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Foreword

This document is pint publication of the IEA PVRBternational Energy Agen@ghotovoltaic Power
SystemsProgrammé Task 9 and the CLUER Club of African National Agencies and Structures in
charge of Rural Electrificatipnlt essentiallybuilds upon past work undertakerby IEAPVPS Task 9
experts a training sessions and field surveys undertaken in the framework of the-ERUigtivities.
This publication has also benefitted from inputs frdrask 11of IEA PVPS \(PHybrid Systems within
Mini-grid9), publications bythe Alliance for Rural Electrifitan (ARE) anthe International Renewable
Energy Agency (IRENAeferences to documents published by these institutions are listethen
Appendix.

The IEA PVPSProgramme

The International Energy Agency (IEA), founded in November 1974, is an autonomous body within the
framework of theOrganizatiorfor Economic Goperation and Development (OECHat carries out a
comprehensiveprogramme of energy ceoperation among its 23member countries. TheCopper
Alliance, theEuropean Commissipnhe European Photovoltaic Industry Association, the Solar Electric
Power Association and the Solar Energy Industry Association also partinipa¢ework of the Agency.

The IEA Photovoltaic Power SystemBrogramme (IEAPVPS)is one of the collaborative &D
agreements established within the IEA and, since 1993, its participants have been conducting a variety
of joint projects in the applications of photovoltaic conversiorsatir energy into electricity.

The 3 participating countries are Australia (AUS), Austria (ABélgium (BEL)Canada (CAN), China

(CHN), Denmark (DNK), France (FRA), Germany (DEU), Israel (ISR), Italy (ITA), Japan (JPN), Korea (KOR
Malaysia (MYS), &kico (MEX), the Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP),
Sweden (SWE), Switzerland (CHE), Turkey (TUR), the United Kingdom (GBR) and the United States of
America (USA). The European Commission, the European Photovoltaic Industiatibssahe US

Solar Electric Power Associatiothe US Solar Energy Industries Associatod the International

Copper Alliancare also members. An Executive Committee composed of one representative from each
participating country oprganizatiorheadsthe overallprogramme The management of individual Tasks
(research projects / activity areas) is the responsibility of Operating Agents. Information about the active

and completed tasks can be found on the-l®MPS websiteww.ieapvps.org.

The CLUBER

The Club of National Agencies and Structures in charge of Rural Electrification (ER)B an
operational workng group dedicated to rural electrification in Africthe CLUHERaimsto accelerate

the development of rural electrification in Africa by creating the conditions for a mutually beneficial
sharing of expertise and experience between African agencies and national structures in charge of rural
electrification. It is a network foover 30 public entities from 25 African countries: rural electrification
agencies, regulatory agencies and commissions, rural electrification funds and national electricity
companies having the mandate to implement the national policy on rural eleatidic

Since its foundation in 2002, the CI-HR benefits from the fundingrovided bythe French Agency for
Environment and Energy Management (ADEME) bagydthe IEPF(Institut de I'Energie et de
I'Environnement de la FrancophoieSince 2008, CLLUER isalso cefunded by the European Union
through the ACRJE Energy Facility, contract RED/2011/234815, with one of the objectives beirtge
publication of thematic documents and position papers that reflect the activities carried out by the
CLUEER
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Abstract

The state of the art of PV / diesel hybrid systems for rural electrification is presented and the main
issues to addresg from the design, technical and implementation perspectiveare highlighted.
Guidance igrovided to enable sound decision making when considering solar PV hybrid systems to
address rural electrification needs. Hybrid systems are explained and their markets and planning
parameters are outlined. Issues relating to system sustainability andctiviée deployment are
examined.
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Lessons from
past projects

Executive Summary

With decreasing PV prices, PV / diesel hybrid minigrids attract significant attention
from institutions in charge of rural electrification and donor ageneias mitigate
fuel price increases, deliver opeiag cost reductions, and offer higher service

show that, guality than traditional singlsource generation system$he combining of
beyond technologies provides interesting opportunities to overcome certain technical
problems limitations.
related to the The future deployment of hybrid technolggn developing countries will be driven
technology, by different factors according to the type of application addressed. The micro
many failures hybrid system range for use as a reliable and -eff&ctive power source for
are due to telecom base stationsontinues to develop andxpand. Thalevelopment of small
inappropriate distributed hybrid generation systems for rural electrification to address the needs
or unclear of remote communities will rely on the impetus given by institutions in charge of
o providing public services to rural customers. Capacity building acwkss to
organizational concessional financing will be the key enablers for the development of this
schemes to segmentMediumsize distributed hybrid systems need political momentum to
operate and foster the involvement of the private sector. Larger isolated minigrids require
maintain the substantial inestmens and then appropriate profitability. The question of the
system and to extgn'smn of the grid to these places is critical. The private sector should play a
the lack of decisive role agvestor and supplier dlirnkey systems.
appropriate Lessons from past projects show that, beygwdblems related to the technology,
energy many failures are due to inappropriate or unclear organizational schemes to
management operate and maintain the systesnand to the lack of appropriate energy
concepts management concepts‘l’he main observed causes of weakness in the systems
' poor understanding of users and unplanned increage the load, inadequate
revenue, unavailable aftesales service, and unsuitable ownership models.
Applying solar PV technology to reduce generation costs in diesel plants requires
significant capal / investment amounts compared to the more traditional types of
projects that rural electrification funds and agencies have been familiar with so far.
PV [ diesel hybrid systems bring technical complexity in areas where skills are
generally lacking. Theéevelopment of a more secure environment is still necessary
for private investors to be willing to participate. In addition, the lack of locally
available after sales service and skilled personnel is hampering the development of
this technology in the ral electrification sector. PubHgrivate partnerships need
to be promoted and facilitated. For the sustainability of the projects, localibviny
the communities and endsers is essential. Adequate capacity building and training
courses for local operan and maintenance will be necessary to ensure {targ
viability. Agencies should encourage the involvement of local authorities from
project planning to project implementation and monitoring, aadditionally for
local gperation and maintenance
IEAPVPS Task@CLUBER Rural electrificatith PV hybrid systentsJuly 2013 4



Introduction

Photovoltaics, and other renewable energy technologies, can significantly contribute to ecoaoednic
social developmentlo date about 1.5 billion people in the world, many of whom live in isolated areas,
still do not have access to eledity and to clean water, primary health care, edtion and other basic
services;ithe impact of which to a large extent depends on access to electrloity
1998 the IEA PVPS Executive Committee decided to form a new Task to o
effectively address thesissues. This was the very first IEA activity targeting-nc =~
OECP countrigs. Ln its firB,In years, fro[n 199V9 Ato 2909I,’ask 9h§s dgdicated ,its -
FOQOUADBAUASA u2 U KPY Sévie@d Sfor2 Dévetoging2 @8/ 1. N

Recommended Practice Guides were produced covering issues spchgaamme

design, institutional frameworks, sources of financing and business models, gt

management and capacity building. The lessons learned were summarized ir* 10yearsoffasks

LJdzo f A Q0 ydaks Bfyraske ¢

Responding to both the demand from variousganizatiors, governments, banks and development
agenciesand to rapid technological developments, the scope of Taska3 broadened in 2010 to
Peployment of PV Services for Regional Develoginén L& | OGAQBAGASE O2 3SNY

wPV for rural community needs

wPV for minigrids and hybrid systems
wlintegration of PV in the urban environment
wlLargescalePV systems

CLUEER activities (workshops, training, publications, participation in internaticmaferences) revolve
around five working themes:

®w ¢KSYS mY {UNBYy3IGKSyAy3a 2F GKS AYLI OfJUI:¥E
sustainable development;

w ¢KSYS uY hNHIFIYATFGA2Y Il OKIFNIa 27
operators and crosbkorder electrification;

w ¢ KS YWé&ls and technologies to serveral electrification planning including
Geographic Information Systems;

w ¢KSYS nY ¢SOKYyAOFf aLISOATAOFIGAZ2YA |
w ¢ K% Fiancial aspects of rural electrification (national and international fund
mechanisms, pricing, taxation) and regulation.

