DORTMUND UNIVERSITY OF TECHNOLOGY
Chair of Environmental Architecture
Dortmund, Germany

PhD
RESEARCH THESIS

PHOTOVOLTAICS IN GOVERNMENT SERVICES
IN RURAL AREAS OF TROPICAL DEVELOPING COUNTRIES:
WITH SPECIAL CONSIDERATION OF EAST AFRICA
and TANZANIA in PARTICULAR

by
Kamugisha A.W. Byabato, MSc.; Dip. Ing. Exp.; DESS
from

Ardhi University (ARU), Dar es Salaam, Tanzania

under supervision of
Prof. Dr. Ing. Helmut F.O. Mueller

Dortmund, Janary 2009




DEDICATION

This work is dedicated my dear departed loved ones,
my mother Ma Domitilla Mukakurasi, my father Ta Wiim Kaiza Byabato,
and my sister Stella-Matutina Yakiilira
who did not live to see me finish it.

page |



ACKNOWLEDGEMENTS

| am greatly indebted to my supervisor, Prof. ig-IHelmut F.O. Mueller, for his multifaceted
support, notably academic guidance, material suppmre and patience, without which this
achievement would not have been reached. My ld#atitinks must also to Prof. Dr. Wolfgang
Willems, my co-supervisor. | am also greatly ingebto the different researchers, academic
institutions and authors whose work | have quoteckferred to in my work.

| also thank my colleagues at the Chair of Envirental Architecture, of Dortmund University

of Technology, notably Dr. Umit Esiyok, Dr. Fazidi-Aoudert, Joerg Schlenger, Oliver Klein,

Roswitha Piesch, Gudrun Mijalski, Andreas Prei3&ven Boetcher, Alexander Gutman and
Lisa for their invaluable support in many ways dgrithe accomplishment of this work. | am
also grateful to Annet Emembolu, Hacene Bengridal&th, Soylu, Eva, Anneke Bintig, Nina

Hartwig for their friendship and help at differémhes during the execution of this work.

| am also grateful to the whole administration afrtnund University of Technology, especially
the Faculty of Building for admitting me to thisnerable Institution and the International Office
(AAA) for their support in many ways throughout tvbole time of my studies here.

My thanks are also due to the administration ofhArfdniversity, and its predecessors Dar es
Salaam University and UCLAS for encouraging meridartake PhD studies and for their mate-
rial support to me and my family during the fulfiémt of this task.

My special thanks are due to my teachers and gplEsaat the AStA Language School and the
Languages CentdSprachenzentrum)f Dortmund University of Technology, from whosa-p
tient effort | managed to acquire the communicaskitis that were invaluable in the acquisition
of the knowledge | gained in this country.

My personal friends in Germany deserve special imennotably Sigi Stange of Erneuerbare
Energien Eichlinghofen e.V and his family, Dr Jesen and his family, who introduced me to
them, Ralf Maenhoefer and his family, Dieter Tillmand his family, Brita and Frank Hage-
meister, Prof. Martin and Mrs Adelheide Geck, Dus¥fu Kyeyune and his family, Dr. Adreas
Breuer and his family, Cliff Mugenyi, Justice Kamak Veye Tatah of Afrika Positive and Kili-
manjaro, her working teams and her kids, Vicky K&ara and her family, the East African and
Tanzanian community in Duisburg-Essen and lashim ltst but not least in value, my landlady
Frau Freia Moeller and her friends. They all supgggbme in many ways, socially and even ma-
terially and by inviting me to their houses andiabgatherings elsewhere, supported me psycho-
logically and comforted me through times of perdatifficulties, loneliness, homesickness, un-
certainty and near despair. In short, they intredume to the best side of life in this country.

| am also grateful to the church communities, esflgahe Maria Konigin Catholic Congrega-
tion and Evangelical Congregation of EichlinghofBrortmund, as well as the African Catholic
Community of Essen for their spiritual uplift angpport through all the ups and downs. May the
Almighty God multiply their blessings a thousanués more.

| am also grateful to the Dortmund Medical Commyiaibd do hereby request Dr Edmund Tis-
chler to convey my gratitude to all the medicalfpssionals and their workers with whom |
came into contact and who made their best to maimg health in good condition throughout
my stay here.

