised with emphasis' on, local fossil resources (oil, natural' gas and peat),
hydroelectric and renewabl~ sources of ene~gy;' , , '

PETROLEUM

Hydrocarbon supplies almost exclusively consist of imported oi" products refined by the "Societe
Africaine de Raffinage". Oil imports (900 000 metric tons/year) weight heavily on the national
balance of trade (15% of the country's export earning). Some 60 to 80 thousand metric to'ns are

" ,
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re~exported every year to' neighbouring countries.

'P'ETROSEN promotes the development of, the Senegalese sedimentary, basin, in particular oil
deposit discovered between 1950s to 1960s. It is conducting prospecting and mining operations
with international companies within a framework of an oil code particularly attractive to investors.

The "Dome Flore" offshore depp~it (o'ff Casamance) is the first major source of hydrocarbonsevet'
discovered in the country. It includes potential reserves estimated at some 100 million met/'ic ton

'oJ.heavy oil and 5 milHon metric,ton of light oil. Prospecting operations are under way on the site.

'"
Following the disco~ery of, light oil and natural gas reserves in the Sebikotane areas (near Dakar)
about 100 000 metric ton of crude oil and 100, million cubic meter of natural gas are being
produl!:ed since 1986. The 500 million cubic meter gas deposit discovered in 1993 is currently
used for the gas turbines of the National Electricity Compan'y.PETROSEN is conducting wfth

.,private partners ,in Thies and S~bikotane ,high resolution seismic prospectin.g operations to confirm'
the existence of important natural gas reserves. '. ' . . ,.

FOurmajorcompahies«~:LF"TOTAL,'MOB'IL and SHELUtradedpetroleum products. They own
. ".:., .'storage, processin'g and. distribution ~acilities throughout the country. Petroleum ,products are,

.,mainlY used for electriC power production (fuel and diesel oiD, transportation (diesel oil and petrol),
and for household consumption (butane gas and kerosene).

, SHlce',19'98, big changes o~c'urred with the' liberalisation of the sub-secto~ by:
.:' :libe,;alising the importation ofpetroleum products; , '
• revising the pricing system; , , '::
• ,opening the transportation systeh1.tocompetition so as to make thesub~sector more profitp;bl~;

and reduce the productive sector's. energy bill. Before 1998, only electric poiNer produce'rs.
, could purchasefuel supplies,directlyqn the international market. ,.

., The other fossil energy resources .

, '

Senegal sedimentary basin (230 000 sq.km) is part of a larger divergent passive margin basin,
stretching from Mauritania to Guiriea-Bissau ..

, ',' ",' \". ' . ,

In 1982, some traces of lignite were discovered in most of the oil drill holes acr.oss t~e,countrY's'J
sedimentary basin .. Some' research campaigns are being conducted to confirm' the find.ings. .
SiJbstantial reserveswe.re ldEmHtied in the early 80s along the coastline between Dakar and Saint'
Louis. The geological reserves of the basin are estimated at 52million cubic meters and could be .

• • '. - . . - • :. '¥

developed to produce fuel for household use. ' ': , ' ',' ;,
.,-.'.\
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distribution of oil products consumption

" .., ...
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ELECTRICITY

• I

transport
27%

electricity , '
production

39%: '

households
7%

, ,

handcraft
5%

,'"

j ...

',(
'j •

InDecember 2000,S.EN'ELEC OWhs:productioQequipmeilt (exdusiv~IY for heat.gerieratedelect~lt
, power) with a'capacity of 422 MW ofwhich396MW supplies the interconnected grid.::in 20obiI.t~,: ,', "

. produced 1200 GWh against the consumption of about 300 000 tons of petroleum products.', Tne;~:':,.:'~. ':,:' ';
principal ,"self-producer industr,ies'" are ICS" (Chemical. 'producing Company);' 'css \(Suga'r\'''' ":'.l>,. ;
Processi~g Company) and SONACOS (Cooking' pil proce'ssing'plant>. They have morethan'ldOb,!~.' :.... . ~'.. '
MW production equipment worked by process-generatedsteam and fuel; cane-trash a~d groundnuf:'~J

. . '- '. "'.,
sheIJsrespectively. They produce over 100 GWh per annum, a slight part of, which', is',sold t6'~,": '
,- . . " . .. ," . , !'."~."SENELEC.' '. ".;, . .',.,

. ., .
• r . • -

S'EN~ L.E C has ab~~t 400' 000 subscriber-sin about 550 towns.and vi IJagesc'onnectedtotti~ ..QriCi"
or..supplied by autonomous plants. ,There has been a constant increase in etierg'y s~lIesover"the'
years (approximately 5% peryearLThe development.of electrification has safar been hinder.edby
ttie' obsolescenceof prOduction facilities an'd thei'r low capae:'itywhich cali n~;Ionger me~t the 'ev,e~'
increasing demand. 'An important program has therefore beeiilavnched .to rehabilitate existing'"

~' ' .:. ' , _, _' _ . _ _: • _ ,." . \ " • 1 •

plantS and theproductiorl'sector, which is rioiN'opened to private entrepreneu'rship, whiCh allowed
the instaliation':ofa50MW powe'r'plarit in: 1999 (under' Boor operation). 'The Manantali:

, hydroelectric poyver station (200MW) i~ expected t9'be(j~erational :by the year 200:1 'and 'will
provide Senegal with a productioncapa'city'of260 GWh/year:

About rwral electrification, its. rate is around 7% in 2000. But substantial efforts. are being made
to significantly speed it up which constitute a prerequisite for any successful balanced development '
policy:' Access to electricity helps i'n'alleviating poverty and illiteracy, improving health services
and women's living standards as well 'as in controlling the rural drift and its pernicious effects on
urban management. The voluntarist policy,now implemented is based on private as weH as public'. .' .

investments and it relies mainly on, renewable sources of energy. The target is a riJral
electrification rate of ,15% in 2005 and 40% in 2015. The Senegalese Agency for Rural
Electrification (ASER) is now built and is charged to reach these objectives.

Note Before the" Low of Orientation of Electric Sector" il'\ 1998, SEN ELEC had the monopoly of
electric power production, transportation and distribution in Senegal. Actually, it only has the
monopoly of transportation (for 10 years over which it will be possible to big consumers to buy

.'. "
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directly to Independeht Power Producers>.

Electrjcity ~onsumption by sector

administration
4%

servIce
20%

" '

.
, "

industry
45%

households
23% others

2%

... " ~
. ~. .•l :

WOOD ENERG"i ':,." . ,: ....... ".

\ '.. ;.,!.

W0pd ,account for.90% of the. household energy consumption. It is mainly' used .for cooking, ... '
(firewood',in rural areas arid charcoal in urban areas) and for some handcraftactivities .. :'rhe

, national consumption' is estimated at, 330 000 metric ton of charcoal and 1,500,000 metrktb'n qt'. "
. ,- " ' wp'odlwhiCh ~ep;resentover 4 million cubic meters of wood. T~e charcoal demand: is addressecf - '.': ' ,
. ",: thro'ugh '$ustaine~,tree fefling operations in already weak forest reservesand thisJindexpression' in,' :',:" ,,','

. th~ clearingof.30, (jOO.'ha'of' natural' forest every year. Production areas are located in'the-.A' 'i"

Tambqcounda and Kolda regions, about 400 km away from the capital city. The turnover of.this',:
sector amount tö, over 20 billions CFA francs. About 20 000 individual.draw'inCOh1e from, this' ,,:,'

'.r:.iactivity.- Thes:eiQclude:'tree fellers, charcoal burners, loggers, truck owner's;'drivers/Whole--sellers~' ':', .'.'
'":~;"f,, ,,', "and:retail ~'rs:in 'urban':areas.",',However,' the earnings are not'equa Ily distd büted:among the;vari bus:'>': ,~'

stakeholders." " '" '
" ,:,:. '~:1'"'~ '. ': ~ ...., .'''' . ', .. ,. t

" .. '

. ',,,, Ensuring sustairfabl~ wood supplies is a major c~allenge for the future. This can only materlqlise
,,(' through 'a voluntary substitution process which entails the implementation of the ~\butanisation/,

i:)oli~YIa feasibiiJty studyOCintheuseof. keroseneas cooking fuel, and a stringent control of wood, '" ':'
energy"cons,umpÜon w,ith tre development of fuel-saving stoves. ,'However, ,the forest exploitation ..

'system also needsto be thoroughly revised with a new forestry code that allows for the involver.nent
. ,an~ empower'!lent of rural communities in the management process.

,- ',": Butanisation

",,_ ,_ ' ," . t

, The,effort made by the public authorities in regulating butane gas prices and investments bY
. distributors increased the ,national cOnsumption from less than 5,000 metric tons in 1984.to

15,000, metric ~ons,in ,1987 and to more. than 80,000 metric tons in 2000. Butane gas is.
p'resentlythe chep.pestcooking fuel used in most cities and towns. The rate of gas cookers OWn is'
very high: 85% in Dakar, 75% in Thies and 60% in other cities. Savings realised through the"
promotion of butane gas are estimated at 90,000 metric tons of charcoal per annum, which
represents 10,000 haof preserved natural forest.

RENEWABLE SOURCES OF ENERGY

For the past two decades, Senegal has been implementing a major Research~Development
programme on the use of renewable energy sources that helped in assessing their development



. '~

prospects. ;. .' ".' I

With a high solar potential (global irradiation is estimated at 2,000 kWh/sq.m/year with 3,000
hours of insulation per year) as well as the advanced' status of photovoltai'c technology,
photovoltaic solar systems are now a sustainable solution in rural areas, They are particularly
adapted to decentralisea consumption pattern and slight energy requirements. Such equipment
allows fo r the del ive ry of high qual ity servi ces some prio rity needs such as potable water supp Iy, .
lighting, refrigeration, TV, video and audio systems, battery recharging, etc, '

, .
Various experiments and programmes have been conducted for the promotion of this technology,
About ten solar, equipment distributors are trading components with an, i,nstalled capacity
estit'Dated at more than 800 kWp, Thus, 5 power plants, 10 desalinisation units, 80 pumps, about

, one hundred commun ity systems and some 2,000 househol d one are cu rrently ope rati ng, '

',.

To promote the development of th is secto r, thegover'lment, of Senegal has granted costumes duty
~nd tax exemption for solar eq"uipment (kits and photovoltaic lamps and solar water-heaters), The
Senegales'e authorities, are wi II!ng' tQ: create?t"l .institutiot:lal,. techoical and financial, ehvi'ronment

, . conducive to private and community, initiative,s and Ii I<ely to offe,r tacLUties fq.t: the mai ntenance and
rerjewaf of installations: ' ,

They are also. explorin9j with private partners, the fe~sibility ofa photovoltaic modules,
manufactu~in9, plants that would supply the West, AfriCan, E~onomic a,nd' ,Monetary ,Union"
(u",EMOA)market. ..