In 2011, following an identification survepveringexisting hybrid systems in West and East Africa, the
CLUEER organizedwvo training workshops on PMiesel and wind diesel hybrid solutions for rural
electrification for its member organizatianéhgineers and technicians. Major manufacturers of specific
product solutions for distributed generation operating in Africa wengited. This paper builds
extensively on the inputs, analyses and exchanges fhase workshops

IEAPVPS Task@CLUBER Rural electrificatith PV hybrid systentsJuly 2013 5



Scope of the document and target audience

Thispublication aimgo presentthe state of the art situation oPV / diesel hybrid systems for rural
electrification and to highlight the main remaining issues ¢ from the design, technical and
implementation perspectivesThis document does not cover diesel hybrids using other renewable
energy technologies. It also explicitly focuses on rural electrificatiad, primarily on rural minigrids
This documenimay lead to followon publications.

Decision makerdrom institutions in charge of rural electrification planning, electrification funds or
donor agencies, as well as private stakeholdefii find within the documentvaluable information for
sound decision making when considering solar PV hglystemgo address rural electrification needs.

IEAPVPS Task@CLUBER Rural electrificatith PV hybrid systentsJuly 2013 6



1 Hybrid systems: definition and expected benefits

1.1 A context of new opportunities

The progressive electrification of areas not yet interconnectedtite main electricity grid and too
remote for grid extension has mainly been achieved through installation of decentralized generation
units with diesel gensetand, to a lesserextent, via systems using a local renewable resousteh as
solarPV stanealone systems.

Each of these two technologies has its own limitatiadhs: diesel genset option suffers from increasing
fuel prices, added cost foboth fuel transportation to remote eeas and for operation and maintenance
in remote areasas well agyenset inefficiency when run at low load factonseanwhilesolarenergy is
anintermittent energy resourcewhichrequires storagewhen not used duringenerationtime (daylight
hourg) andimplies ahighupfront investment cosbut low operating costsCombining both technologies
makes it possible to offset some of these limitations. For this reaRun diesel gensédtybrid-systems
offer interestingopportunitiesand can be usedroductivelywithin local minigrids.

A hybrid generation system is a system combing §@op more) energy sources, operated jointly,
including (but not necessarily) a storagmit and connected to a locahC distribution network
(minigrid). As PV power opiut is DC and minigrids operate in ACthee heart of the hybrid systerare
the multifunctional inverterdevicesable to convertDCand ACcurrents, control the generation and
storage systems and set tipe voltage and frequency of the minigtid

Figurel: Schematic view of a PMdiesel hybrid systenfor rural electrification

— o &
o

Multifunctiopnal
inverter devices

Battery e

<
PV :ray. ﬁi@

The local minigrid might eventually be connectedthie national grid. In that case, the existing hybrid
generation facilitywould compete with centralied generationon the basis of generation cost,
(generally higher than centraéid generation cost) and on service availability and reliability (potentially
an advantage versus supply frdhre national gridwhich isoften beingaffected by blackouts andhited
serviceavailabilityin rural areas)ln addition, the connection of such a minigrid to the national grid can
provide stability to the public grid.

This documenaddresses PV / diesel hybrid systetnssisting of a PV component, a diesel gerset a
battery bank, connected to a minigrid of variasiges Fom small village grelo larger sizesuch aghe
independent grid of a small towrMicro hybrid PV / diesel systems withottie minigrid are also

! The various functions listed here can either be performed by a central component (as shown in the schematic
view) or by several distinct components connected between each other with a DC or an AC bus.

IEAPVPS Taskq@CLUEBER Rural electrificatiwith PV hybrid systensJuly 2013 7



included. Solar PV plants connected to ratal or regional grisl without storage capacity, are not
within the scope of this document.

In the current context ofthe decreasen PV panel price®V /diesel hybrid minigrids attract significant
attention from institutions in charge of rural eledtdation and donor agenciemainlydue to mitigation
of the fuel price increas@lus an expected operating cost reductipand the possibility to offer higher
service quality with a hybrid system than with traditional sirgpeirce generation systems.

1.2 Characteristics of a hybrid solution in a typical power plant for rural
areas

Typicalcontext of power needsin rural areas

The typical dad curvefor a rural village is generallgomposed of a prominent peak in the evening
corresponding to lightingise a morning/midday peakand a base load. The base load is generally
present in the morning, and in some cases extends to night hounsahy caseghe peak loads two to

five times higher than thdighest power level of the base loatheenergy demandn rural areas during
night hoursis quite limited (or non-existentin small villages) ankdencethe load level during the night is
generally very low compared to thevening and morningeaks.

Figure2: Typical load profilen rural areas

kw

Evening peak (3 to 5 hours/day)

< Morning and mid-day load (8 to 10 hours/day)
- | &
Time
0_\6 12 18 24
Night load (9 to 13 hours/day)

Generation systems consistingly of diesel gensets are generafigt runto supply a very low loadver
several hourdbecauseat a low load factor gensets suffer from degradatioplus thehighly inefficient
fuel consumption mak&this economicallyunviable That is why thepotential energydemand in the
night is not served in small villages. The significant difference between morning and edemagd
levekfavoursthe use of two different gensets toetter matchthese loadevek.

Advantages of hybrid systems in this context

In this context hybridizationwith PV and a battery banirovides the opportunity to supply a low load
for many hours ovemight usinga battery system and, according to the installed PV capacity level, to
coverpartly or fully the morningand midday load.The diesel generator is used to cover the evening
peak and complete the battery charifeequired.

% This is not the only way to run a PV / diesel hybrid system. For instance, the renewable energy, through its
storage in the battery bank can be used to provide additional power to meet spikes in power demand and reduce
the load on a genset that would rwontinuously. Between these two different operational strategies many others
exist. This paper focuses on the strategy detailed above because it appears as the most relevant one for the typical
conditions encountered in the electrification of rural village developing countries. More information is available

in [12] and[13].

IEAPVPS Taskq@CLUEBER Rural electrificatiwith PV hybrid systensJuly 2013 8



The following figuresire based on the load curve of an actual diesel genset pgeert supplying the
village of Ain Ehel Taya in Mauritahi@hefigures show the actual production of thexisting 55%VA
diesel genset today (average daily load curve) and after addirig &Wp PV system with 150 kWh
battery, for a daily energy demand of 14@k.