Last but not least, | thank all members of my fgmimhy wife, kids and other dependants, who
endured my absence for four years as | pursueavtbris.

page I



Nations both rich in energy and in energy technel®gre rare.
Today, Switzerland, Japan and Germany, absolutady pm en-
ergy sources inside their borders, belong to theltiwest na-
tions of the world. Energy technologies are [theref more im-
portant than energy raw materials. Energy policgriergy tech-
nology politics.

Carl-Jochen Winter (2006)
Senior Chairman,
Int-I Hydrogen Associaltion

l. ABSTRACT

This work is intended to be policy reference paperfor governments of tropical Developing
Countries aiming at stimulating interest in appima of Solar Electric systems i.e. or Photovol-
taics (PV), (either alone or in combination witthet energy resources) in rendering their ser-
vices to their people. It is a PhD research theesented at Dortmund University Germany. As
summarised in its titltApplication of Photovoltaics in Government Service in Rural Areas

of Tropical Developing Countries, with special conderation of East Africa and Tanzania

as a typical example”this work deals with analysis of the current pics and existing poten-
tials in the application of Solar Electric Systems, Photovoltaics (PV), in the provision of
Government services, especially in rural and diaathged periurban areas of Tropical Develop-
ing Countries, where conventional grid electriggyeither currently unavailable or erratic and,
therefore, unreliable. The major part of field stsdfor this work was conducted in Tanzania but
there are few case studies from other countriegedis It started at the end of 2004 end ended in
2008. In this research, we have been able to shat¥hotovoltaics (PV) either alonegtand-
alone or island PV system solutiondr in combination with other electric energy sasy-

brid PV systems) is not only possible but is also a viable wayuadviding electric energy for
Government Services provisionin tropical developing countries. The “other” dlec energy
resources combined with PV can include such renlesas wind, mini-hydro and biofuels such
as plant oil fromJatropha curcaseeds, other biodiesels and bioethanol that carsee either
alone or in combination with non renewable fosa#l§ such as ordinary diesel and petrol in
modified or standard internal combustion enginegptad to ordinary generators. It has been
shown that use of these methods can enhance apdfgiprovision and administration of Gov-
ernment services in some areas especially whets obgrid extension are not justified by the
existing electric energy demand, or other finaneiadl logistical considerations such as those
encountered in the running of a small power ger@ratnd distribution system in a remote area
running purely on diesel and/or other fossil fuaisne, where bulk fuel and lubricants procure-
ment, transport and storage as well as equipmemitenance, safety and security are associated
with special hurdles. Crowning all those considerst is the global necessity poeserve our
earthly environment by employing PV either alone or in combination twdther renewable
energy resources and energy efficiency measuraclaan development mechanism (CDM)
contributing to reduction in globareenhouse gas (GHG) emissionsyhile enhancing peo-
ple’s quality of life, by empowering their governmentsto be able to effectively and efficiently
guide and supervise their development towards sictyeat least thélillennium Development
Goals (MDG's) by providing them with the required governmentvems atminimal cost to
the environment
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Summary of Chapter 1: Presentation of the background to this work, keycepts
about developing countries, the tropics, governnsamvices and photovoltaics in
relatively general terms. Problem statement ablo@itenergy, especially the inade-
quacy of electricity supply in developing countri®sesentation of the energy situa-
tion in developing countries, available alternatioeelectricity provision and the hy-
pothesis that Photovoltaics technology is one #st twvays of provision of electricity
for high impact social areas such as provisionsseatial government services. Re-
search objectives are stated here as aiming tmweghe current state of government
services provision through providing evidence te éffect that a little input in form
of electric energy provision can have a big positmpact upon both the quality and
quantity of such services provided. This will imrtunform policy and direct practice
of their provision. Expected results of this work also stated in this chapter

1. INTRODUCTION

1.1. The energy picture in Africa, East Africa and Tanzania

Utilisation of energy is a basic requirement fovelepment of an individual person, an industry,
a government or a nation in general. There are mayg of looking at energy and its consump-
tion. However, as relates to technological develepinthe most important classification is that
of commercial and non commercial forms of energywhich most of the energy utilised by
underdeveloped tropical African countries is thieela i.e. non-commercial energy. This group
includes mainly primitive unprocessed and /or sprocessed forms of biomass such as fire-
wood and charcoal. This means the underdevelopeldi \aod especially Africa, (Tanzania in-
cluded) is a very low consumer of commercial enagggtive to other regions and this, in the
opinion this author, is one of the reasons for udeleclopment or its major manifestation.