'~~t-.,~,; " :

, , ,'S,o'l,ü', energy is' also used' for water heating ~and dryin9.pu'rposes with solar vtater-heater.~: and thi~ '; ,';
practice mig~t.be extended to private houses. Apout.SOsolar.dryers' are also used f()r,~sn:ial,~-scale":'
processing of agricultural products a'nd foodstuffs. " ',,' " " . ", . ". :"", ,'" . :',,"

," '. '. . : . ,.;'" ;." . . .: ,~;:''''''.; .
'Wind energy is 'particularly promising along the coast!ine (betWeen Dakar arid Saint lO,uis) where"

" the average speed of winds ran~es from 3. Ttc> 6.1 m/s. The ground water in this ar.ea i~~at;shallow.
depths<l to 10 m) and thisal.lows for the instal.lation of wind-driven pumping systems; About<lS0,
such units are operating, A training programme is planned 'for local producers and operators, who,
could then promote a wider dissemi,nation of such equipment, • Furthermore, a :feasibly 'study on
wind~driven genera~ors is.being conducted 'together with a p'riviü~''partn~r, : :;,.",

,.....
". ,,~~t.;1

, .• ~t., •.. i~i.";
':':..i~~;:
.~.. \t~~i;.

);.t~
~"~t]

,.," ..

Pumps
18%'

Household
systems

12%

. :. :".

, " , .

:Community ,
systems'

: 29%

'Installed Photovoltaic Capacity,'

'f

Power stations, .
29%

Desalinisatlon
units '

. ;.12%' ,
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'ENER'GY SAVINß

.It has become necessary for the Government of Senegal to take energy-saving measures in view of
Senegal's dependence on oil imports, the, need to cut down the cost of production factors and the
wi'll ,to preserve the global environment. 'In this regard, cO'nsiderable work has been done in the
industrial sector since 1986. The energy consumption patterns of forty-seYen enterprises among the
,large-scale consumers were audited and the exercise revealed a potential saving of 15% of their
total consumption. ,Over one hundred projects or initiatives have been implemented through a selr
funding programme estimated at2.5 billion CFA Francs.

The public authorities intend to continue their energy c,onsumption control efforts. Several
m:easures have thus been planned and these include:

.' • t .

e ~suppqrting the implementation of highly profitable investment programmes identified in the

industrialsect6r; ," .'.' ' ,
e; 'auditing small and me'd}um-scale enterprises and assisting with financial resource mobilisation;
~ ',)mproying ele,ctrIc pqwer management in public facilities;
~. ,promoting the 'use of energy"saving electric equipment (with incentives);
~ implementing ä con'sLimer information, advisory support and 'assistance programme.

. l:" ; " ,~'_', '" ;: " '-J " ' __.' " '.
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p\/power Systems Applicati,ons

0-

ByJohn M. Ngundam, PhD
'Associate Pmfessor 9f Electrical Engineering (Power & Reliability)

, Ecole Poly technique, Yaounde
Cameroon

PV power systems are increasing'lyseen as t,he solution to the problem of extremely low access to ,
electr,icity in Africa. While this may be true, it can, only be a shol,t-term solution to the problem~
In 1995, the access rate to' electric power in Cameroon (population'15 million) was36% with 64%
of urban households supplied as against only '9,7% in the rural areas where, over 70% of the':
population lives. This situation has' not changed in spite of the' fact that the country ,is "endowed,
with rich solar and hydrqelectric potentials., Ranked 18th in the world and 2nd in Africa a'Her the:
Democratic Republic ofthe Congo, only 4% 'of :its total hydroeiectric:potenlial is be,ing~xploitec!>,
The use of solar energy for rural electrificatiol] i-san option that has not been:taken yet. "

.. 0., • ,~ ' .. " ,_ I, I , • !!t . , .;.

In Cameroon, access to roads arid. electriCity seem ,to improve villagers' chances drcamlng our'6f'
poverty. Farmers of cocoo\, coffee/rice, öilpalms, soybeans, groundnuts corn,' beans and other' : ,;
agricultural produce need, roads and ,Incr.easingly electric energy tofransfqrm some of ,their:
produce into oils (groundnut,' corn, palm I=tc.) and being an equatorial forest- region energy is"

,needeo far treatment wood. This ~xperier1cemay,nat~e. uniqye to Cameroon.',' ,

. p'v rpower:systems are th~refo're' short-term sql~tions' to' the; electricity needs ;~f..thes~ localitie~,i' '.:' ;\;",',' :
situated, off the grid lines., Ho\A(ever,the planning of the 'sy~tems must be done with atleye on the ;').:-'(,:,'1'" ',i
economic potential of each locality and the possibility of expanding and'modifying supply systems I',~ ' ,;"\:,,,::,'

tomeetgrowing deman~ as 'econo~ic coi1ditiorls improve for,these regions. " 'J' "'"
, ,

. '. ." ,

In this presentation we shall be looking at vl=ry low and high voltage applications'of PV systetns ?ls.;,:. ::,
stO\nd-alone~, hybrids or grid solar generation methods that could provide higher capa<!itiesand "
'voltages. The new methods may riot necessarily mean the eHmin~tion of small system~ but rath~f
the design shoUld have an eye on the eventual connection of stand-alones to the grid system.

LOVY VOLTAG E APPLICATIONS
, "

Common Uses of Photo voltaics " "

Basic Low Voltage Electric ConcePt~

Advantages and Disadvantage~ of Solar Electricity
, " ." ~ J' ,

COMMON USES OF PHOTOVOLTAICS',

, ,

Replacement for petroleum-fueled generators

Grid Power and even dry ceH batteries

Low voltage DC lighting systems and other home uses such as powering televisions, cassette
, players, radios and other appliances that require low voltage DC supplies.

Other uses such as:



... "..clo

Water pumping .

. Small cottage industries and institutions: Small businesses and schools use solar electricity to
power lights, 'sewing, machi"nes, cal'culators, light tools, computers, typewriters, and security
systems

Telecommunications: Stand-alone ph.otovoltaic systems. in remote locations are used to power
tEilecommunications equipment in regions without access to electricfty.These include radio's,

, .
remote repeater stations and weather monitoring Equipment

. , ,

, ,

Health Center Refrigeration and Lighting: Solar' electric systems are popular for vaccine
refrigeration in rur.al health centers

BASIC LOW VOLTAG E E.LECTRI.CCONCEPTS

, ',"

':'.\', '1 :':

. 5 :: .....

"~? ",I

. ,
I 'J, '" ;.~'. : "~

Definitions
. Rate of flow of electrons throUgh a circuit
Flow of electric charge, which doesnot change direction- :,
with time. "
Electric current which flows through a conductor in one',
direction and the3n :the other, and continues to switch
back and forth over time ' , ' .
The difference in potential energy between the' ends of a .
con~uctor gQvernrng,the'rate of flow of current ,:'. '>.'
The. property of .a. conductor which opposes tne flow:cif

, I ~ ' ." r. '. '. • •

current through it and converts electrical energy into
1 • ~ I ~

.heat . , 1 , , '

,Rate,c;\~whichenergy ;issupplied from the power sourcß'.' .

'. ,

Vol,ts (V)

Amp (A)

Uni~
Amp (A)
Amp.(AY

,; ,

Ohm's,.
(0);

AC,'

. ,
• 0 '.' ,I

, .' , ~
. ' ,

Term: .Symbol,'
Current ,I . " , :'
Direct.Current .DC

.Alt~rnating
Current

"i!;.lectric"~ . '" 'P'i watt~,'
Power (W)
Power (Watts)'= yoltage,(Volts)x Current (Amps)
V.6,lta9~(\Io!tages>"x Resi~tance(Öhms)".
,Regular ..Phot6voltaic voltagescouJd'range from 12 to.220 Volts ... ,

.p'otential .
'pjffer~nc~...::.
::~"esJ~.tance

•. -\ 1'-.

. : - '<J" -'~i. ~ ,',,:,. ~\ ••

..... '" '-" .. '

'. ~'. f ••

\ ...... ,'.

'I ',t.
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, .... A~.va:rit~gesand Disadvantagesof Solar Electricity ., "',

1 .•. ':t"

,- '(

~ ," ", Cl .'

Advantages of Solar Electric Power' Disadvantages of Solar Electric Power
Solar ele~tric systemsdo not use.any form The initial cost\ of solar electric systems' is high'"
of flie!. .,'" ,'. especially by rural standards in Africa.

" ,

, ".
','. ~. .

\ J"

~ fectricity is produced' quietly without
giving off environmental pollutants

"Sohlr, electric 'systems require very little
:rnaintenance. Modules have 'no moving
parts and last for over 20years

Solar electric systems require batteril:s for energy
storage. Batteries require proper maintenance if
they must remain reliable. The performance of
systems is dependent on the quality of batteries
avai labi Iity , ,

Appliances and lamps, which run on low voltage,
Although installation costs are high, solar are not as readily available as those thatrun'on
electric systems are economical for many mains power..
applications. Cost of solar cells' are
falling and obviously together with other There is a lack of trained technicians to design and
renewable energy sources such as micro install solar electric systems.
hydro are useful where mains electricity

- I,
!

I
I_... ' ..I
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does notexist '

Solar electric systems could be tailored to
meet needs' of individual small scale
applications

Small solar electric systems are safer
becauseof the low voltages.

LOAD ANALYSIS

Solar electric systems cannofbeexpanded 'easily in
,situations where load growth is very dynamic

I

The high initial cost of installing solar electric systems demand that we take special Care in sizing
or doing a proper load analysis .of the system. Should we miss the opportunity to do this, we
definitely. may be making a poor job of sizing and choosing the ModuleCs}. These errors will not be

.Iimited' here because there is likely to be a' poor choice of charge cOrltrollers, batteries, 'and.
'i~verters where they we required. In fact we could ef1dup burning down appliances because9'f
tb,eseinitial errors. Others:rDay take up,this subject iii, their lectu,resqut le(mestress the poin't by ,

.m'al~ingan,ove'rview of thesubjed <if :load Änalys[s.Th is is an~important area:of,systems:design in
small,'stand-alone o~ grid'systems'and 'it 'should b~ treated' as'such ,(show"and comme!1t on:over , '
headislides), "

, '

,I,
,"

H:IGH VOLTAGE' PV APPLICAT,lONS' " '

E'lectricity like roads bring along with them other kinds, of social and commercial. activities>:;:,
req'uiring more electricity., InCaineroon, ~hereeven cocoa growers looking for,'electric energy'to~;;:,"
produce 'cocoa butter, in ,regions far off the grid 'system. Clearly, the need for electricity in 'sever~I'~\~,~, . ,

,- '. J

areas yet to be supplied by grid electricity go beyond lighting and powering Iightappliances. The ,:", :
potential for creating jobs in most of the so-called regions .off the bea.tentrack'exist and theiack ,oJ;~: '
elect~iclty and roads'seem to be the only stumbling blocks. ' ,,';": " '",,!-,~<

.. ~;:.~.
In'Africa today, solar electric systems are..almost all low <12 to 24)voltagelow.capacity supply,;.,
systems. As we have seenabove, these systems are used to power DC li~hting.in homes and to run.' .
small appliances." Although system voltages could always be-increased to run AC systems at 220

" Volts (homes for exampleHhere are limits to how much expansion can be carriedoufto' meet the,
, . . , '.. '" " .,.

needsof dynamic load growth. ' ..',

In the case:of rural elect~ific,ation, individuals in Africa ,a.reg~nerallytoopoor- to dwn their own'
"solar electric systems. Experience.with cooperative community water supply systems and health _
, centers in a number of countries on the continent.suggest that villages orcommunitiescould find it

useful, t9 pool their resources tö develop renewable energy supplies for their domesti~" production:.'
and commercial uses. ,,': " ,', ", '.: , ' , ". ',' " ' , ' ,

., , "

i
I

,'1

, I

~. -' , '

I.' ,;. .