Figure3: 16 kWp hybrid system in Mauritania: average daily load curve, solar outpattery and genset usévalues inkW)

16 16 R Additti’onal . 16
14 — Average load 14 — Average load ¢ ar/gf"qg v gense 14 —Genset output
12 Solar output 12 Solar output 19
10 10 10
Excess PV production
8 ,\/_/ 8 stored in battery ’\/_/ 8
6 6 6
4 4 Battery 4
2 2 output 2
0 0 0
1 3 5 7 9 11131517 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 1113 1517 19 21 23

Source: IE

Here the yearly PV penetration ratéis 35%.Hybridization significantly reduces fuel consumption,
improvesgensetperformance(because genset running hours at low load are reducedjuces genset
usage and thus extends its bfgan.

The following figures show the production of a 70 k®\ system with 600 kWh battery added to a
diesel plant equipped with three diesel gensefg3, 125 and 175 kVA) Cambodia currently being
studed.

Figure4: 70 kWp hybrid systenin Cambodia: average daily load curve, sotartput, battery and gensetuse (values in kW)

100 100
. Additional
— Average load — Average load \ marémg — Genset output

80 Solar output 80 Solar output bygenset 80 -

60 60 60

Excess PV production
0 40 stored in battery 40
Battery output 1
20 ,_/\/”/\“ 20 ,_/\/”/\“— 20
0 0 0
1 3 5 7 9 11131517 19 21 23 13 5 7 9 1113151719 2123 1 3 5 7 9 1113151719 2123

Source: |IE

In this case the PV penetration rate is 45%. Hybridization allows sapgie baseload with battery
instead of using a small genset for 16 hours a, aelyich would result in poor performance and
shortenedlifespan.

® This diesel genset power plant was installed in Ain Ehel Taya in 2007 withding from the Agence Francaise

de Dévéoppement and the Mauritanian Government.

*The PV penetration rate is calculatbg dividing theamount ofenergy produced by th®V systenby thetotal
amount of energy delivered by the hybrid power plant over a year. This is different from the instaoias
penetration rate that, at a given time, is the ratio of the power produced by the PV system and the active power
consumption of the loads.
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Remaning issues
Major issuesappearing while shifting from a pure diesel model to a PV / diesel hybrid model are related
to access to fundindncreased technical risksd theneed for more qualified personnel.

Funding

Because of their low population density and scattered settlements, providing electricity senviagal
areas is difficult to achieve without any kind of subsidy sysfEnis is true for gensddtased solubnsas
well as for hybrid systems

Existing subsidy schemdsr distributed generationinclude subsidy on investmeni{gquipment for
ASYSNI GA2Y YR AYFNI A0 NHZOGdINE:E 0O0dzali2YSNBQ 0O2yySQ
subsidy on fuel expenses borne by local operators).

A In countries where electricity is subsiéd (end users do not pay the real cost of power) thiplies

that shifting from a conventional genseised power plant to a PV / diesel hybrid system induces a
displacement of the subsidy from the operating costs to the initial investnidris is a significant
change for the public authorities in chargesafbsidizing rural electrificationt also bringsa change of
perspective for the donor agencies.

A Where the investors are private companies, it raises the issue of the willingness of investors to tie up
investment funds over a period of a minimum d@f ytears plusthe ability to raisefunds for suclcapitat
intensiveinvestments

Need for more galified personnel

The technology shift induces a change in the required technical skills of operators and instahlers
creates new opportunities for local distributors of equipmenbut keeping skilled personnel in rural
areas is sometimes difficult

A Capacity building, training, promotion of the technology and suppdidcatedto local equipment
and service providers shoultk part of a comprehensive approati foster the development of this
technology in developing countries.

Technical risks
Batteries and inverters introduced in the system bramdgitional technicakisks compared to systems
based on diesel genssbnly.

A Availability of spares,distribution channels reaching rural areasnd aftersales service for
troubleshooting with electronic invertergss fundamental in ensuring continuity of service. Bundling
projects to costeffectivelyservice the systemand dispatch spares can hetp address this issue.

Generalhighlightsregarding advantages and issues of hybrid systems

1 Today the main advantage of hybridizing a diesel gepseter plant is the ability to provide a
better service quality with extended service houisgether with areduction in fuel use and genset
usage.

1 PV /diesel hybritechnology still needs to be subsidized for rural electrification.

1 This technology is significantly more complex than simple diesel gensets.

IEAPVPS Taskq@CLUEBER Rural electrificatiwith PV hybrid systensJuly 2013 10



2 Current status of PV / diesel hybrid installations

2.1 Overview of the development of hybrid technology in Africa

This section isdsedon information shared by representatives of rural electrification agencies and other
institutional member of the CLUBR during two workshops on hybrid systemedd in 2011 in Mali and
Kenya These workshopgathered togethedelegatesrom 40 Africanpublic institutions companiesand
representatives of manufacturers and operators, during which lessons |d¢anfinologies and design,
current status in each country and future plans were discussed.

Mali

Mali has the largesinstalled PV / diesel hybrigminigrid in Africa: A 216 kWp system implemented in

2011 thanks to cooperation between the national utility EDM and a private operator with funding from

the Malian Bank for Commerce and IndustBresently, theWorld Bank andthe AfDB are fundinga

project (SRER including a hybrids componenthat plans to implement PV arrays in existing diesel
power plants in 40 localitegomprisinga total of 5 MWp PVand a total investment budget of

58 millionUSD (1600 USD per kWp P\Another programmemanaged by he rural electrification

agency (AMADER) is currently hybridizing 17 localities for a planned total of 1 MWp PV power. Several
private operators plan to add PV capacity to diesel power plants (Kama SA: 300 kWp, SSD Yeelen Kura:
300 kWp plannedh addition to existing 72 kWp hybrid plant, aildgaz: 22 kWp)

Sengal

Sen@al has been one of the most active African countries in the implementation of hybrid technology.
With Isofoton from Spain, a 13 billion FQRBMEUR)programmehas implementechine hybrid power
plants in remote areas and islaniusthe Saloum Blta to provide electricity service to@0 households

and several productive activities. In association with GIZ and DGIS Netherlandsmdli685CFA

(1 MEUR)rogrammehas implemered 16 hybrid power plants (5kWRV, 11 kVA diesebch and an
extension of thigogrogrammeplans to add 50 more hybrid systems. Two larggsrid power plants are
planned m islands in Casamance (30 kWp PV and 50 kVA diesel each).

Tanzania

¢CHyYyTFYAFQa wdzNI f (REAEROGavBEAhYbkidOtechnbl@gy as lori Sff/thikedsolutions to
providereliable and affordable electricity supply in isolated ardagvate developers presently manage
the development of hybrid systemshile REAorovides supporto developerghrough capacity building
technicalassistancepromotion of the technology andwarenessaising.REA is planning to use various
financing schemeto further develop hybrid technology.