The world energy consumption picture is summarizedhis quotation from thd=nvironic
Foundation International (EFI):

Of the 6 billion people living in the world, theese still 2 billion people (or 1/3 of the world’s
population) who lack access to commercial energystrof whom live in severe poverty. At the
same time, in the period between 1992 - 1999, tetald consumption of commercial primary
energy increased by almost 10% (Petroleum, coahatutal gas are the world’s major primary
energy sources; taken together hydroelectricitglear, solar and wind power meet a small per-
centage of energy needs). One reason for thisaseris the fact that developing countries’ share
of global commercial energy use increased to alfi0%t in 1998 as compared to only 13% in
1970. On a per capita basis, however, the incriegsemary energy use has not resulted in more
equitable access to energy services between imalirtd and developing countries. In Africa
per capita energy use barely increased in the 188@semains at less than 10% of average per
capita use in North America. Regional energy usevisn more inequitable when viewed in
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terms of per capita electricity use. In the leasteoped countries, 83 kilowatt-hours per capita
are consumed while in European countries 8,035#¢ato hours per capita are consum¢dFI
2006)

At present, most of the energy used in Tanzaniau@®0%) is in form of primitively processed
biomass mainly firewood and charcoal, used priflyigar domestic purposes and some ele-
ments of mainly un-mechanised rural industry sutraditional salt preparation and burnt-brick
production for building construction purposes etc.

Electricty, 1.5, %—

Coal, solar, and -
E Biomass
wind, <= 1.0,% )
Oil and Gas, | = Oil an_d Gas ’
7.5% O Electricly Others 4%
\ 0O Coal, solar, and wind Household )
II )21% Transpori
)40%{

| Agriculture

Biomass, 90%

M 1%

Fig. 1.1: Energy Sources & Petroleum Use Pattern ifanzania by 200§ Mwihava 2008)

After biomass, fossil fuels, mostly liquid petroteyproducts and lately, to a smaller extent, natu-
ral gas, comprise the main commercial energy ssuielranzania. Petroleum products, mainly
petrol and diesel are used mainly for mechanicahsport and electric power generation,
whereas kerosene is used directly for lighting hedt generation mainly for cooking and, to a
lesser extent, in running of absorption cycle gerators, which are used principally for medical
purposes, especially vaccine storage in the onggeciiid immunisation programs. To underline
the importance of kerosene in lighting, the namekirosene in many local languages can be
literally translated as “lamp oil” (e.gnfafuta ya taa”in Kiswabhili or “amajuta g’etara”in Ru-
haya).

This grim energy picture is true not only for Tan@abut is typical of Sub-Saharan Africa, with
the “statistical exception” of South Africa. Therphe “statistical exception” is used to denote
the fact that the South African energy picturekisveed by its relatively strong industrial base,
but quite unfortunately, because of the Apartheghty, most of the people of South Africa do
not live very differently from the rest of Africayhen one considers their domestic energy con-
sumption pattern.

Table 1.1: Comparison current status and future oBiomass co-generation potential in
East African countries (Mwihava, 2008)

Country Populatio | Electricity Electricity from Potential for
n (mil.) Installed biomass biomass
capacity cogeneration cogeneration
(MW) (MW) (MW)
Uganda 30.3 37 14 190
Tanzania | 394 1.162 356 | 6(0)
Ken}ﬁd 36.4 1.200 36.5 134
Rwanda 9.9 <40 ? 9
Burundi 8.4 <50 ? 7
Total 124.4 3579 >85.5 > 484
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Fig. 1.2: Actual and potential source areas for mogkn commercial bio fuels in Tanzania
(Mwihava 2008)

If development is to come, or if the United Natidvidlennium Development Goals (MDGS)

are to be attained, then a refocus on energy andtilization pattern must be made. More elec-
tricity instead of raw or semi-processed biomass teabe used. One of the resources readily
available to be exploited for electricity generatia tropical Africa is the Sun, i.e. Solar Energy,
either directly through photovoltaics as well aghhiand low-temperature solar thermal systems,
or indirectly through energy plants eJgtropha curcaswind, mini-hydro or any combination of
them.