The composition and structure of the sy~tem can only be d~terll1ined after undertaking a feasibility:
study to evaluate several different schemes including renewable, energy technologies, (i.e. stand-"
alone and hybrids>. Each power system type has to be measured against a list'of criteria some of
which are: ' ,
• :,Suitabilityfor remote locations
• Reliability
• Cost of energy ,
• Ability to accommodate local growth,
• Large peak demands,
• Service lifetime

, I
\



.'. , Availability of skilled technicians locally to run and maintain systems
• . impact of a grid system yvhenand i(jt eventually passesby
• Potenti'albut profitable economic activities in the medium- to long-term'

, . ' .,
RtJ,RAL ELECTRIFICATION

Rural'.electrHicatiOil with solar electric systems require high voltages and capacities than the 12-
or 24-Volts snlall~scale applications generally seen on individual 01' small institutional levels,
Electrification schemesshould go further than poverty alleviation to include further development of
rural Africa in the long"term. Thereforei solar electricity in combination with other renewable.
suppli'esat far higher powel' voltages and capacities should be considered. Surely the requirements'

,for each village. ,may be' different. H,owever, the guideline for d~termining different comfnunity
'.nee'dsis pl'ovidedimmediately above.

.COMM ERCIALAND ,SOCIAL ,ACjIVITI ES'
~,' ~. .

;.

T' '

,.,

,". . ,

" ',' .. Cqtj1mefC'iaI.'siotesquj~I~IY'appear in' vi Ilages.that use.diesel generators a'nd telfld to. grow a~.peopl'e. '
,....a:bando~ far off.pl'aces in the bush to concentrate in villages so electrified. The deniandfor",

'electricity has 'generally not matched' available supply. Globa!'isationcoupled with the rapid
'a~vari'ce~ofJhow,ledge-based econof'!1ie,scan make a formidable impact even in n.iral Africa' as ".
.welh Computers will definitely find their,way into villages as lon~ as electriCity is available. Low

.' 'cost'versions:bfAut9Card could ,easily find, thei I' way into villages with electricity. ' Technical'school, .
.. :,~.', .'gra<;Juatesin thefi~ld$ ofdesignin~ dressesand woodwork could find profitable employment if only .
'. "~,', reliable electricity wer:e'availCible.. ContrarY to what may be considered,electHcity. demand, .in."; ,,':

,>J;i:'aseswheie~'.itexistslcouldbe"a'2+hour :affair. 'Solar arrays evenwith.battery,backuparejust:
, " " ..... -., " ., " .

...:;,! ,:> .':iinadequate';,::Thes~'l~vels of capacities "and,voltages cannot be'suppliedby'solc\'r arrays"alone.:The '",'l'
" I disadvantages'orHmitatfons of solar electric systemswementioned above apply at this'level too.'C' :' .,.

. , ~" ,

:.,!-:'.,':" ,,;'Sociakadivitiessuch:as' nightlife (dahtfn'g spots 'particularly;' the odd cinema theatre efcJ seem to:f
. j' '" '. b~örrtheri'Se;, '~';So"'alsoi'~:'fhe."demand for, electricity. 'Even' s'o,'in Cameroon~;.we':have',seeriam'

.' I • . \

acceleration of small halls'projecting popular films on v.ideocassetteihseveral villages were viqeo :
}elec~ricity is'available ..' Villages no more go to bed too early. Their social life is definitely,'
changing. At leas(, for those who can afford it; nightlife in villages seem to be getting more ...
interesting.'

sr\lfÄLL SCALE INDUSTRIES , " . ,.' ~' . " . ",". ,",

, ,

. Several Rural~nd oth~r communities thatare notinthe 'route Mgricls of manycountries in Africa,
if I should take the.case of Cameroon, do require electricity at voltages as high as 220 Volts to ru~'

. '" saw mills, rice, cocoa, corn and oth~r grain husking processes. Yet others need high voltages and
capaciti~s to run ol! (palm, g.roundnut, cotton seed, corn and soybean) presses. Reliance on Solar
Ph'otovoltaic.arrays alone is very inadequate. .

,, .

. >

't"" .....

~J' . \-'. . -, "_ .: . '::' ..,' ".., ,

';:,: STEMMING THETlDE OF RURAL EXODUS

gxpe'rience' also .shows that All the activities listed above create jobs and rather than villages
suffering a net population outflow to the cities, actually experience a net inflow. Access to
el~ctricity is definitely one of.' the major factors of development of rural Africa .. Continuing
development cannot be based on solar electric from PV systems alone becauseof the disadvantages,
we have talked about.

i
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STATEOP TH E ART OF SOLt\RELECTRIC EN ERGY APPLICATION,

Humanity is going to be dependiog very much on renewable energy to supply, energy particularly
electricity for the needs of the exploding human population. This chpi~eis necessary in order to
drastically cut down the dangerous route towards ,the destruction of our environment Like othe!'
energy forms, solar electric energy is attracting a sizable share of research funds. 'While there ar.e
continuous improvements in PV solar systems, other methods of producing electricity, involving
solar energy are emerging, Two of them (hybri:d and the atmospheric power tower or solar
chimn~y) stand out at the present moment.

PHOTOVOLTAICARRAY IN HYBRID AC POWER SYSTEMS:

Remote Area Power Supply (RAPS) hybrid pOljlJer system should be able to solve most of the
electrification problems of rural communities in Africa. Such hybrid systems' apart from PV
arrays could also include. wind turbines, mino hydro (where available), biomass and diesel, fuel
where the community can afford to. , Scheryles like these should ,provide enough power with 'high,'
lev:e1so,f reliability. ,,, .

. . I "', • ,~

'HYbrid systems, may' actively-charge battery banks supplying power to an inverter.:': As power is ", '
drawn from the battery bank its state of charge decreases. Ea~h on'e of the generatirl9.'systemsin
the hybrid structure .contributesto recharge the battery. Currently, proprietary 'r:nicroprocess~r~,

'base~ systemcontr<?llers are used to moritol' and control the charging of th~ battery,on a,reC\~',:,titT;le,
basis, ,The system controller,is also capable of regulating .the energy of the.photovoltaic,ar~ay ?rid'
the other generating plants in the system. "., '::"~);{;:~;'"'''''''' " .

ATMOSHPERIC TOWERS OR SOLAR'CHIMNEYS
.. ",.'1"

, , .. 'I
" I
.'
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I
I
l
I

,I
I

!
\
I

,1

" ,...

I'"

'. '

t. . ~ ,I', •• ,

, '

: ,

, "

"

,The solar chimney combines three well-known physical principles, i.e. the greenhoUse effect~ .the' '0-.,'.,' '",;,

chimney effect and the turbine. Incident solar radiation heats the air under a:large',coJl.e,ctoYiroof;',,: '::'::"At€:\',:
in the middle of which is a vertical tube,that. is open,at.the bottom. Hot air entersthe:.tube and;' , ',I ',:<':~~:,,:i
creates and upward draft., The draft is converted into mechanical energy by a tUrbine an'dthen'il1tp l. :,'~;

electricity via a conventional generator. At the m.oment, it is possible to construct power plants of
this typ~ with an. outplllt of 100 MW or more, and with them generate electricity-if) desert areas,at;
ci price of about Sterling 0,05/J<Wh~ -Its simple technology makes the atmospheric power tower the'
ideal choice for countries of the Third World; it can be bu.ilt and operated tHere at a'low'cost and
using lotal'labour (see overhead slides); , I, '

I
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STRATEGIC DEVELORMENTS IN TH E'NIG~RIÄ EN ERGY S ECTO.R'"
A CoUntry Paper on Energy
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I NTROD UCTroN

Energy is said to be the engine for growth and development in all economies of the World. [\J,igeria
is no exception. " Energy, and in particular, oil, has continued to 'contribu~e over 70% of Nigeria's
revenUe (1). National,developmental programmes and security have depended, to Cl large extent,
on these revenue earnings. It is also truethat all activitie? for the production of goods and services
in the nation's industry, transport, agriculture, health, politics, and education have energy as an
indispensabl~ Input. Ener~mproxied by ,crud~ oi I, has' ov.er the past five years co~tributed an
average of 13.5% to Nigeria'sGrossD.emestic,Pro'quct (GDP), r~prese'nting thehighest'confributor'~"",,.

" after crop production (1). 'The (:oritrIb'utiorlof. energy, to GD p, is" expected, tGi be high~r whe'n
,-, '... . • • ,,1. . .

ren'ewable energy,which constitutes al?bu't 90% of the,ene.rcjy Liti,lized by the t"uralpopulatioti~ who' ,.',
make up about.70% of the nation's'pop'ulation (2)/is taken into accoun't. ' I

,', " ': '..
,Nature: has. made energy resources,in the world, unevenly' distribLjted ':amongst' nations.' This," '.
situation, in ~ddition to other reasons, has made' energy/' and in particular oi I, an' instrument for";',,,' :;"
re~i'Onal an'd international politics and diplomacy~ I '0': ,,: "~ ;:) :".:

:i •.-;''-.. "

COnsequently, energy in Nigeria serves not only as a tradable commodity for' theearnitig of
national income, but ,also as in, input'to the production of all goods and services~aS' well 'as an ,':',
instru,ment for poHtics; security and diplomacy.. . ',' ':

'. '.

, CONVENTIONAk EN ERGY,

'a. Conventional Energy Resources in Nigeria.

, ~. ,. -','

, Nigeria is endowed with a wide range6fconventional energy resources. These include crude oil, '
,natural gas, coal and lignite, tar, Sands, hydropower ?.nd uranium ores. Estimates indicate thCl.t the

, reserVe forcrucfe oil stood at 23 billion barrels.in:\:998, while thano,r' natural.gas was pi.Jtat 4293
billion in 3at the beginningofl~99 (3). Coal andl,ignite reserves are estimated at 2.75 billion,
tones (4), tar sands at 31 billion barrels of oil equivalent (5) and large-scale hydropower at 10,000

'M W (6). Estimate for uranium ore deposits i~inconclusive. In terms of er:Jergy units, tar sands'
reserve constitute the highesf.wit~ about ,28.3% of the total conventional energy'reserve, which is
estimated at 14.894 billion tones of oil equivalent (TOE)~ Natural gas and crude oil, reser'Ves '
,represented 24.7% and 21.0%: respectively of the total.. Hydropower and. Coal reserves are in
nearly equal proportions of 13.1 % and 1,2.9%,' respectiv~ly. Table 1 shows the conventional'
energy resou'rce types and their reserves iRboth natural and energy units., .

b.. Institutional Arrangement

There are four Federal Ministries with policy and planning responsibilitieson energy matters, and
the ministries have parastatals that are involved in the operational activities in energy. These are
the Ministry of Petroleum Resources; with the Nigerian National Petroleum Corporation (N N PC)
as the operational establishment for the petroleum sub-sector; Ministry of Power and Steel, with
National Electric Power AuthoritY (N EPA) as the operational arm for the electricity, sub-sector, "

" e

" ,
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M,inistryof Solid Mine'rals, ~ith the National Coal Corporation <Nec) as the pperation~1 arm fof
coal, and the Bitumen Committee for tar sands. The Ministry of Science and Technology has the'
responsibility,. amongst others, of planning and poli~y matters with regards to research and

. development, (R&Ö) in the field of sci.ence and technology, including energy. It has research
'institutes .and agendes like Sheda Science and Technology Complex (SHESTCO), Project,
Development Agency (PRODA), .Nigerian Building and Road Research Institute (NBRRl) as its
R&D impleme'nting establishmellts, In addition to' these, there is an office of the Special Adviser to
the President on Petroleum and Energy, in the Presidency, charged with advisory responsibility for
policy and planning for the energy sect()r. Since energy and e.nvironment go together; it would
therefore be mentioned that a. Ministry of Environment exists with .the mandate on policy and"
planning with regards to the environment. r't has the Federal Environmental Protection Agency

.CFEPA).as its operati onal est?-blishment. .