There are currently several hybrid systemstalled, mainly in the range df to 10kWp PV Thereare
plans toimplementsystems thatnclude wind energy.

Rwanda

Since 2007, PV / diesel hybrid systems have been installed in 50 remote tresatites (typically with
gensets ratecht 16 to 20 kVA iad 3 to 6 kWp PV arrays). Diesel generators are usdxhels upto PV
supply. Hybrid systems are owned by beneficiaries and are financed through grants from different
international development partners working with the Ministry of Health. These systewsreducel

fuel consumption an@nabled theuse of new medical equipment, but maintenance remains a challenge
for the beneficiaries.

Mauritania

In 2013 ,with 2.3 MEURof funding fromthe European Unioya | dzZNA G F YA Qa ! 3Sy o0& F2N
of RuralElectrificationwill implementsix hybrid PV / diesel power plants spread across the country.

Three of themwill consistof anaddition of 15 to 20 kWp PYb existing diesel power plants, and three

will be new power planteachequipped with 25kWpPV and two diesel gensets.

IEAPVPS Taskq@CLUEBER Rural electrificatiwith PV hybrid systensJuly 2013 11



Uganda

Presently, hybrid systems in the 5 p\Ménge have been implemented at rural district headquarters and
at a few industries. The deployment of this technology is stthainfant stage.

The Rural Electrification &tegy and Plan established in ZDaims to connect over 500,000 new
electricity customers to the main grid, independent grids, and to solar PV systdathshe support of
local institutions (Rural Electrification Fund, Rural Electrification Board and RaatiifiEation Agency).
Theseinstitutions are willing topromote PV / diesehybrid technologyREA has budgeted for feasibility
studies in 20122012 for hybrid solutiosin Koome and Buvumialands (hybrid systems with wind, solar
and diesel sources).

Kenya
In 2011, a PV / dieshybrid power plant was implementgd 0 kWp PV, 80 kVA diesdt)wasthe first of
its kind in the countrywith theimplementation managed by KPLC.

Burkina Faso
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PV component to existing diesel power plants in the Sahel region. A previously installed PAt treay

diesel plantin a remote locality in Sahel Ivsoon be connected to the main grid.

Madagascar
In 2010, two hybrid systemisased on PV were implementedn® funded by the government (7 kWp
PV, 12 kW diesel) and one by the African Development Bank (8 kWp PV, 100 kW diesel).

This brief overview,which does not claim to be exhaustive, shows that there is explicit interest for the
technology, in particular in areas where no other resosraee available other than the sunMost of

the projects implementedn recentyears were pilot projects, mainlgmall hybrid systems in the range

of 5 to 30 kWp PV, strongly supported by donor financing. But larger projects are emerging, in particular
in Mali.

African gyencies in charge of rural electrification are progressiaelguiring knowledge about actual
costs and are receiving technical feedback. This technology is still emerging and -{scgke
governmentalprogrammes have yet to bdaunched. The issue die large upfront capital cost remains
a major hurdlgoday.
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2.2 Presently available product solution s

Therecent andincreasingnterestin PV / diesehybrid solutionsstemsfrom two sources: the need for
improved electrification solutions for remote locationghere the rising cost of diesel is a major
problem, and the fact that PV / disel minigrids a& seen agotentially being a important adjunctto
the PVmarket in OECD countries.

Among the components of a hybrid system, the genset, the batteries and now the solar PV panel are
commodity products. The key componeiih whichresidethe technical added value are the inverters
They perform several functions:

- Controlling the operating point of the PV array and optingits output,

- Inverting DC current (from either the battery or the PV) into AC and ngotithe AC current ird DC to
charge the battery

- Controllingthe charging processf the battery to extend its lifespan.

These functionalities may be split between several distinct unisoore functions can beombined in a
centralunit component

Multifunctional inverers for hybrid minigrids are different from grannectedPV inverterghat match
their voltage, frequency and phase with the utidgypplied sine wave of the griftor safety reasonshe
latter are required to shut down automatically upon loss aitility supply. On the contrary
multifunctional inverters used in hybrid systems are designed to form the minigeidthey set the
voltage and frequency of the minigrid. They are referred togad-forming inverters or islanding
inverters.

Forthe remote or rural electrification applicaticn this key component was developenhainly by solar
inverter manufacturers develapg products for PV plants typically in the range of 1 kV2@&W, in the
form of single PV inverters and battery charge contrefeof similar power range. Combining
multifunctional inverters with P\inverters or charge controllershese modular products allovior
systemsizes of up to 300 kW of PV output power.

Tablel: major manufacturers ofnultifunctional inverters for hybrid application, with power range addressed

Manufacturer* Multifunctional inverter: output power level**

Outback Power modular: 2to 3 kVA 1ph |upto: 27 kVA  (3x3x 3kVA)
Schneider Electric | modular: 410 6 kKVA 1ph | upto: 54 kVA  (3x3x 6kVA)
Studer modular: 0.5to 7 kVA 1ph |upto: 63 kVA  (3x3x 7 kVA)

SMA modular: 5 kW, 6 kW8 kW 1ph |upto: 180 kW  (3x12x 5 kW)
Ingeteam modular: 10 kW,45kwW  3ph |upto: 195kW (15 kW+ 4x 45 kW)

* Ranked according to rated output power miultifunctional inverter
** Power units: kVA for DC bus systems, kW for AC bus systemandii@ph: single or threphase units

The hgher power range (from <50 kW to MW) can be addressed with Uninterrupfibieer Supply
(UPS) systems. These are mainly used in industries or activities where potential power failures from grid
supply cannot be afforded. According to power needs and response time, UPS generally canstitute
battery banks and/or diesel genseane of the majomanufacturersof UPS systentsave products or
activities linked tothe solar PV marketAmong them are AEG Power Solutions (which has already
implemented a UPS system within a PV / diesel hybrid in Mali)neider ElectriSIEL, Woodwaid].
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2.3 Cost and operational issues of hybrid systems

Current nvestment cost

Rural electrification agencies as well as many~gures: Pricing trendof solar PV paneld9852011
operators of small diesel mlnlgl’ldS are aware gq ce: 1989010 data from Paula Mints, Principal Analyst, Solar

that hybridization can helpo provide a better

service and redueproduction coss compared s
with singlesource systemsThe cost of solar ;¢

panels has been steadilgecreasingand this s
trend favous a broad deploymenof PV hybrids ..
systemsHoweverone alsohas toconsiderthat a as
a hybrid system has many other componerﬁs35
besidesthe PV arrayThe cost of the storage..f
component is significant In addition the
battery chage control feature of thespecific

Uzs

15
0%

inverters for hybrid systems makes them more 1985
expensivethan gridconnectedinverters, and
these make a significant cost difference

compared
connected to the grid.

to simple PV power

plants

Services’rogramme Navigant. 2011: based on current market data

1995 2000 2005 2010

Data collectedn recent systems installed in Africa and Asia show that the tymahinstalledcost of a
completePV/ dieselhybrid systemnis in the range 05 500 to9 000 EUR / kWp with variations according
to system size and locatioliesel gensetare widespread in developing countries and products and
servicesfor those are readily available. On the contrary, solar PV distributors and installers with a
significant market base and experience are far feweplying increased costs for that part dhe
system and some variations according to the country considefsdmples of cost structuref two
hybrid systemsare shown inthe table below. Despite variations due to system size and location, the
cost structure of a PV / diesel hybrid systeypicaly follows thebreakdown shown in the pie chart.