1.2. Electricity generation and utilisation

Of all forms of energy, electricity occupies a spkplace as a key tool for industrial develop-
ment of modern nations and societies. It is a fonegunderstanding that modern governments
need electricity for their effective function inndgering their services to their citizens. In most
cases, electricity is conventionally generated &tva centralised generating stations often far
away from the user, and must then be modified,strarted and distributed to where it is re-
quired for use. In Tanzania, for example, about i%enerated from large scale Hydropower
stations, such as Kidatu, Mtera, Hale, Pangani,niyaiya Mungu, with most of the remaining
coming mainly from isolated diesel generating stagi The power station at Kiwira Coal Mines
is the only coal fired power station in Tanzanialléwing commencement of exploitation of
local natural gas reserves in more recent times, gas turbines located at Ubungo in Dar es
Salaam, have been added to the national power affégnzania. Major conventional electricity
generation, and all electric power transmission distribution in Tanzania is currently run by
the Tanzania Electric Supply company (TANESCO),chhs still a state monopoly utility com-
pany although plans are currently under way tow#sdprivatization probably after its unbun-
dling into separate generation, transmission asttibution companies. The Kiwira power sta-
tion supplies its surplus power to the Kyela anckuyw towns through power sales to
TANESCO. Currently, the only sizeable private comered power generation business is the
Independent Power (Tanzania) Limited (IPTL) whi@ngrates power from Wartsila medium to
high speed diesel generators but also suppliegoader it generates to TANESCO through a
controversial power sales contract.
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Installed Effective

capacity MW Capacity MW

Hydro: Miera 80.0 30.0
Kidaiu 204.0 204.0
Nyuwmba ya Mungu 8.0 8.0
Hale 210 17.0
Pangani Falls 68.0 66.0
Lower Kihansi 1800 180.0
Total hvdro 561.0 355.0
Thermal: Ubungo Diesels 26.5 10.0
Gas Turbines 120.0 112.5
Remote diesels 55.5 53
Total thermal 202.0 147.8
Total Sysiem T63.0 702.8

220kV 300 1.847 2.658
132kV 821 1.160 1.420
66 kV 136 136 378
33kV n/a 3.136 5.500
1 kV n/a 2,720 3.218
Total >1257 | 8999 12,934
Generation additions Transmission line addition
Ubuango CT unit 5 Ji} 2 [Kinyverza - Facton fone 132 |7 2N
Comwversion of Tepeta dizsels - 264 |Iningga - Singida - Amisha r L T L
Qil=fired combastion i il 2 [Miem - Singida = Amicha JMh Q663 2000
Kimverea CT Bk 2e: [ Shimcang = Maanea | 139 2014
Lamnhza i reonechar HH 20y [Rulasdy - Mulids - Baleis M HHD M2
Fenbasdi by dropeora e 148 200 [Rulbaxdyi - Bilansi s 150 ]2
Comversion of oil-lired CT - 2006 [kickain - Moaopero - Uibango el U 1] e
Bchuchums coal-lNred plant 2H 2003 [Mghuchiong - BMufindi JMy )IE3 JI0E
Mchuchuman cood=lired plani 1] ) Rumaknli = Mbevn Ll ] i | 1K
Rumakali Indimopower X122 2023 Fumakali - Mulind | 134 | 1
Combusing lurbane il 20260 |Mehuchuma - Mulindi M IR i | B 1

Fig. 1.3: Tanzanian conventional power generatiordevelopment and prospects by 2002
(Photo: Mtera Dam on the Ruaha river in South Cental Tanzania) (Mohammed Saleh
2002)