Itmaybe.stated that each of the sub-sectors, i.e. pett'oleum, coal and powel', developed its polici.es
. and pl.anned.!t5 programmes in accordance with its vision. This often resulted in operatiqnal .

. . . prob:lems,over COr'lCelltY9.tionof attention .and resources in particular sub-sectors(s) and conflicts.in
'. I:.:r:. - tb.e ,Qv~raJise!=,tort:senergy'programmes...There was therefore the,need to h;;lvea coordinating body,.;

. which'\iVil+bring'into beihganintegrated approach to policy and planning in ~heenergy sector; Thi?:, .
.f' needwasfl'ladeevef1 more' i~perative by the realization that the policies, pla!1s;andprogrammes.of.. "',

other r;1o'n-energyage.nciessuch 9-S defense, foreign affairs, agriculture, industry as well as of.the .
.private sector establishments, which have energy components. It is for this reason that the Energy

. C;ommission of.. Ni.ge~iq,(ECN) wa,s established. with the resp'onsibilitie.s. for pl~nning. anq .
.'!;.oqrdino:tionofn~tioral policies in the fjeld of energy in all its ramifications.. .' .,:,: '

l, \' '. ~ "" "'_",;', I" , ~ • : ,: " .) t,

, ("! ~;'.':' •.• ,f ••Conventiö~al .Ener.gy,.In/~astructure. .
::: ' .....\ '.: ":",;!,,:: '.,...-''''-"';-,:i:' . . '."-/. "." .." ' ' . '.",."

; '.The exploitatipn of .the bulk: of Nigeria's"oil reserves is handled 'mainly by six major multi.riational'.. .(
cqmpanies in~ointVentur~ ~JV) w,ith the NNPC,'whose interest is I'ooked after by the Nationa.l
Retroleum Investments and Management.services(NAPI MS). Th~six majors 'include Shell,. ELf, ...,
Texaco,.Mobil-Exxon, Agip and Chevron.' JVs control not less than 90% of'the total exploration:, .\ .;:' "'.: .',

.,.: ' ..,:ard.pt:oductio.n:activities :in the country (7). 'Some indigenous Nigerian enterprises are alsoO:. .
't' • , , .,,' ", _.' " ',' ~ :-,,1 .,

.' .enga~ed in the Lipstre'arhoil activities. These include Alfred James Petroleum Ltd, AM NIlnt.. .
. ,,_ P~tr.oJeurnDe\(elop,mentCo.: 'ltd .. And Yinka Folawiyo Petroleum (8). It should be mentio.nedthat
':;'..~.' in addition to.;.JV, prqauctionsharing contract (PSC) arrangement is also. now being used,with'

regards to the upstreamoiVoperations, and in particular, the deep off shore operation~, .
~. ~.' '"~" ,. {' ~ t', j. , '. • • I.

The..!1atiollal"companyresponsible for natural gas .is,the Ni~erian Gas Company (NGC),:a':
,.subsidiary of.N~pC. The .company owns approximatelYl,100 km ofva,rious diameters of gas:'
: pipeline, locatedea,st.ancf we.stonhe Southern part of the River Niger, with a northern extension.

. , .. up to Ajaokuta., The system is capable of transmitting about 1,8000 M MSCF/day of ~as{3).
'. 'Presently, the West Äfrican Gas Pipeline Project (WAGPP) is b,eingput in place for the exporto(

': Nigerian's naturalg.;ts.Four countrie$ represented by their Oil.Cömpanies, are involved ,in the
. project.. These a,re NNPC for Nigeria, Ghana National Petroleum Corporation for Ghana; SoCiete

:', . Beninoise'de Gas for Benin Republi~; and Societe Togolaise deGas for Togo.. Chevron and Shell
. are the two multi-nati()nal oil. companies involved as partners. The WAG PP has a design capacity
.of620 MMSCF/day and originates from the Lagos end of the ESCRAVOS ~ Lagos Gas Pipeline at
Alagbaj Lagos (3). The Nigerian Liquefied Natural Gas (NLNG) Company in Bonny, Rivers ,State:.

. hasfacipties for the liquefaction and export of liquid natural gas. It has a capacity of 5.78 million
tones per annum of LNG. The NLNG outfit is a limited liability company owned by ~NPC (49%),
Shell (25.6%), ELF (15%) and AGIP' (10.4~) as shareholders (9),

, .' .
. There are four refineries managed as subsidiaries of the NNPC, with a total installed capacity of
. 4~5,OOObarrels/d~1.Y(bpd). :Therefineries have an average age of 22 years. The old Port Harcollrt

. . ,-~.-"~----_.._-.__ .._-_._._- ----,~----_.- ._---'~--"...._,-~-~------ ---,---- .------ . ---
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refin~ry'was commissioned, ihl'96'S',With an :!nitial ~apacity of 35,000' bar~elsiday; :ope~itted and
managed by Shell BP. In 197,O,'ownership was tl:ansferred to NNPC. Its capacity was then
upgraded in 1971 to 60,006 barrels/day. The New POI't Harcourt refinery was commission in
1989 with a capacity of 150,'000 bari'els/day~ The Warri refinery was commissioned,in1978 with,
an ,initial capacity of 100,000bpd. Its 'capacity was upgraded in 1988 to 125,OOO,bpd, The
I<aduna refinery was commissioned in 1980 with an initial capacity of 100,0'00 bpd. Ir:l 1985, its'
capa~ity was upgraded to UO,OOO bpd (3). The~eare shown in table.2. .

Petroleum products distribwtion is the responsibility of the Pipeline and Products'Marketing
Company (PPM C), a subsidiary of the NNpc. Distribution of products is done via 'pip~iines, bull<
road vehicles (BRVs) and depots. There are 23 depots, twenty in-land and three refinery depots,
w'ith storage capacities of 1,070,919 m 3 of PMS, 519,000 m 3 of DPI<, 826,300 m 3 of AGO

, and 75,000 m 3. of ATK (l n The depots are connected to the refineries through 5000 km of
pipel ine,and seven,strateg ically located,booster pump stati ons. Distribution of petro Ieum products
from depots to retail outlds is by BRVs of vari'ous capacities. Bridging on pipeline,breakdown is,
done using Bras also. There are nine strategic LPG storage depots ioeated' in Lagos, Ii'orin;Gusau, '
I<~nq,Gotylb~,Makurdi, Enugu, ~alabar and Ibadan. There are also ninety LPG,'filli'ng st~tionsin'"
Nigeria.' There are elght majorpefrQ"euir1'markefers who operate over'.2~50'oretailoutlets and'12 '
lube. oil, blending plants. ,There care,"~also about 8bo registered and unregistl~red Tridepehdent

. pE;troleummarketers. The major marketers control overi5% pf the fuel busiriessahdover 95% of,
,the lubl'icantniarket(12):'Import of; petroleum products are through the mariti'meports.in Lagos; ,
, Warri,',P~rt.Harcourt and Calab'ar>.with Atlascqve. jetty being the major. :The, El"bnny:expbr,t ".

- terminal is dedicated to'exportof proquets (13)., .' ". '. " ' . ,', ..' '.

" I

i

, , .. ,

The bu.lk .of the pre~ent infrastructure fo~ ,grid c~nnected elec;:tricpower.generation .comprise of(~:
, , . ., ~ , . '

nine stations. ' Three of these stations 'are hydro-based, while the remaining six are thermaHj,;:~ . .-i

stations. '~Thegeneration infrastructure has a combined total capacity of about'6,000 MW,and 'is' ~:.::-"" :,!

solely owned by N'EPA, D'etail orthe power plantS'is given in:table3' .. By 1995, there:were;6jOOO';"".;-;;'., '.' "
'"km of 33bkV and:500km of132kV transmission 'gridlines; 1780km of '33/11kV line5;2b'numb'ers":[~~\i,." "J '.'

of 330/],32k\.l substations, 91 numbers of 132/33kVsubstations and 563 numoers"of 33111kV;:::,~:~'. ','"j

sUbstations.(18).' By the year2000', there:were'over 35,743km of33kVand over"26;498kmof.0!~;". "
llkV. distribution lines.,' Distribution und~rground cables were 1,430km in length for 33kV: a'tld",'"
2,55.8~m for llkV (9). ;The transmission' facilities are extended to Nigel" Republic for 'export of ;' ,y

Power. The transmission ~nq distrfbu.tionfacili.ties are, at'the moment, solely owned'by NE PA:" ,",',

The production facilities for coal are antiqu~ted., Although there are .four existing mines, namely" .
,. ... ,. . . "

Okpara' and Onyeama,undergroünd.1minesIn.Enugu, StC\tej Owukpa .underground mine in Benue
state andOkaba. sürface 'mine in KogiState ..' Only the Okpara and,Okaba' min~s' are :presen~ly"-:., - .'

. producing. Reconstruction and modernization' of the export facilities at Berth"80f :Port Harcourt
jetty started in 1996 and had reached;advancedstafe of completion.(10)....'. ' ;'

,I

. It ma~be recalled th~t the four refineries in Nigeria havea total name plate capacity of 445,000
barrers per day. Nigeria produ~es about 2:03 millionbarre!s of crude oil per day (3). Domestic
demand is" however, estimated to suffice with 300,000 barrels per day, allocated to the refi'neries
by the Government. This implies t,hatan avera!! capac.ity lJtilization of a little under 70% in the
refineries would be sufficient to meet the,domestic demaridfo,rpetroleum products. However, since
1994, the capacity utilization of the 'refineries has consistently remained below 45% as a result of
one technical problem or the other. Consequently; supply of petroleum products, from within,
began to fall short of demand with concomitant distress to other sectors of the economy. The
government had to take urgent steps to control demand through multiple price increases and most
importantly, boost supplY by the liberalization of petroleum products supply in December 1998. To'

d~ Sl.f~iplYlDemandImbalance 'ofConv'entional' Energy ., t ;,.- .. l
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:this effect. in addition to'the efforts of PPM C, private entrepreneurs were not allowed to import
. products. With increased volume of products import, as a result of the breakdown of domestic
. refineries"thefac:ilities at the coastal ports became over stretched and inadequate. However, as
crude oil prices began to increase from $9,69/barrel in December 1998, as compared to
$9:50/barrel sold to NNPC by Government, costs of importation became unattractive to the

. private entrepreneürs, since prices of products with the country remained controlled by the
, .Government. The private entrep reneurs therefore ceased to import. The situati on returned the
monopoly of importation of products back to the P'PMC. The state of the refineries continued to
detoriate. By the first quarter of 1999, the refineries had an average capacity utilization of 21%.'
In' particular, Warri refinery and Petrochemical. Company (WRPC) had the worst availability put,
at about 10%. Port Harcouf'tRefinery and Petrochemicals Company (RHRC had availability of
23'10)whil~ I<aduna RefinerYand Petrochemical Company (I<RPC) had 29% (14) .. Consequently,'

: about 74% of PMS, 56% ofDPI< and 44% of AGO consumed in Nigeria during the first quarter. of
',2.000 were imported (14), with the PPMC being the sole importer.