Table2: Cost structure of two hybrigystems in Senegal and Cambodia

Location Senegal Cambodia
PV array capacity 30 kWp 70.8 kWp
PV panels and support structur: 56¢c nn 1411 n n
Inverters 42T nn 93c n n
Battery bank 29y nn 122c n n
Genset 21n nn 84c nn
BOS (includingivil workg* 24n nn 98n n n
Total 174p n n 540 n n
Total / kWp PV 5y H N 7cnn

*Cost does not include any MV or LV grid.

Operating costs and payack period
Theprime goal of @ding a solar PV component to an isolated digeelier plantis generallyto reduce
its fuel consumptionThe payback timéor the investmentin the PV generatoand storage systerno be
compensated by fuel savingsakes economic sense ifitreasonabl@nd acceptabléo the investor.

Sources: GIZ, IE

Figure6: Typical cosstructure of a
PV/ diesel hybrid system

The bllowing are he results of a simulation for @ kWphybrid systemon an island in Ecuad¢2].
Under the local conditionsand with a solar energy penetration rate of 93fte calculationshows a
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payback periodbf 12.7 yearswith the assumptionof a constant fuel cost (0.7 USD/Compared to a
simple genset solutignthe levelized cost of energy is reduced by 15% (0.46 USD/kWh compared to
0.54USD/kWh)With a higher fuel cost (1.5 USD/L) the payback period is reduced to 6.2 years.

Figure7: Example o060 kWpPV / diesel hybrid system in Ecuad@imulation of total accumulated costs over 20 years

Total cost (USD) Energy data
800000
L Solarresource 6 kWh/m2/day
——Diesel Genset Energy demand 266 kWh / day
S Peak load 26 kW
e Fuel cost (constant) 0.7USD /L
400000 Cost of components
300000 Genset 30 kVA 400 USD / kw
200000 PV 60 kWp 2822 USD / kW
100000 Battery 225 USD / kW
6 Converter 1445 USD / kW
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 Year Llfespan Ofcomponents
Total cost (USD) Genset 25 000 hOUI’S
800000
=PV Hybrid 1.5 USD/L Battery 8 years
700000 " icseiGenset 1.5 USD/L Breakeven point 12.7 years
600000 PV Hybrid 0,7 USD/L SOU rce {2]

——Diesel Genset 0.7 USD/L
500000
6.2 years l
400000

Impact of higher fuel cost

Fuel cost (constant) 15USD/L
Breakeven point 6.2years
Adapted from[2]

300000

200000

100000

0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 Year

Operations and maintenance issues

PV panels

Beyond thelocal solar resource and thesost of fuel (and its potentiakscalatior), many other
parameters influence the actual payback perigida hybridization investmentSolar PV panels have a
long lifespan (more than 20 years), libeir yield gets slightly reduceavertime. This parameter has to
be computed in the economic analysis across the project timefr&iepanemanufacturers generally
guarantee 90%of initial performance after 10 years and 80% after 25 yedmstther, the actual
possibility of resorting to the guaranted needed after a few yearsemainsan open question in areas
where distributos are not weklestablished companies.

Battery bank

The lifespan of the battery depends on many parameters related to the way they are operated and to
external conditions in particular the ambient temperatureFor instancetypical leadacid batteries
designed for solar energy applicatowill lose between 15% ta20% of theirlifespan(the number of
chargedischarge cycles they can perform) for each 5°C above the standard tempecddt@&2C. In
addition, the deeper the battery is discharged at each cyadgpth of discharge)the shorte its lifespan.

This implies thato reachan optimalbattery lifespan one has to install a largenough battery to
achieve asuitabledepth of dischargeConsidering the battery cost (around 2@8630%o0f total system

cost) it is reasonable to design the battery banidats operating conditiondo last for six years
minimumand ideallyeightto ten years.
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Inverters

An inverterQ &fespan can extend to more thaten years, but this component is a higéchnology
product and the replacement of a failing compondrasto be undertaken by aechnican from the
supplying company. The specific complexity of the inverter often regufrat a proper aftersales
service plarbe implemented to ensure longerm sustainability of the system. Risks associated with the
failure d an invertershould be considereaspecially imemote locations or countries with very limited
presence okpecialted suppliers

Diesel generator

Regarding the diesel generator, major maintenance operatibregild beconsideredwith respect to the

cost and unavailability of the equipment. Gensets in the range of 30 kVA to 200 kVA would typically
need a major maintenance operation after 15,000 to 25,000 running hours.

Ewolution of the load

The evolution of the load can also affect the share of each energy source in the total power supply of
the hybrid system. This can affect the payback period as well. Generally a load increase would mean a
reduction of solar energy stored and an increasealfir energy injected directly, and thus a reduction

in storage losses. However, a significant load increase in the segments of the daily load curve that are to
be supplied bythe battery bank and associated invertetll entail higher discharge currentand thus
reduced cycle efficiency.

Key highlights regardinghe barriers ofhigh upfront mst and technicatisks

Under thecurrent pricesfor specific equipment for hybrid systems, and taking into account the risks
mentioned abovethe potential 15%reduction of thelevelizedkWh costin the above example will
appear insufficient to a private investor to cover thessiblecauses of long term cost overrungthout
substantial public support (subsidy).

A The above anlysisconfirms the needor a strong publicprivate partnershipto mitigate and share
risks

- Engagemenbf the private sector by way of capacity building, ensuring highdefeghaintenance and
quality,

- Public sectorengagement for grogrammeapproach, and probably subsidy / fimgal support during
the initial years to build skills ant developthe market.

The kWh cost of the hybrigBd system directly depends on the local solar resovadgich determines
the cost ofelectricity generated by a PV system of a given cesi)l onthe cost oflocal dieselfuel
(including transport cost to the site)

A At the 2012 costs of PV systems atite real cost of diesel, the areas where hybridization makes
sense are limited to placewhere the solar resource is very high or where fué&ransport is very
expensive

The following map of Africa providean example bareas wherethe diesel option andhe solar PV
option are the least cost options

Becausehe price of fuel is likely to continut® risein the future,at the same time as the pric&f the
other components wilinost likelyreduce, areas where hybridization makes sense will certainly expand.
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Figure8: Map of estimated cost of kWh delivered by a diesel generator and by a PV systiéima minigridin Africa
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More information about this map can be found[B] and[4].
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3 Market analysis and key indicators for project planners

3.1 Suggested market segmentation

There are different levels or stages in the process of electrifying localities that ardistancdrom the
main electricity grid:

1 Preelectrification strategy generally starts with providing power to communities through
individual solutiongsolar homesystemsfor households standalone systems for basic services
such asealth centres, etc.)Micro-hybrid systems are a suitable solution for institutiacgeh as
health centreghat requirereliable power supplyduringthe day.