The generated power is then transmitted to majgragntres over a high voltage transmission
system for local distribution. This involves cosbsth fixed and variable (i.e. dependent on
amount utilised) as well as many uncertainties ddjmg on the vagaries of the weather. For
example, since the early 1990’s, almost each year, fianzania has been experiencing several
months each year, of power shortages due to icgefdti water levels in the power generation
dams as a result of ever more severe draughtseTpmser shortages have been necessitating
blackouts and power rationing for several monthehegear with great loses in every sphere of
the already weak national economy, including gowent services provision in the few areas
where power dependent facilities are already ircgldhe year 2006 had the worst experience
with power rationing that lasted from February tecBmber and that had been extended to hav-
ing no electricity in all places for over 12 hoyer day (most of it during daytime) everyday of
the week for over 5 months. According @nuri (2006),by February 2006, hydro electricity
generated in Tanzania had dropped to 50.5 MW fimenoriginal 561.0 MW installed capacity.
The Mtera reservoir which, under normal conditidvedd about 80% of Tanzania's water re-
serves designated for hydropower generation, wasdaw level of 687.42m above sea level in-
stead of the normal 690m and was not expected!topfiduring the then expected “long rains
season’(Masika), supposed to end in May 2006. Indeed, as repongeldidwambo (2006)by
May 2006 the situation had not improved and wasnagat expected to improve because the
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rain that fed seasonal rivers that normally fed Ruaha river, were observed to be failing and
the Ruaha was still dry even during the rainy seaRoiaha river is the source of the Mtera Dam
and a main tributary to the Rufiji river. To makatters worse, a breakdown in one of SONGAS
transformers, forced Tanzania’s TANESCO had todase the power cuts (politely called power
rationing) from 8.5 hours to 11.0 hours per dayeSéhproblems associated with total reliance on
water for power supply, are explained by the depand of available water for Hydro Electric
Power (HEP) stations on precipitation, as the diagbelow indicates. The diagram shows that
water for HEP is only a small part of the 15% of@pitated water, where the great bulk of it
(approx. 79%) goes back to the atmosphere throughcetranspiration. The diagram produced
by the Stockholm Energy Institute (SEI) was qudigdihlenius (2006)n connection with wa-
ter supply for Nigeria, but it serves as a goodngXa for many tropical countries with similar
conditions, including Tanzania and the East Afrioagion in general.

Evapotranspiration

——— 2% Water bodies

—— 3% Wetlands

b 1% Arid, shrub and barren lands
—— 3% Forests

—— B5% Savannas and grassiands
—— 7% Croplands

Evapotranspiration

5%
Irrigation

Green water

Precipitation

Water flow for potential
socletal use

15%

6% Environmental water flow

Downstream

Source: Stockholm Environment Institute, Sustainabie Pattrways fo Attain the Miienmium Development Goals
Assessing ihe Key Role of Waler, Energy and Sanitation. 2005,

Fig. 1.4: Proportion of available water resourcesised in power generation

In addition to the foregoing, quite unfortunatdigwever, conventionally generated electricity is
not available everywhere in tropical developing rdoies and prospects for realising this are
made even more difficult by the fact of current coencialisation of electricity supply where
investment is controlled by the profit motive. TradkiTanzania as a typical example of a tropical
developing country, a recent project paper for @ebal Environment Fund (GEF) put the
percentage of Tanzanian Population connected tiriglenains grid at less than 10% nationally
and at only 1% in rural areas where about 75% efTtanzanian population lives. Under such
conditions, without adequate electric energy supplyvernments, both central/national and
local, or their executive agents, find it diffictitt render their services to the public, becausg th
cannot use modern tools in performing their funtioBecause of this, third world governments
seem ineffective or at best very slow in rendethejr services to the public.