',I.'; i: N'atuniügas issöJd by the N.GC.This was 103 billion cubic feet.(BCF) in 1995, 123 BCF in 1997
:: ah~ 13"3,BCF in 1998 (3). The quantities sold were mainly to the domestic market since exports'
. of-riaturalga's, began only on October9, 1999 'in its liquefied form. ' Power generation by NEPA,

" ;I", ;accouf1ted,:for.about 70%' off the total gas sold (16). Sales of na,tural'gas, at the moment; are far'
, .,>,below;supply anc~this situatiot') may continUe up to the medium term future. , ' .
. . .r-~:'..../ . , . i .• " ..~..'1'- • '

" i '., "'"rt may be~recall.ed'that NEPAls installed generation capacity is about 6,OOOMW. However, the
. ,. : ,e :j,gemerationstatiohs 'op~rated:at less than 30% of the maxi.mum capacity for a while'. This implies

,~: that supply'from the national grid had been less than l,800MW, which fell short ofth'e estimated' , '.-:' ,::"'i

peak demand of '2,pOOMW. ' When',supply did not fall short of demand, its availability isei-ratic'
, 'and the level of accessibility Is poor.: For instance, it is estimated that power is accessible to 40%:, "'. Y.

of N,igeria's population, who enjoy it for an average period of'six hours only per dayU 7>. Poor. ,J" •. ,

, ".'1 ;.: ..maintenal1ce. and unimplementedgrid,'expansion programmes;' due to lack of-funds;' haveibeen~
,.; ':.reasoos, advanced for" inadequate supply.,. Other reasons' have been poor .management and~'
. ,~,,:!!i':accour:ltabiI,iW~ and"vandaliazatiol1;of:. NEPA 'equipment. Frequent shortfalls.antL limited'; grid. v': I,"

. t,extens.ion have ericolH'agedcaptive private power generation whose combined capacity is estimated
;,;.atj50% ..0f. NEPA;s installed capacity. This fact, together with other elements ofsuppressed

"demand,.,wMlmake the actual peak demand greater than the often~quoted 2,500MW (22). It has'
; " ,th~refor.e been estimated that an additional capacity of 10,OOOMW may be neededwithin the first
'\ . decadeoUhe.miliennium (16). ,"" " . \",, . - .' ... ,. i ... , J

,r.

Cpal was, for, m'any years in. the pastr the choice fuel. for power ,generation andofor driving.' "
locomotive engines.,.'Coai production began as early as in 1916, with an annual production output'
of 24,511 tonnes. the production peaked in 1959 with an output- of 905,397 tannes per annum., ' '
Production of coal ceased during the. 1966-1970 civil war. After the hostilities, production
commenced and peaked again ,in 1972 at 323,001 tonnes per annum, thereafter, it began to
decline,(4). Between,1988 and 1998, coal product!on generally continued to decline from 82,490..
tonnes to 21,940 tqnnes per annum. The decline, as from the 1970s, in coal production was:
mainly 'due to' the loss of. its traditional market to, newly found and more competitive duel.
substitutes, e.9. diesel for'locomotive erigineers, fuel oil and natural gas for power generati~n.
Consequently; the contribution of coal in the nation's energy mix did decline from about 70% in the
1960's to lessth~lI11% between i988 and 1998.

e. Training

Training in the areas of conventional ,energy are currently offered a~ the Petroleum Training
Institute, Warri for the oil sub-sector, the National Energy Research Centres at Ife and Zaria, for
the nuclear sub-sector; and the NEPA Training School at Lagos, for the power sub-sector. These. .

t, ..'
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,are in addition to the conve'ntiolialUnive'rsitifls arid Polytechnics where' de'gree"and diploma
programme ,in petroleum and chemical Engineei-ingand energy-I'el~J.tedsciencesat'e'being offet'ed.

STRATEGIC DEVELOPM ENTS,

a. Restructuring and Privatization
" ,

The energy infrastructure and its institutions >are mainly owned and controlled by government.
Such ,structures have demanded huge resources fmm governt)1ent without the' corresponding'
benefits in the services provided. For instance, Nigeria has fora while now suffered continued'
crisis in'the supply, of petroleum products despite the huge national re:;;ources,pumped into the,
NNPC, The same story applies to NEPA, Electricity supplies to consumers have been inadequate,
erratic and poorly spread. The rationale behind restructuring and privatization' is,'that it would
permit government to concentrate these huge resources on its core functions and responsibilities of
providing basic infrastructure as well as en'suring accessto key services like education, health, and
env'ironmental protection, whi Ie enforcing the \I rules of the game" so,that the market can work' ,
efficie,ntlYl.with provision of adequC\tI:iseG,urity. Cons,equently, the electricity sectol". and 'the "

" downstream oil sector as well as the ~igericiryPetroleum ,Deve,lopmentCampßl.I1Yhaye:be'E:'n\Slat~if,
fer restr'ucturing and, government equity, shall be partially privatizE;d(2J .. ,PrivClUzaÜonis als0'
expected: tbintegrate the nation',~, economYi ,and.,in particulal' the e;nergy sector, into "the'
mainstl"eam of world economic order:'To this. effect, restructuring of NEPA has begun'with the,
dis~~olutionof itsBo~rd arid Manage~ent, and'the 'a,ppointment ,of a Technical Board Committee;,

. who,would carryon the restructuring, 'in preparation for its privatization. ' .,' : ,~,",. ':'J,

• r' .

Environmental Issues \ .'1;
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, I'n,the exploitation.of energy resources, the erlvironment and the'comi:n~nity within vicjnity tend tci,'>:,~,' " ',",
, suffer, if appropriate ,measures are not taken: The most important energy related envi ronmental';;,,~w,

" :problems emanating- from conventional, ,energy are land and water pollution.' from;' oil, spiIIs~'~~t,,~:, "
ihcrea:sedgreenhouse gases from combustion of fossil,.fuels in the atm'osphere and floods arising~~{},~:,:;' ," J '

from excess water from hydropower dams.' A significant contributor to, the ,pollution ,is,the~:;~o1;"
continued fla,ring of about'6'0% öf associated gas produced in the oil fields'.' .It is however to, beh" ", ,0,

,noted that government in'its<;lrive toelim'inate fl~ring of gas/has pu(up a number 'of..programmes;"
penalties and incentives which would encourage the utilization of natu.ral gas. Programmes,~uch:
as the West~African Gas 'Project, the Nigerian Liquified Gas Projed, and the'NationalNatural' Gas'
Grid Project an~typical examples. The'incentives, which are called the Associated4as Utili?ation
Fiscal' Incentives (AG UFDof,1992;' are periodically reviewed: Theseincehtives include higher
downstream investment tax allowance of15'Yo, accelerated capital' allowance downstream of 90%/
five 'years tax 'holiday and'custofn duti'~sexemption' on ,plant and machinery purchased,', It is"
expected that associated' gas flari'1'19/'Dust stop by the year 2008~ although the government 'is"

'consideringanewdateof2004," ".' - ,",,' ' . ",' J. ',".'

. , ',I, . . • j' •

Measures that directly affect the communities themselves,are also imperative. Itmay b~noted:
that the major oil companies' have prqvided schools, hospitals, roads,' town halls and,water ,supply.
to oil producing, communities. ' : For example, 'Shell Nigeria's ,expenditure on' community
development has risen from $2million'per'yeär in the 1960s to 'over $30,million in 1998 (21).,'
Government in it~ hid to address the community relations' problem, first in 1978, created the
Niger Delta Development Board, (NDPB). Then there was the Niger Delta Basin Authority, the
1.5% Ecological Fund, OMPADEC, the Popoola Panel on options on the development of the Niger
Delta, and recently the Niger Delta Development Commission (NDDe). There is now the 13%
derivation, hitherto 3%, 'of oil revenue for the oil producing areas.

\ '

The above not withstanding, there is increasing feeling of frustration and marginalization by the oil



'. :~ .' "
producing communities. Their widespread, agitations, often with violence, are an indication of

,dissatisfaction with the interventions. It is possible that the interventions have been largely
misdirected ar.ldwel'e dO/',lewithout sufficient opennessand transparency on how funds were being
spent, and p'erhapswith inadequate consultation with, and involvement of, the dil'ect beneficiaries
themselves. Therefore, the bottom-up approach in the selection of projects, openness and
transparency in'the managenient of funds would be the guiding pri'nciples for the NDDC and the Oil

" Companies in line with Government's policy directions. It should be mentioned that agitations by
t~e hydropower producing states, for similar attention from Government, have recently been made.

c. C?al Exportand Briquetting

. '.,

.'

" ,
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' .. d. '- ;". Bitumen'üevelopment',
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It may be,recalled that the production facilities of the Nigerian Coal Corporation are olq with only
two mines in operation.' The export facilities have also been under-developed. However, in 1996,
thE;,rehabilitation ,of the infrastructure at Okpara mines had reached about ..80% completion,
whereas that at the Onyeama mines had got to about .70% level of completion,' During the same'
,'peri9d, the reconstrl;lc~ion'an,d modernization of the existi'ng loading facilities at B~rth 8 of Port'

, Haj',~ourt,Jetty,V'{~re. ~tarted ,and carried to an advanced completion stage. Exports of about.
,:131,90Q.tQnneswas done in 1996, the first since the early 19705 nO). ,,' I';,,'" "< ','

!1 ; tr". 1.: t.j " " , '.:" ;., • ~>~'$,:",

A,nother ~trate~ic\developmeqrin the c'aal industry is the approval, by government, oJ the use of'. '""
coal.briquette as ci substitute fuel to fuelwood. This is in line with its.efforts to a'rrestdeforestation.
and:desertificatiorl, ,Consequently, Government has provided some funds to NCC:for the pr:oduction /.