9 Basic electrification of remote locality, via a small power plant, will first seek to cover essential
needs such ashe lighting requirements of households and essential services (local health
centre, other community services, et§mall hybrid systems with a PV component in thé\fp
to 30 kWp range can typically serve this application.

I The localities in which there are small commercial or productive activities using power provided
by small individual gense{before any common poweservice is implementedequire a more
advanced electrification facilitywhich should be able to meet the needs of these economic
activities and their potential growtivledium-size hybrid systems (30NMpto 100 kWp PV) are
suitable for this segment.

1 Finally the localities benefiting from more developed economic activity (aedce generally
powered by a gensdbtased power plant) but far frorthe national electricity grid can benefit
from the development and cost reduction of hybrid systems technology

Hybrid systems can be used to power each of these segments. Between thesedkat segments
there aredifferences in terms ofhe budget required for the hybrid systeable tomeet the needs, in
the type of equipment, and in the organizational anceggtional aspects as well.

Figure9: Market segmentation for PV / diesel hybrid systerfar rural electrification in developing countries
(type of systemwith upfront investment cos)
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More information about the &y paraméers pertaining to each of thenarket segmentsis givenin the

following chapter, with a reference to the typical size of the PV comporerdload rangesThese load
ranges do not refer to village population numbers becausertival per capita consumption cavary
widely between countries.

3.2 Key information for decision making in rural electrification with hybrid
systems

3.2.1 Basic electrification of institutions ( micro hybrid systems below 5 kWp)

A This type of system supplies ondient: An institution such as a school, an administrative office, a
health centre or a community centre, having most of their activities occurring during working hours. The
peak load andlailyenergy demand can vasjgnificantly depending on the user of the sgst.

An institution typically has its largest power demand during working hours, usually daytime. Appliances
in use requiring electricity may be office equipment such as computers, copy machines and printers.
Depending on the specific usetr may, for example, alsocomprise laboratory equipment for a school,
refrigerators for cooling medicines at a healtientre, charging of batteries and mobile phones for
villagers at a communityentre, or electric tools at a vocational trainicgntre.

The power demand may have a peak at some point of the day, or may be relatively constant during
working hours. Sometimes a smaller load is present outside working hours, for example security lighting
or refrigerators. Further, some institutions may havéiates in the evenings, such as boarding schools
and healthcentreswith admitted patientsHowever, he power demand in the evening hours is typically
lower than the power demanduring thedaytime

Since the highest power demand occurs during sureshiours, a significant share of the PV generated
electricity can be used directly when generated. A storage system should preferably be large enough to
supply the evening and the night loads in order to limit the use of fuel based power generation and
hena the running costs. If there is a peak in power demand during daytifugl-hasedgenerator can

be used to cover that peak demand together with the PV panels. Using a hybrid solution to cover the
demand peaks, instead of using only PV, will limit thguieed size of the PV production unit needed,
which can lower the investment cost of the system.

Another option, particularly useful if explicit peaks in power demand do not occur, is to design the
system so that the normal load can be supplied by theg®\eration together with the batteries when
favourableto normal weather conditions occuFordays or periods of higher power demand, or lower
electricity production from the PV panels due to low solar irradiation, the-lfasked generator can be
used tocharge the batteries and supply the loads. Hybridization would, &tsthis caselower the
investment costs since the system can be designed for danteurableconditions, at the same time as
increasinghe reliability of the system.

Power systems ainstitutions such as healtlcentres schools and administrativeentres have the
advantage of havingne manager Careful operation and flexible use of electricity, based on the daily
status of the power system, can in many cadesmore easly applied tran within a system with
responsibility divided betweemmany users.Consequentlythe risk of sudden power shortages is
lowered and the frustration often arising when a technical system does not deliver the expected service
is limited, resulting in higherser satisfaction. Further, essential loads can to a larger extent benefit
from a secured access to electricity, and tifietime of components in the system can increase.
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Example of an existing installation with a micro hybrid system

In 2008 a PMiesel hybrid system was installed at Ihushi Development Centre (IDC), near M
Tanzania Earlier, several small Rystems were used and a diesel generator was needed
carpentry workshopAs many as possible of the components formpersed in the small P§ystems
were used to form the central micrgrid, and additionally required equipment was purchased.

IDC is acommunitybased organization running several projects in the village and a vocati
training centre for sewing, carpemntrand masonry. At theentre, there are classrooms, a carpent
workshop, a preschool, a business centre where computers can be used and courses are
meeting hall that can be rented for large meetings and special occasions, a guest house, tvgo
and a kitchen. The hybrid system supplies power for lightir
computers, a copy machine, a TV, a refrigerator, the charging
mobile phones for the villagers, and occasionally hand tools §
carpentry, an electric iron or electric sewing machines.

The supply side of the hybrid system includes a 655 Wp
array, using two different types of modules, and a 12 kW die
generator. Thehree-phasediesel generator is mainly poweringgeg"
machines in a carpentryorkshop and one phase is connected to the Pgtagn making it a hybric
system. A battery bank of five 12 V 200 Ah vabkgulated lead acid batteries form the ener
storage. The system has a charge controller with MPP tracking;daebtional inverter with
maximum output of 1 500 W, and a voltagelsilizer stabilizing the power entering the system fr¢
the generator. The distribution system is divided into AC and DC sections supplying different
DC is used at night for security lighting purposes, while AC power is used cuintythe daytime.
The DC load is stable at about 50 W throughout the night, with a slightly higher power demand
evening. The energy used in the DC system amounts to less than 1 kWh/day. The AC lag
more unstable nature, varying over the day as well amfday to day and from week to week. The
is no AC power demand at night. During working hours, the average AC power demand is
150W with peaks of around 500 W. The total energy consumption is arounk\VitBo 2 kWh per
day not including weekends

Source: Caroline Nielsen, SERC Dalarna University

®> More information about this system can be found16].
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3.2.2 Basic electrification of a small rural village ( small hybrid system : 5to 30 kWp)

Small hybrid systems are suitadier supplyng the power needs ofa small rural villagevhere the
energy consumptionis quite limited; for instance a village witmo, or very few productive or
commercial activities.

A \Villagewith a peak load in the range 3RW to 60 kW, and a daily power consumption 850kWh to
300 kWh/day:

The typical daily load curve ofr@mote village with limited energy needs shows a low Hasae that can

be supplied by solar energy and a battery bank. The battery bank would store the equivalent of one day
of solar energy generation. The peak load is generally in the evening duetingigbes. To meet this
peak, either the battery orthe diesel genset is used. In addition, if the battery is low, the genset is
automatically started and charges the battery simultaneously to supplying the clients.

Hybridization allows longer service urs to be providedthan with a pure gensebased power plant,
becausethe battery can serve very low loads that are difficult and costly to supply with gensets.
Compared to a pure PV option, hybridization allows a smaller PV array and a smaller battery.

These systems can achieasignificantyearly PV penetration ratel0% to ®% for instanceln systems
with high penetrationrates the diesel genset plays the role of a backup device used to compensate for
insufficient solar supply occurring a few days pear or to cover some uncommonly high peak loads.