As presented iMeena (2003)the environmental argument in building the casePid is weak
when considering only green house gas emissiongig part of the world. Most of the
greenhouse gases in East Africa do not come frowepgeneration, but from “other energy”
mainly transport and other industrial and domesse. However, this pattern is bound to change
as more and more people get access to conventileatricity. At this stage of their
technological development, the main argument forfPWopical developing countries, including
East Africa and Tanzania in particular, is maintpomic.

page 1-5



1.3. Keywords and Concepts

1.3.1.Photovoltaics (PV)

Photovoltaicsis the art, science and technology of obtainingtateenergy directly from light.
This is usually achieved by shining light onto gella(or set of layers) of specially prepared light
sensitive material which is wired to detect thigrgly and/or incorporated into an electric circuit
enabling utilisation of this energy. The sun beifg main source of light, the practical
application of the science of photovoltaics is engrate usable electricity from sunlight. As a
result, we get the terms, Solar Electricity, S@#&ectric Technology, Solar Photovoltaics (Solar
PV). Nowadays, in most usages, people simply usddim “Photovoltaics” or “PV” to denote
“Solar Photovoltaics”. In some cases some peopéethe term “Solar” or “Solar Energy” to
denote “Solar Photovoltaics”, however, it is import to note here, that the conceptsofar
energy is much broader than photovoltaics as there areraways of getting useable energy
from the sun’s radiation. Some of this energy méso ébe converted to electricity using
conventional principles in solar-thermal power pgarAs photovoltaics is the main concern of
this thesis, a more detailed treatment of this ephcomes later on in this thesis.

1.3.2.The Tropics and Tropical Countries

From our basic Geography we know thhe tropics, (Tropic of Cancer and Tropic of
Capricorn), are latitude lines 23.5 degrees to the North Sodth of the Equator respectively,
representing the Northernmost and the Southernareas where the sun may shine overhead at
noon, for a certain time in a year. All locationsBarth in between these two lines, including the
Equator, are collectively called “Tropical Areas” also “The Tropics”. In climatically terms,
the term “Tropical areas” includes areas slightlydnd the tropic lines as indicated by
Ssengooba-Kasule (2008n the map (Fig. 1.5) shown hereunder. For theoqee of this
treatise, we take the latter meaning.

%#fj“**“é*f‘”%é@ Hrre ; p R ‘1

1o T L] ARIE |_ ﬂﬂﬂ!ﬂl_l_: L

TROPIC AL

[
o
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ARTAFCTICDNCLE |"|- 1} [ e R

Fig. 1.5: Tropical countrles(Ssengooba-KasuIe2003)

The countries in this area are thus called “Trdpi@auntries”. From the Solar Energy point of
view, they are characterised by the following fasto

1. Specialsolar geometrywith the solar path nearly always through zkeith.

2. A seasonasolar declination rangespanningooth North and South orientation, as distinct
to the situation in temperate lands where the afjhodeclination angles vary annually but
orientation remains fixed only in one directionwtrds the equator, i.e. either South (for
Northern Temperate Zones of Eurasia and North Asagor North (for Southern Temperate
Zones, e.g. Australia, New Zealand, or southera tipthe African and South American
continents).

3. Relativelyhigh solar Radiation intensitiescompared to similar values in temperate zones at
most times due to the special Tropical Solar Gepmetlicated in (1) above.
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An almost annuallygonstant daytime duration (approx. 12 hours) which is always almost

fairly equal to night time, i.e. equal division ixeten daytime and night time with 12 hours
each, as distinct to the situation in temperateegowith large seasonal fluctuations in
daytime duration (c.f. Dar es salaam: Daytime domafl2-12:30 h/day all year round vs.
Dortmund: Daytime duration: 6 h/day in Winter- 1@y in summer).

No o

A narrow annual temperature rangeat any given place.
A similarly narrow daily temperature range at the same places.
Humidity based annual climatic seasonal regimevet (rainy) season— dry season — wet

(rainy) season dry season rather thaenaperature basedone experienced in the temperate
climates i.e. winter-spring-summer-autumn.
These parameters are summarised in Table 1.2 gnd.Bi

Table 1.2: Solar and Environmental Parameter Compaison between Tropical and
Temperate Zones, (using Dar es Salaam and Dortmuraities as typical

Parameter examples) Tropical Zone Temperature Zone
e.g. Dare es Salaam, 6°S e.g. Dortmund, 51.31°N
Solar path Near Zenith path Never through thetheni