, atld.diffusi orj.of cQ~lbrJquettes.. " .: ' , ;' .
'.; '~"l ,. )

. , ' ~'. , - .
, , .' Tar sands,'est[rriated 'at 31 billion barrels of oil equivalent representing the highest contributor, in ,-.~
" , " et1~rgy,unit; p:utat: about28.3 % oHhe total conventional energy reservesof the' hation; from vilhich';

bitumen canbe',obtained became an area'of focus recently by Government. Currently, heavy crude',~
from'Venezuela is imported into .the~country for the Kaduna refinery, which is the only refinery,,' .
with the.capability o'f processing heavy crude oil. Bitumen is used in road construction and in the
building industry for roofing purpose. _Becauseof its strategic applications, and the need to be less:
.import dependent, government constituted a "Bitumen Committee" under'the Ministry of Solid'
Min'erals to come' up with,the modalities for the exploitation of the nation's tar sand, which,is

-','rrfaihly found in' a belt in Edo andOndo States.' Recent devefopments suggest that-exploitation of
"::;,the Nigerianbitu8len may commence in April 2002. . ",'

, ...
,.i-

Cooperatjon and Networking

I • We rnayrecall that nature has made energy resources, in the world, unevenly distributed amongst
, it~ nations. Some,countries have excessenergy resourceswhile o,thersare deficient. These provide '

theqpportunities for energy networks and possible directions for energy movements. Nigeria for
instance has power transmission grid lines extended into Niger Republic, a nation with less power,
potentials. Similarly, the huge natural gas,reserve in Nigeria has permitted the construction of the,
West African Gas Pipeline Projectto deliver gas to Ghana, Togo and Benin Republic, with possible'

'extension to Ivory' Coast and Senegal.. The philosophy of energy pooling and networking has
'advantages ranging from economics of scale to energy economy conservation through the equal-
incremental-cost principle. (for power) whereby careful dispatch of high cost sources will be kept
strictly for peaking or reserve duty. It also enables the sharing of spinning and operating reserve
requirement for individual nations. These advantages can only be attained when, there is
cooperation, and the political will, amongst nations. To this effect, the Government of Nigeria has
put in place a Ministry of Cooperation and Integration in Africa, in addition to its Ministry of

'Foreign Affairs, to facilitate such cooperations.

-'.:.



RENEWABLE ENERGY<RE)

Renewable Energy Potentials' '

"

II',

i'

Nigeria is also reasonable well endow~d with I'enewable ~nergy reSOUI'ces, whose types and,
intensity are shown in table 4, The 'annual average of daily solar radiatioh intensities, sunshine
hours and wind velocitiesi which:range from 3.5 - 7.0 kWh/m 2 -day,. 4 - 9 hrs/day and 2-4 mis,
respectively for the€ountry generally increase in magnitude from the coastal forest belt to .the
northern savannah and arid regions, Wind speeds, however, have high values in the vicinity. of the'
coastline., While the range of average solar radiatioh intensities and sunshine hours, are quite high,
the ranges of wind speeds are only moderate. FavourC!ble wind regimes maYbe expected mainly at
the coast and in the northern regioh, Potentials for small-scale hydropower plants Me fairly.well'
distributed nation wide, in the seven river basins of the country.

IN'STITUTIONAL ARRANG EMENTS IN TH E,R E S UB~SECTOR

• _ •. J ' • .

The. 'primary governmental' ~gency f9r, .the development, 'andpmm~otionof renewabl'e energy
techn'olog'ies in the country is'the, Energy Cömmlss'ion of .Nigeria. Itsmandate'iriduqessüafeg'fk'

, energy planning; po'lic~ co-ordination, and 'performance 'monitoring for the entty~ eneYgy seG:tor;
laying ,down guideline's on the, utilizatio!1of energy types for specific purposes;"developihg
~ecommendations on the exploitation of new 'sources of energy. Ren~viJable 'energy'isiherefbre:a
c,omponent of its mandate. ' '" ',,'

I
\

,"
, "ECN has two renewable energy centers' under it, namely, National Centre', for' Energy'R&D.;.,;.

(NCERD) and the Sokoto Energy Research Centre (SERC) 'whose mandates, are'tocarryoUtR&D~;,'\;"'~ "
manpower development, dissemination and pmmotion' of' renewable and altem.ative energy.>,:".
technologies. The~e are. other agencies and' NG Os that' have significant., renew'able enclrgy, , ;",; (t

components in' their programmes~ ,These include the Federal.Institute of Industrial Research :~:::: ,,';
(PIIRO), Project Development Agency (PRODA>, Friends of the Environment (FOTE), S:olaf\:,'1.!'."":,, : ,','
Energy Society of Nigeria.(S ES N); to mention a few. The So'lar Energy Society, of Nigeria' is;thE!l....;'~,.. ,\
sole NGO with: dedicated mandate in renewable energy. In. the industrial sector,there ar~)
essentially vendors and distributors oholar PV systems an'dequipment. " " ' .. ,\, '.~,

.' ,
,'I'

c S.QME RE-TECHNOLOGYDEV~LOPM ENTS, TRAININ~ AND PROMOTION. " I.' ' ',..:

As a consequence ofR&D work in renewable energy technologies at the energy research centers;' .
some .other research institutes, universities and polytechnics, a number; ofR E,:conve,rsion devices!
have been developed. Some of these include: ' ':; .'; "
(j) .' Solar Crop Dryers: "" ' ' .

. Solar' crop' dryerS developed ranged from, small experimental cabinet. dryers,'" through
demo.nstration -'size forced circulation,dryersl,to large-scale natural circulation dryers. The latter:
include a 2-tonnecapacityrice dryer developed at the NCE.RD and a2~tonnecapacity forage dryer
constructed by the SERC. ". ' . I'" '

(ij) Solar Manure Dryer: ., . . ' , , "
'A natural circulation sol~r manure dryer for the drying of poultry waste and "similar materials are
developed at the NCERD.' The existing model has a capacity of over 71 kg of wet manure: On'a
test day with peak solar,intensity of 600 W/m2it reduced the moisture contenfof the manure from'
71 % to 35% (wb) in 22 hours.'
(iii) ,Solar Cookers'
Both the flat plate and concentrating versions have been designed, constructed and tested at the.
NCERD and SERC. The flat plate version could cook rice and beans in 45 'minutes at solar
intensities of about 850W/m2. A major shortcoming of the technology is the need for outdoor
cooking during high sol'ar intensity periods of the day. ' '"

I
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, Solar Water Heate'rs
. Horiz(mtal and vertical tank, natural circulation solar water heaters have been designed and
co'nstructed, Famil{ size model with a tank capacity of 70 liters that can generate water, at 50-
700C 'on an averagely,sunny day has been,developed, An BOO-litel' capacity model,is available at '

. the Usma,nDanfodioUniversity Teaching Hospital, Sakata,

Sola!' Chick Brooders'
In place of electricity, kerosene or gas heated chick brooders for the conditioning of brooder space
temperatures (at 35 - 250C) over the first four weeks of life, the NCERD has developed a natural
circulatioJ;1solar.-heated.~hick brooder, 100 and 200 bird capacity models have been constructed.
ar.ldextensively tested: Chick weight gain and mortal ity rates were better than those reported for

,kerosene heated broode1'$,'

BioNgesters ,
An 'efficient environmentaJly clean way of utilizing biological wastes i.s through their use as

.1. feedsto,ck inbio-digesters for'tlle production of. biogas and biofertilizer, through ,an anaerobic
.' :,process. The biogashas a high, calorific value, while the solid effluent is nitrogen rich, pathogen

':>," 'deficie'nt manure., Biodigesters of the fixed and floating dome types have been constructed in the'
,\, .' . country; espec,ially by the'S ERD and NCERD. Capacities range from small laboratory prototypes

,to 30m 3 plants, while cow dung,c\1icken waste, cassava peelings,' pig waste and human waste.' ",
," h'.;!vebeen used as feedstock. "

",' ',"
~ • J '.' •

J-': .

- . -Improved W06d~ndOther Solid FueLStoves, . ," . ~,
.',' Fuelwo'öd and other biomass fuels are estimated töconstitute over 50% Of the total national energy•. 't . ,~,

,';,' :;ccinsumpt}on.,t The..prevalent stove is the 3,stone type or versions of it, with thermal efficiencies of' ~ ' t '

" , ,';.:5-1Q%. These .facts.,have created, multiple environmental problems through contributing to, ", " . ," ,n; :

:;' "increases,deforestatiorv combustion'related health hazards and global warming. ' , ',' Y,:.
'", '''',.

:.".'..

'::,'.:' .I.mpr'oyed wood and :solid fuel stoves 'of various designs,have been constructed at '-the.SERC and,' '-;'
";" ;."NCERD,. ,They'il1dude:l, 2,3/,andA seater models with.all clay.bodies, clay insulating, refractory,. ,,;,.'.,

a!1dmetal: frame,':or sheet metal cladding lined internally with burnt clay insulation. Some design's
"," are fitted with chimneys. Some of the stoves are appropriate for the combustion of charcoal and

coal briquettes. With thermal' efficiencies hi the range of 15-25%, their use will greatly reduce,
-' fuelwood consumption.

Solar~Pv' Equ,ipruentand $ystems, : ' ' ',', ~'
!k Apart from some limited work on materials for solar cell production at' Obafemi Awolowo'

University, I1e-Ife,and,thin film growth 'at the NCERD, Nsukka, most of the studies on Solar-P\!,
in the country have been on components and systemstesting, economic viabilitystudies, pilot plant~
and other application projects. The largest single pilot plant is the 7.2, kW village electrification
proJect'at KwalkWalawainSokoto State, put up by the Energy Commission of Nigeria .. Other pilot.
plants established by the Energy Commission are for water pumping, health centre power supply

<,' and village lighting and TV viewing ..

Wind P0"Ver' . " '"
,A number of wind powered water pumps have been installed in some northern states, notably at

" GorQnyo in Katsina State, Kedada in Bauchi State and in Sokoto State. Presently, a 5kW pilot
wind turbine/generator is under tests at Sayya Gidan-Gada village in Sokoto State. The'
performance so far is satisfactory.

, ,
Renewable Energy Data
Considerable work has been done in the area of atmospheric physics and in the collection of
renewable energy related data. These include solar radiation intensities (global, direct and diffuse)

,, i
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wind speedsQ.nd directions, "relative humidities, precipitation and ambient 'temperatures. The'
Department of Meteol'Ological .services, of the Ministry of Civil Aviation, 'is the agency charged
with responsibility for the collection, storage and di~semination of meteorological data in the
country, It collects data for 64 towns, -one third of whose stations have been in existence for over
50 'ye'ars, The Physics Department, University of Ilorin, runs a 'Centre for the Study of
Att!10spheric Physics. Also at least 12 other Research Institutes/Centres arid Unive,'sities in the
country are significantly involved in the collection and analysis of solar and other meteorological
data. Finally, the Energy Data Bank being developed by the Energy'Commission;of Ni.geria has
provisions for Renewable Energy Data.

RE~Training/Capacity Building' . . .
Training in RE Science and Technologyi' takes place at the NGERD and SERD through seminars,'
workshops, conferences and R&D projects, Some 'of the R&D works are done in cooperationwith
academic departments in the Universities that host the Centres, While regular postgraduS\te work,
in some universities have RE specializations, the National B.oard for Technical Educatior.l(N BTE)
is considering the introduction of RE course in th~ curricula oHhe polytechnics. The Solar Ener.gy.'
Society, <Of N igeri.;t ,hold$ an annual: c9nference-on ' RE w,hile some other ,envi ronmerita,1 NGOs
occasi0nally run workshops '.on RE related envi'r.on'l1~ntal is.sues . .'

REInformation Dissemination
The ECN. publishes and distributes booklets and manuals on RE. in' general and selected ...
technologies in particular, 'such' as on RE Potentials in Nigeria, Solar. PV.Technology;
Biodigesters, Solar Dryers, Improved Wöodstoves, etc. Other existing means' 'of information',.