A Stakeholdersconsidering electrifying aemote locality of this type with either grid extensiona
gensetbasedpower plant or a hybrid systershould consider the parameterpresentedin the table
below.

Table3: Matrix for decisionrmaking pertaining to small hybrid systems

Smallhybrid systems ( 3kWp to 30 kWp PV)

Remote village with very few activities Peak load 3660 kW 150-300 kWh/day low growth rate

Option Key figures for economic / financial analysis

Level of Required
service operating skills

distance MV line cost | yearly sales timeline for grid

Grid extension to grid 8131 € Kk |55t0110 MWh/year |extension full service no
-if mandatory subsidy o o
Dieselbased initial investment 3;2:2: fCquslt of | diesel: for a total of grenrl\t/ie:e basic local skillg
(incl. 1 genset) 5510 110 MWh/year | genset lifespan (genset
power plant 0T n e OG9EY y G2 schedule (no maintenance)
kWh tariff base loal)
-yearly O&M costs
-payback period
) -reduced mandatory -lona lasting PV o
_ initial investment accessible subsidy on diesel: . gt tg training
Hybrid-based 180250 | ¢  Ppenetration @40% PV penetration: Investmen 24—h0_ur required for
power plant rate > 40% 30-65 MWh / year (25yrs) service operator
(Ex: 30 kwp PV) | * battery renewal 69EY o (2 |-batterylifespan| POssible + distant
(8 years) 3%Bn 1 kwh tariff . support
-reduced O&M costs -increased

genset lifespan

**Based on improved genset consumption: 0.35 L/kWh

Investment datashown for comparing optiondoes not include cost of the local MV / LV gdninigrid
Initial investment and battery renewal cost for the PV / diesel hybrid option are based on a 30 kWp system as an example.
F.laSR 2y | omx: &ddzoaiARe 2y modnn ek[ FdzSt LINKAOS IyR 3ISyasSia Oz2ya

This type of village would typically lethin the mandate and scope of public electrificatibadies The
public bodies wald generally have a subsidy schefoe this category of customerén some Sahelian
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countries a subsidy on fuglThe choice of the hybrid option would make economic sense if the timeline
for the electricitygrid to reach the area is long (% years), if the total cost of fuel including transport
to the location is high and mandatofyel subsidieqif they exist)are high, if the feasible penetration
rate is significant (>40%) andaifconcessional loan @ubsidy is available. In addition, local operators
should have thability to operate a slightly more complex system than a genset.

The remoteness and the limited yearly sales of electricity in such a village are not very attractive for an
independentpower producer If a private operatowere to invest in such a location, it would fawothe

least risky option: a diesélased minigrid PublicPrivate partnership is relevartere, with the public

sector for the investment and a private operator, funciilng with a performance based contraétrom

the technical point of view, this category bybrid system typically uses assemblies of small modular
inverters of 3kWto 10 kW. These small units can be assembled to foghase grids of higher power
levels.The main manufacturers ehultifunctionalinverters for this range dfiybrid systemsre Studer,

SMA, Ingeteamand Schneider Electric.

Regarding operation and maintenan@nd considering that in remotareas it is difficult to maintain
skilled personel, the system should be designed to be simple and robust. Regular byskkilled

techniciansorganized as a tour to cover different hybrid installations in a specifig acedd be a good
wayto ensure proper system operation through sharing the costs of maintenance Visisssegment is
presently perceived as particularly attractive by rural electrification agencies in Africa.

Example of a 16 kWp hybrid system in Mauritania Source: |EQ
Thevillage of Ain Ehel Taya, in the Adrar region, 40 km from the regional capitaiohtarises340
households. A small power plant, equipped with a 55 kVA (44 kW) diesel genset supplies p
220 clients. The load curve shows the typical shape withak jpead of 28 kW in the evening in tk
summer season, but during morning hours the base load is significantly lower (around 9 kW).

reason, the average genset load factor is low (21%), with high fuel consumption as a conse
Local power demanit expected to grow at a ratef 3%

A hybrid system has been designhed and optimized to be able to absorb this demand growth,
the fuel consumption, and optimize the use of the existing genset. A 15 kWp PV system is p
with a 145 kWh batterppank and a 16 kW inverter. Simulation shows that the PV sysiéimrovide
around 40% of power needs and that the genset will be used more efficiently (57% load factg
five years). The cost of hybridization is financed through a subsidy, for which the paybackvpidr
be 8.3 years (including the replacement of the battery aftiee years).

Exampleof a 5.2 kWp hybrid system in Senegal
This systenmasbeenvisited and analysedithin CLUEER
activitiesin 2010

Resultingfrom a local initiative developed within the PERAC
programme a hybrid system has been installed the remote |
village of Sine Moussa Abdou in the Thiggion, to supply P—
electricity to the 900 inhabitants of the village. It is composed op. |
5.2 kWp PV array (compreented by a 5 kW wind turbine) with a#= ===
120 kWh battery bank and a 8,5 kVA diesel genset, used only as a
backup for the days when solar and wdirenergy would not have charged the battemyoughfor the
evening loadUsersare equipped with smart meters that closely monitor local consumption and
installation is also used as a pilot project test smart meters and the windolardiesel hybrid
system.

Theoverallinstallation was financed bthe GTZ (PERACQ@ibgramme’  p for theebuildingand
inverters){ 9 a L { fdr pngineé&riagd, and INENSUS Germamy/( : Wirdturbine, genset, battery
bank).
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Example ofthe ERSENrogrammein Senegal, cdunded by GTZ and the Government of Senegal
Since 2009, thiprogrammeis funding andinstalling, among other electrification solutions, P
diesel hybrid systems in rural areas of Senegal.

Technical choices

The hybrid power plants of thprogrammeare small PV / diesel hybrid systems (3kRV, 10 kVA
Diesel gensets) witk50 kWh leaehcid battery banks. They serve villages of-B00 inhabitants (50
80 households) with an evening peak estimated at 4 kW. Solar is the main energy soutbe

diesel genset is used as a bagk Because of local conditions (insects, humiditg salinity for island
sites), equipment is planned with the following lifespan: battery renewal &gt years, inverters
ten years, diesel generatorden years.

Administrative and commercial organization

During the firstsix months, GTZ providetechnical support for management of operations of t
hybrid power plants, and these activities are later transferred to local private operators who
invested in the equipment. Operators run the systems, manage the maintenance and
payments. Taffs are set by the national regulator.

To improve the collection rate, which remains a problem (especilljng hunger gapfor very
isolated communities) vilage management committees have been set up to ensure the
collection of payments.

Results and issues

The electrification rate within a village with a/lirid system reaches about 65% sionths after
commissioning. Howevethe main problem is that power demand often overloads the syst
indicating that the sizing is not appropriate and/attention has not been paid to custom
education, load management and usage feedback

SourceASER Senegal

®The hunger gap is theeriod between harvests during which poor farmers have already exhausted not only
available food stores but are also not having access to affordable and adequate food.
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3.2.3 Electrification of a village with productive activities

30 to 100 kWp)

(medium size hybrid system:

Mediumssize hybrid systems are suitable to supply the power needswlflage where productive and
commercial activitie use energy during the daytime.