Solar declination

North to South

Seasonal declination
orientation variation from

Seasonal variations in the maximum angle
Solar declination in a constant orientation
towards the equator (South)

Df

Solar Radiation Intensity 1773 kWh/m? a 1050 kWhaém?
Daytime duration Narrow Range Wide range
12h/day (+/-30 min.)
Temperature Range (Annual Narrow Wide
+20°C -20°C (Winter)
+30°C +30°C (Summer)
Temperature range (daily) Narrow Narrow
+20
Seasonal variation basis Humidity based Temperature based
(Wet-dry) (Hot-cold)

Table 1.3: Comparison solar radiation data for cites in tropical and temperate zones using
examples of Dar es Salaam and Dortmund respectivel{Source: METEONORM 5.0)

Solar Radiation Data for Dar es Salaam Solar Radiation Data for Dortmund
(Horizontal) (Horizontal)
Month Mean Mean
air Diffuse Direct Global air Diffuse Direct Global
temp radiation radiation | radiation |temp radiation | radiation radiation
Ta H_Dh Bh H_Gh Ta H_Dh Bh H_Gh
[C] [KWh /m2] | [kWh/m?] |[KWh/m2] |[CT] [kWh/m?] | [KWh/m?2] | [KWh / m?2]
Jan 27,8 89 69 158 2 14 5 19
Feb 28,3 83 64 146 2,8 25 12 37
Mar 27,8 83 62 146 5,7 41 22 63
Apr 26,7 77 42 118 9,5 64 43 107
May 25,6 72 65 136 13,7 84 57 141
Jun 24,4 65 66 131 16,9 91 42 134
Jul 23,9 65 73 138 18,4 93 51 144
Aug 23,9 81 68 149 18,3 81 41 122
Sep 24,4 75 73 148 15,4 49 29 78
Oct 25,6 89 75 164 11,2 35 15 51
Nov 26,7 84 89 173 6,2 18 6 24
Dec 27,8 83 81 164 3,3 11 4 14
Year 26,1 945 826 1771 10,3 606 328 932
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Dar es Salaam, Tanzania Dortmund, Germany,
a city in the Tropical Zone, 6° S a city in the Temperate Zone, 51.3° N

Stereographic Diagram . N . Stereographic Diagram
Localion: DAR E5 SALAAM, TANZAHIA &9 B Locatior: DORTMUND WILKEDE. ...

ANY

Fig. 1.6: Solar path diagrams showing typical distictions between tropical and temperate
zones.(once again Dar es Salaam and Dortmund as iyal examples)

1.3.3.Microclimates in the tropics

Of course these “typical’ characteristics may difimm location to location. They are usually
modified by othegeographical factorssuch as elevation, topography, exact locationipriby

to big water masses, local geology. These in tuay mesult into special meteorological
conditions such as Cloud cover, Prevailing WindsjnRill (duration, spread and intensity)
which may further modify the “Solar Picture” of avegn locality. In recent times some

anthropogenic factors have also come into playthelocal climate of a place may be modified
by the human activity around that place. Humanvagtiin turn, is related to population density,
size and other demographic, economic and geo-gallifactors. It now matters climatically,

(especially in ambient temperature terms) whethplaee is in a big city, small town or out in

the countryside (rural area). Industrial activishich is currently not very big in the tropics, may
further complicate this picture. Industrial actwill further be examined further-on in the sub-
heading characterising “Developing Countries”.

1.3.4. Tanzania as an example of tropical country.

The influence of all the above named factors afteated in the climate of Tanzania as described
hereunder and illustrated in table 1.3 the summéa@verage monthly temperature maxima and
minima of some locations in Tanzania, in selecteg konths, as presented by the Tanzania
business directory (2004)]

Table 1.3: Mean monthly maxima & minima of temperatires in some locations in
Tanzania (in degrees Celsius)