, .

dIssemination ..are proceedings' of workshops and conferences, the Journal of the' S:olan'Energy
Society of Nigeria and the Renewable Energy Journal publi'shed by ttle SERG.' ,\:.~ ;t:": .

, \

Pilot Projects " .',,".~; .','
A very important part of the natiän's pror:notional activities' is. the establishment 'of;,;pilot and,
i;femonstrati?n projects.' Notable pilot proJects include: .' " ,<"",i:?,!1! ' "~ '
Solar-PV: ..7.2kWp Kwal,kw<3:lawa village Electrification, Sokoto State" , "';,.t'k~~~:,: ...1'

1.8kWp Iheakpu-Awka village Electrification(TV viewing, Enugu State li~; I ' •

.L5kWp Nangere Water Pumping Scheme, Yobe State.
Wind:' '. 5kW Sayya Gidan-Gada village Electrification,SokotoState ,;.
Solar Dryer: 2-tonne Solar Rice Dryer, Adani, Enugu State. .

1.5-tonne'SolarFora9,e D'Y~r, Yauri, Kaduna State-
B.iodigesters; 30m3 Plant, NAPRI/Zari~, Kadlma State .' . c, .... " .. "', ;"

20m3. Plant (Cow dung) Mayflower' ?econdary School, Ikenne,.Ogun' State,.
. . .. .•. : 10m3 Plant(chicken droppings/cassava peels) Nsukka,' EnugU State. ". :', I

Improved Woodstoves: Danjawa 200 stove Pilot Project,Sokoto State I' .... ; ,.~'i'" ; '."

.' . 1.' , 00 persons/day Community Woodstove. Project, Zaria, Kadu'na State:;' ."" .. ~..
Chick Brooder:. 200-Bird Chick Bro'oder, N~.ukkai Enugu' Stat ,..... . .' ,

World Solar Programme ..
Nigeria participates in the UNESCO World Solar Programme (UNESCO/WSP) aimed at the
promotion of market penetration of RE technologies, worldwide (29). • It is an.. initiative; of
UNESCO approvedby the UN General' Assembly, and is to be.funded.fromdonor and counterpart.
sources; Nigeria haseight High Priority National Projects approved for the programme, namely:

Integrated Rural, Village Energy Supply (Solar Village) . . .
Development and Dissemination of Efficient Biomass Stoves and Ovens and Briquetting Technology
Popularization of Biogas and Biofertilizer Technology

Upgrading the facilities and personnel of Renewable Energy R&D Establishments and Development

.1
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of RE Curricula:>
Tr,~;ning Woi'kshops and Colleges in RE Technologies (So.lar-PVand Solar-Thermal)
Rural Health Delivery and Potable Water Supply Using-PV.
Establishment arid Operation of Fuel Woodlots, '
International Solar En~rgy Institute
The projects are threatened by.inadequate funding. As,a result, only projects (a) and Cf) have made.
significant progress.

Solar-PV Installations,
rollowing a survey'of activities in solar-PV in the country up to 1999 (30) a total of 316
'installations amounting to 238.8kWp, were 'identified nationwide. Based on installed capacity, the

'p,ercentage distribution of,the installations over var.iousapplications were as follows:
, I .

. " "Residential (mostly lighting)
.'VHla~e,-E'lectrification& TV ...., .

., ,Of.fice/Commerciai'Ughting & Equip.
',;,'Street" Billboard; etc,Lightihg'

", ,AII1-ighting , '
,', , .' I d 'I

i ", ,; :n. us.tna .
,', "", Health Centre/Clinic

:: "', "J ':'. T:eleconim&~Radio
":'.f ',t'.,.' " Watert.Pumping; " ."'-':

, ',;,

. % by capacity
6.9
3.9
3.1
1.2
.15.1

, 004
., 8.7-

. -,'23.6
52.2

, 1,00.0'
'. '.

Gfthe 316installationsi there \Nas at-Ieasf;onein 26 out of the 36 state.s and the'FCT. La'gos,'
; . (23.6%')i,Yob'~ 06.3) Kano(8.6%): and.•Akwa Ibom (8.6),~States had the ..highesLnumbeuof}, ..

. '-':, . -', i'nstFl-lIations.;;Financing of the installations came principally 'from. the federaljst'ate and, 16cal.' ':" , .
, :..governm~ntsr.European'Ur:lionand. Mobil. ,private persons funded some jnstaiiations~,especiaily in."• .' ..

'.;'J"':, !the~.:UagQ,S.are~;'r..,':', .., ,'<' • "., " '.. , ... .-.: , ..

~. •i

";,' M.ore",recentIYi:Delta, ahd Lagos States had embarked on projects to use Solar-PV. for street.'
'. ,;'i" 'I lighting: No other modemRE technology has anywhere near the usage of nUmber and capacity of.

,,; .' installations in the country asSolar-PV.
, ,

.,;, C:omrne'rcialActivi.tie'~ in RE .' . . .. '" i,.

~.~:,Afpre~ent, significant commercial activiti~s in REtechnology is limited to Solar"PV; A national' .'
.~surVeyby the Energy Commission (30) revealed a total of 33 companies that were active .in Solar-', '>

PV by1999. Most ofthem were established within the last ten years. All of them were vendors or'
;". contractors for the supply and/or installation of Solar-PV equipment and system, with some of
, . them representing foreign manufacturers. There was, and still is, n6 local manufacture of the

. c' major solar:PV system cOri1po~entsincluding modules, controllers, inverters and solar batteries .. '
, .

" '., : The only key system compohents that are locally produced and such standard electrical components .
as'cables, switchgear,overload protectors and consumer units. The slowgrowth in the demand for.'
sola,r-PV systems is largely responsible fOr the absenceof manufacturing activity.

Integrated Rural Village SupplYi I RVES
Modern economic activities depend predominantly on petroleum products and electricity. Their
extension from the .urban to the rural areas suffers serious economic and demand capacity
constraints. Rural areas are poor, energy demand levels are low and centers of demand are
scattered. Consequently, while 81% of the urban dwellers have aCcessto electricity, only 18% of
the rural population is similarly exposed. Furthermore, while kerosene can be bought in some

t.,. ,.' ~
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Urban centers at the pump price of N17 per liter, its retail "price in rural areash, mtlch higher,
being over N60 per liter in some places: '.' .

, '

Renewable energy resources such as solar radiation, wind, small-scale hydropower and biomass
are, in general, well disti'ibuted over the country, including especially the rural al'eas. The concept
of the ,r RVES programme is to study the energy needs of a rural community for various socio-
economic activities, the energy resources available to the community, energy related environmental
problems, as well as the skills and trainability of its man power. An energy supply consumption
system for the village is then developed, utilizing the available, energy 'resources, which are mostly
renewable, to meet the identified needs in a sustainable way. Capacity building programmes and
post-project management are provided to enhance sustainability . .'I(ey features of the post-project
management arrangement are:provisioilS for community participation in the management and
payment, by beneficiaries, for centrally provided energy servic~s, to cover operation and
maintenance costs.

The country is implementing such a programme in two selected communities, namely Okope'di,in
Sende,LGAof Abia State,a foreit zonecommLlnity, and Zakka .in Safan'a LGA'of l<atsinaState,
an arid';'zone community. So fa I', surveys of thetwo,cO,mmunities have been ;con;pl'eted'Ol&32).,
E)6thcommunities show ahigh dependenceOll fuelwood due to scarcity and high cost of petroleum,
products - especially kerosene,- and absence of ~Iectricity. The fuelwood is preqomihantly sourced
outside the village (up to 6 km). There is great opportunity for the replicatio'n of .this programme
in many rural communities. ' , '" '

.A'tte'rnativesto 'Fuelwood '., ", ." - .:, - "',
The large scale and predominant consumption of fuelwood has been ide~t1fied: as contributing' , ' "
significantly to the' environmental problems of soil. erosion. and desertification. :,::Other<;serious::
hazards include the respiratory and visual disorders.' :;" -'",',':;1 . ,,"'.,

'., .. \.

The potential in using modern renewa.ble energy alternatives to tradit,lonal tuelwc)od:\based:'
technologies has been recognized. The 1992 Presidential Task Force onAlternatives,to,.fuelwood',
recom,mended sawdust briquette; solar energy and biogas as viable RE alternatives (2). More
importantly, the year 2000 programme on Combating Desertification and Deforestation', under the
Ministry of Environment adopted the large scale introduction of biogas technolögy and solar
cookers, (as well as the use of coal briquettes, natural gas and keroseneHn order to reduce the;
share of fuelwot:>d,among its alternatives frolTl about 92% to 75% in energyte~ms, by the year
20'03 (33), To these technolp9ies must be added solar water heaters and imprOvedwood stoves. "

- r.'

CONCLUSION:
The strategic' developments inthe Nigerian energy'(cohventiorial and renewable) sector have been'
highlighted. The.status of the energy,resource endov.{ments"producti9n and supply infrastructures>
institutional arrangement for the management of the energy sector, supply-demand imbalances"
policies as well as their strategic devel'opments have been provided. Critical amongstthe
development is the' planned restructuring and privatization of the energy sector in the country.
This development is.expected to usher in ,higher efficiencies in the'.sec;tor through the injection of
private capital from within and outside the country. Secondly, commercial 'use of the abundant
renewable energy resources has not yet been reasonably accepted in the country. However, efforts
are being made to improve on the situation. To this effect, renewable energy is being promoted as
an instrument for energizing rural transformation in Nigeria .

,
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, Tablel-, Nigeria's Conventional Energy Resourcesas at 1999

,j

Resource , Reserves % of
Type ' '

Total Source
NCltural Unit Energy Unit

(billion toe)
Crude oil ,; 23billion barrels 3.128 21.0 Ref. 3
Natural gas 4293 billion rri3 3.679 24.7 Ref. 3

'(159 trillion cu. n ,

Coal lignite 2.75 billion tones ,
1.917 12.9 Ref. 4'

Tar Sands 31 billion barrels of oil equivalent 4,216 28:3 Ref. 5
Hydropower 10,000 MW' 1.954 (l00 yrs) 13.1 Ref. 6
Nuclear Notavailable., - -

"
.

Total ,14.894 100

'i,.

"

Note:
) barrel or oi'l :"

)'OOörri)'ofnatural gas ',':
J:, ' , " 'I tonne oFcoäl

,,'100Ö ,kWh::(pl'irnar.yenergy)
;.<.;., _\'" ;. -\"_1 .~.

, 0.136 TOE
0':857 TOE
0.691 TO E ,,'

, 0.223TOE,
.:1.,"

t,

Table 2- ,Refi~e~iesin ~ige~i~.withInstalled Capacities, , ,I

}1;' ....'\..,' f,- .,"t ' ..:

Year'
, 'Commissioned

,', I"'. r~.

. "," ., .....

;' "

.'1 .:,' ~.

'" -- ".......... ,

",'

2000"
.60,000 ',} ..
;1.50;00 ' "
125,000 '
110,000
445,000

':',

60,000
1501000

, 125(000 ..
,110,000
445,000

"'1998.... , , , ..~
60,000

125,000 "
110,000
295,000

{:apacity' (Barr~ls/day)

135iOOO

35,000

,100,000

:" 1978 1988

~,: ..