A \Villagewith a peak load in the range 6R&W to 150 kW, and a daily power consumption 800 kwWh
to 1000kWh/day.

The typical daily load curve aluch a villageshows a significant power demand at midday andhe
early afternoon. There is generally a highmadin the evening due to lighting useBhere is a baskwad
during the night. The gensdor two synchronized gensetsf the hybrid systenis used to cover the
evening peak. Thaight load is supplied by the batteryAs a result of thenidday load,a significant
share of solar energy is used directly whiens generated The required batterycapacity isdefined
according tothe excess PV production and tbe amount of energyequired to cover the night load
after being fully charged in the evening by the genset. Battery capacity mayopertionally smaller
than for small hybrid systenibthe night load is lowin that case dattery capacity of 0.8.8 times the
daily solar energy generatia@ould be sufficient.

Reaching highPV penetratiorratesin this category of system®quires very large initial investments
That is why thexccessible@ange of PV penetration rat@ould not be higher than approximately 60%

A Stakeholders considering electrifying a remote locality of this typéth either grid extension, a
gensetbased power plant or a hybrid system should consider the patarapresentedbelow.

Table4: Matrix for decisionmaking pertaining to mediurrsize hybrid systems

Medium size hybrid system ( 30160 kWp PV)

Village with productive activities Peak load 66150 kW 300-1000 kWh/day expected growth

Option Key figures for economic / financial analysis Leve_l o Req'uwed.
service | operating skills
. . distance MV line cost | yearly sales timeline for grid .

Grid extension to grid 8131 € K |110to 370 MWh / year| extension full service No
o -if mandatory subsidy ]
initial investment  actual cost of | 51, diesel: for a total of synchronized

Dieseibased (incl2 to 3 gensets diesel fuel 110 to 370 MWh / year| gensets lifespan | full service gensets

power plant for load following 09 EY MH (1 operation &
80151 | € kWh tariff maintenance

-yearly O&M costs
-payback period
) -reduced mandatory | -long lasting PV svnchronized
_ initial investment ~ accessible | ypsidy ordiesel: investment (25yrs) )e/nsets 0&M

Hybridbased | 42056n 1€ penetration | G409 PV penetration battery i . g

power plant b | rate >40% | 65220 MWh/year -hatiery ltespan 1 full service|  + training &

(Ex: 70 kWp PV 2’8 ag;erg g?:i‘:"a ( _ 69 EY T {2 |-Reduced genset distant support

Y kWh tariff investment (no required

-reduced O&M costs

unit for baseload),
increased lifespan

Investment datashown for comparing optiondoes not include cost of the local MV / LV gidninigrid

Initial investment and battery renewal cost for the PV / diesel hybrid option are based on a 70 kWp system as an example.

F.lF&asSR o /&: fudl gricedahdryénse? opnswmptiom0.36 k/KWh

2y |

The amount of capital required in this range of hybpmwer plantsis significant(200 to 900 kEUR,
compared to80 to 150k EUR for a diesel planand would generally imply the involvement of

commercial banks and the private sector.
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From the point of view of a private investor, providing capital for the investment for the PV aptish

be attractive The savings in generation coétersus the diesel optiondhould pay back the initial
investmen in a reasonable tinfeame and provide a suitable rate of return. To be viable from an
economic and financial point of viewnd to attract investment, a mediursize hybrid system has to be
extremely efficient. Environments with low fuel costs or withileéd solar resource would make it
difficult for such a system to compete with diesslsed power plants.

The risks associatedith this type of system have to be considered as well. There are technical risks
(potential equipment failure, improper batterynanagement), forecast risks (lower demand than
expected, potential connection of the locality the mainelectricity grid) and commercial riskgariff
stability is required.The investor would require a lorigrm power purchase agreement, and may
imposea takeor-pay condition.

Publicco-financing and risk sharing instruments are requirectiact private investors.

From the technical point of viewhis categoryof hybrid systems typically uses assemblies of modular
inverters of 5kWto 45 kW.Themain manufacturersof multifunctionalinvertersfor this rangeof hybrid
systemsare SMAandIngeteam

Properly operatinghe synchronized gensets and controlling the smooth operatiorihef electronic
equipment (inverters) of the PV system requirelidrained personnel on site. In addition, a distant
support scheme would be required for troubdtooting and for assistance if some equipment failure
requires the replacement of a component.

This segment is presently perceived as particularly attradby rural electrification agencies in Africa
and beyond.

Example of a hybrid system for research and developmer*
The Fraunhofer ISE research institute and the inverte
manufacturer KACOnew energy are presentlpperating Ganeratr
and studying a PV / diesel hybrid system in Germany. ~ ..o @
system consists of a PV array providing 51 kW (m S &
output), gricd-forming inverter (120 kW) high efficiency g - ) &
charge controllers, a dual battery system which combin \%&‘“ TH o

the economic efficiency of leaatid batteries (288 kWh)

with the high efficiency and cycle durability of lithition batteries(96 kWh)and intelligent meters
which allow new approachds consumption management. The migiid concept is also designed
enable it to be connected to theationalelectricitygrid in the longr term.

An energy management system is connected to the different energy sources and loads in 0
ensure that the system works as efficiently and eefféctively as possible and that the resourq
used are optimally deployed in energy and economic termiis device helps to calculate tf
consumption and controls it via a variable electricity price. For example the energy manag
system will switch the water pumps on only if there is plenty of cheap energhablea

SourceFraunhofer ISE
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Example of a 72 kWp hybrid system litali

This systenmasbeenvisited and analysedithin CLUBER activitiegn 2010

The hybrid power plant of Kimprana in Mali was jointly developed thiehDutch Cooperation. It is
currently operated by the energy service company SSD Yeelen Kura. It serves 217 hoy
(approximately 3,000 people). The investment cost of the solar component (excluding gense
local grid) was 328 MFCBAp n n boijightiby SSEeelen Kurd FRES / Dutch Cooperation.

The PV field totals 72 kWp. The spediture of this plant is that it is subdivided into two salrays
with distinct roles and different regulators: a first salray (34.5 kWp) is connected sixinverters
SMA Sunny Mini Central (400 V DC) assembled in three phases; a secemdagubf 37.5 KWp i
connected toa battery bank (48 V DC) via a DC/DC charge controller unit, and a seheo
bidirectional inverters SMA SI 5048 assembled to create a {hin@se380V AC supply.

The battery bank1185 kWhhas been designed to supply the equivalentioEe consumption days
The 175 kVA genset is turned on manually in the event of insufficient PV production and low
level The system was designed in order for the genset to be used less than 500 hours per yeat

Operation began with a 2hour service, but customers tended to consume more than what {
were able to payor. This is why the SSD then limited service to ddréiper day, and later on to 1(
hoursper day. The PV and battery bankw sufficientlycover present consumption, and the gens
israrelyused.

3.2.4 Large hybrid system for a small town with economic activity (> 100 kWp system)

Large hybrid systems can supply the power needswiis having a locat A & f | ynBtconddd R
the utility grid.

A This type of town would havpeak loads above 16 kW, anddaily power consumption higher than
1000 kWh/day
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