1965,
1989

197.B" I,',

1980 '

, .;~,

t"; >,.

'/' \"",~~I;;R,efi~,e,:r\/i:.'
" .

!': \'j ~,\~:; ',' ,.,Olq P/H :,Refinery,
; ;:' "i~:, ':: :,.NewP/H"Refinery,

c'~~:!' <; •..:Warr.:j',~~finery :l' '

• .' ,J, I<aduna Refinery

. '..,. ,
, '

, '

,Table :3 ~ NEPA'S Elect.ricity PO\i\ferStation
. '; '.

, 'S/No Plant., , .. .. ' .
."Year". Type/Fuel Used Insta:lled ,No. of ,'. ,,"-j Commissioned 'Capacity (MW) Turbines ,

1 I<anji 1968 Hydro 760 8
2 Jebba 1986 Hydro 578 6
3' Shiroro 1990 Hydro 600

. 4 .' , ,

4 Egbin 1985
,

Thermal SteamiNG, HpFo
5 ,5,apele

"

i.1978 i. Thermal i. 720
,,'.' Steam/H PFO,NG iL300 "

"
"

, '

ii: Thermal gas 10 .,
( , ,

ii.1981
".. .. , ,

. , , ,"

Turbine/H PFO(NG
6 Ijora 1978 Thermal gas turbine.NG 60 3
7 , Delta, 1975 Thermal gas turbine/NG 912 20
,8 Afam 1975 Thermal gas turbine/NG 711 17
9 Oji Thermal 30

. 5991 ,

.1
'I
I
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Table LI- Renewable Enel'gyResource Endowments in Nigeria'

Type Estimated Reserves Source

Large Scale Hydropower 10,000' MW Ref. 22

Smail Scale.Hydropower 734MW' Ref. 23

Solar Radiation 3.5-7,OkWh/m2-day Ref. 24
,-

Wind, 2...;4 m/s Ref. 25

Fuelwood 43.3 x 106 tonnes/yr Ref. 26
,

Animal Waste 61x 106 tonn.es/yr Ref. 27
, " " '

Crop Residue S';3x lQ~ tonnes/yr. Ref. 28 ;

, ,

, '.

" ,

• 'e', •• . .

, I

.,

) "
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PV SYSTEM WITH BATTERIES AND INVERTER

By UmbertQ MOSCH ELLA
I CS Consultant

LEVEL 3 FAMILY

ARRAY EFFICIECNY 0.85

Array gross energy 1935/0.85'
, '

INVERTER EFFICENCY =0.90

TOTAL REQUIRED ENERGY/DAY 1932

: Wh / eff.inv=:=2,490Wh.

;, We state:"SYSTEM VOLTAGE:Vsist =12\/

,
We khowfrom NASAtables:' (PeakSun Hours) PSH = 5;'

According to'the System yoltage ValUe (12 V)we put: ALL M.ODU LES P~RA4LE;:L~!d';::.:.:r

'IF WE STATE'FOR'THE ARRARY VOLTAGE UN DC) 24V:-
TH,AN:WE HAVE TOPUT2 MODULES IN SERIES,

:. 10/2 =5 MODULES INPARALL

No. MODULE: 2,490/ (50 W X 5 h) = 10 Modules

• ~', , I, ,'. '.' .~.......:~!~\

",'f'.' j

1':1;

. , "- ~l~~
-.t','j

:'",:.~~~:J

I
I ,

BATTERY LOT FOR 3 DARK D.6:YS = 2,490 X 3 = 7,470 Wh
, ,

MAX'DEPTH OF DISCLARGE (DOP MAX) 50% (0.50 coeff);.
BATTERIE,S SIZE 7,470.1 0.50 'F 1~,940 Wh

'BATTERI ES CAPACITY 14.940: Wh j 1"2'V= 1,300 Ah 'U4,94'()" / 24V = 650Ah) ,

.,

, [f you have Batteries'Capacity Unitof400 Ah, you need
4 Battery Set.
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PRES,S RELEASE

The Department of State for Trade, Industry and Employment is organlsmg a 4 day regional
training workshop in collaboration with the International Centre, for Scienceancl High Technology
(lCS) and United Nations Industrial Development Organisatio'n (U NIDO) on solar photovoltaic
techn'Ology in The Gambia from Monday 21' May 2001 to Thursday 24 May 2001 at the Tafbel,
Masionettes. The Workshop is funded by, UNIDO and Gambia Government.

The objective of the training workshop is to increase the skills and understanding of engineers,
, technicians and policy'makersin the field of solar energy for better service delivery, Africaj which,

has the highest potential for utilization of solar,PV technology, is suffering fromina~equate solar
PV equipment and skills for the appropriate utilization of the solar resources, hence the
significance of the training,

The workshop would draw 30 participants from_ West African countries including The Gambia, .
The worksh?p would end on Thursd<;1y24th May 2001.
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Department of State for Trade,
I r.1dustry and Employment
Independence Drive.
Banjul

ENG 80/216 OI/IV/egg) 18th May 2001

, The D,irector
Gambia Radio and Television Services
I<:airaba Avenue

REQU EST FOR PR ESS COVERAG E

. ",'

The Department of State for'Trade, Industry and Employment is organising, a 4 day regional
training workshop 'in collaboration with the International Centre fOJ Science ,and High Technology

'OCS) and United Nations Industrial Devel'opment Organisation, CUNIDO) on solar photovoltaiö:
technology in The,'Gambia from Monday 2i May 2001 to Thursday .24 May 2001at the Tafbel.

• . , • 'i' . . . l . '

Masi?.n~ttes starting at 0900' am pl'ompt.The Workshop is funded by U NIDO and ,Gambia.
Gove m'ment.

" ,.
~:;;'

Grateful if you could please cover the op~ning' ceremony. Attached, please find the programme.,

'.~....." I ',,'I. ";. .. '.
- ,

", Thank you for your conti'riLlecooperatiot"l .
.'.'-""" 11::''-':

.;' :: "'\';.' ~';; ",.' ;.' ..... . i ~

Bah,FM~Saho: :~ ,'I'

F'or:' PermanentSecretary
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Objectives of the'Training Course'onBalance. of System and PV Application Technologies"

As the demand for energy increases,in the developing wor,ld as a result of population explosion and
demand, for more social amenities/, the access to modern energy, especially in the rural areas
become more and more dwindling. Renewable sources of energy including sun, wind and biomass
will be an increasingly imp'ortant. These forms of energy provide a' reliable and ionmany cases a
cost efficient and reliable energy services. Solar photovoltaic e(lergy has proven to be one,such
reliable" efficient and affordable form of energy especially in the re~ote areas powering
televisions, lighting systems, water pumps, refrigeration, etc.

In order to exploit this resource, itis essential to increase research, development and sensitization,
increase market awar~ness in developing n=gions, and undertake prudent capital investments to
inct'easeviabi Iity of PV appIications.

;Th~ viability of PV applications ishowever often dependent on the skills available, and planning
tools available to the system designer: H'enceth'e need to conduct this training 'cdul'se with the'
following objectives: , " '" ,

,t I

Pr6vide an understahding 'o{PVmarket deveropments " , "'"
Necessary prerequisites in establishing manufacturing capacity. , ' " ,
Develop critical skills in the application of the technology and project (:levelopnient., ' ,

'Totrainehgineers, scientists/technicians in the field of planning and designing systems:, , ,. ,
To expose candidates to examples of successfulapplications of PV basedsystem'~ I"

Tohelp developing countries in improving their awareness:of tools related top,l~l.tinihg;:assessment.
,ar:td government and monitoring,of systems. _ ',' "V'/" '

'Ta" initiate' contacts and promote co-operatio'n between' industries; research insÜtutions' and
governments., " " , ' ':' ,

, The selection and optimization of systems andbuilding databases,of information' "" ", '
I •

" I'

,Achievements/Results of the Tr.aining Cours~ cm Balance ,of System and, PV:.,Application'
Technologies' ,I':,!":,, ' ',i

, -, ,
, '

The ICS Training on 'Balance of System and Solar PV Application Technologies' was successfully
concluded on Thursday 24 May' 200i. Lecturers and Participants were drawn from 'leS, UNIDOi

oThe Gambiai' Italy, Senegal, Guinea' Bissau, Guinea Conakryj Mali, Sierra Leone, Ghana, Benin~
'. " ' ". I '

Niger and Nigeria. Overall, 4 international Lecturersfrom Italy (2), Mali (1) and Nigeria (l), 2,
I Gambia lecturers and representatives: of ÜNIDO, ICSand' ICS Consultant attended. '11

international participants were drawn from the ECOWAS member countrIes mentioned above and
11 Gambian participants also attended. '

----I

The training course took the form of :Iectures, 'discussions, and country presentations on the
solar/renewable energy situation in 'their-respective countries . .In addition to the :IectLir.es,there

'was a ,solar energy show organised by the Departmel)t of State for Trade, Industry and
Employment at the Gambia Renewable Energy Centre (GREC) on Thursday 24th May 2001 and a
field trip organised on Thursday aft~rno,on, 24th rv}ay2001, to y.isit a solar water pumping station
at Tanji, near the beach. '

oThe training provided the following opportuniti~s/achievements:

Understanding of PV market developments
Necessary prerequisites in establishing manufacturing capacity.
Developing skills in the application of the technology and project development.,
Trained engineers, scientists/technicians in the field of planning and designing systems.
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Exposed candidates to examples of successful applications of PV based system.
'Assisted developing countries iri improving their awareness of tools related to planning, assessment
and government and monitoring of systems .

. Initiated contacts and promoted co-operation between industries, research institutions, and
governments.
Provided of Lecture' notes, c'ase studies and basic information on renewable energy systems.

,Approximately 22 delegates from West African countries re.ceived training in PV technologies,
manufa,cturing procedures, quality control and .field application .

. Recommendations' and Follow-Up of the Training Course on Balance of System and PV
Application Technologies

The issue of technology transfer has never been easy as it deals with changes affecting the lives of
people. Hence there is need for continuous training and sensitisation to effect acceptance of the
technology. In the case of solar photovoltaic systems, the technology has been known to mankind

J ., •

for som~ time now., Even 'in Africa, the technology is accepted by most people. However, thet'e is
,greater need for more training, b~th theoretical and practical, to increase the sl~illed workforc~ in
this Held as the :demand' Increases. ". ' ' ' , "

, The periodic training of techniciaris and engineers in the field of solar PV technology by I es -is
. indeed a welcome move. The following recommendations and follow-ups need to be considered for'
'future training:'

More' regular with rncrease in~number of participants
,The duration of the course seems short for any practical demonstrations and hands~on.training

, 'I es may seem idea,! for. training but the Banjul training; if replicated in the other regions of the:
developing world ata regular interval, could provide a cheaper option for training many people for,

::IC)flger,durations. " "
'.Training' materials <lecture notes(ett) ,need to be more practical and real situation (problem ;"

, .. ,. 'solving)than abstract theory':'-" . ',I "',.;'

" Col,laboration between ICS and tr~ining institutes or Universities for the extension of such training
", ", courses in the developin'g countries.
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