CITY JANUARY APRIL JULY OCTOBER
Max. Min. Max. Min. Max. Min. Max. Min.
D’Salaam 31.5 23.2 30.7 22.4 28.8 28.8 31,9 31.9
Arusha 28.1 13.7 25.2 16.2 21.8 21.8 272 27.2
Bukoba 26.3 16.1 25.8 16.9 25.4 25.4 26.2 26.2
Dodoma 26.3 16 25.8 17.0 25.4 25.4 26.2 26.2
Mbeya 23.2 13.5 23.1 12.1 21.7 21.7 26.8 26.8

“Source: http://www.tanzania-online.gov.uk/Businkasinessdirecto_/countryprofile/countryprofile.hutithate
(Part of the official website of the Tanzania Hgbmmission in the UK & Ireland, London).
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Climate:

As stated before, Tanzania’s climate and vegetatidtuenced by humidity, varies with geo-
graphical zones. We thus have tropical on the coedsere it is hot and humid (rainy season
March-May): semi-temperate in the mountains (witle tShort RaingVuli) in November-
December and the Long Rai(idasika)in February -May): and drigKiangazi)in the plateau
region with seasonal variations in temperatureh(witropical context). Total rainfall increases
towards the north around lake Victoria. Rainfallusll distributed throughout the year reaching
peak during the period of March and May. As a rfestanzania is divided into local sub-
climatic zones as follows: Lush tropical at the sto&orest and woodland covered 46% of the
land in 1990 (a reduction of almost 6% by 19931)the previous 35 years, coverage decreased
by an average 0.3% p.a. The rest of the countrgrtdpm urban areas is savannah and bush.
Engelhard (1994%alls them eco-climatic zones as shown Fig.1.& slightly different names,
but essentially the same.

forigsee:
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Kartographie: J.Taufmonn “ MO(;A,V\BiQUE
Zone Klima ' Quelie: PRATT/GWYNNE 1977, 8. 7
- i Afro-alpine
- i Humid bis subhumid, Feuchtigkeitsindex nicht weniger als -10

i Subhumid bis semi-arid, Feuchtigkeitsindex -10 bis -30

L Y Semi-arid, Feuchtigkeitsindex -30 bis -42
[ ] v Arid, Feuchtigkeitsindex -42 bis -51

Fig. 1.7: Eco-climatic zones of Tanzanig&Source: Engelhard (1994)
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Note: To illustrate the effect of humidity on tropicdinsate in general and local microclimates,
two cities Bukoba and Dodoma, showing similar terapges on table 1.3, belong to different
climatic regions on fig.1.7 with quite different getations because of differing humidity
regimes. In addition, humidity, cloud cover andnfail also affect local insolation data. The
solar radiation distribution in the region is showrfFig.1.8 and Fig.1.9 as presented by Hankins
(1995).
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Fig. 1.8: Solar Map of East Africa: contours show dily irradiation in “peak hours”/day
(kWh/m?/day) Source: Hankins (1995)
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Mean daily insolation by month in three African towns. The bar graph below compares
solar energy availability by month in Windhoek, Arusha and Harare

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 1.9: Monthly mean daily insolation for three dties (Arusha, Harare & Windhoek) in
the Eastern and Southern African region. Source: Hakins (1995)

From the foregoing map and bar chart we see tlatrthgeneral daily solar radiation in the
region ranges from 4.5 to 6.5 peak hours/day, k\B/m2/day -6.5 kWh/m2/day). From this
information for purposes of solar energy instadlasi calculations, (both generation and storage),
prudently conservative estimates of 4.5 kWh/m2/ey be taken, for fail-safe stand-alone PV
systems, with reasonably low energy storage capamibvisions. For PV-biodiesel hybrid
systems with correspondingly even lower energyagi@rcapacity, reasonable average estimates
of 5.5 kWh/m2/day may be taken because in this ¢heepower security role of energy
provision at moments of very high power demandritically low solar energy harvests is taken
over by the bio-diesel generator, as will be segerlin chapter 4.

1.3.5. The Concept of “Developing Countries”

The term“Developing Countries” is a polite (political?) term used to denbtiechnologically
Underdeveloped” countries, otherwise generally callethe third World” . These countries
are characterised by a number of Economic, SoaidlRolitical factors. Some of such factors
are as follows:

* Low industrialisation levels
* Low population densitiesat national level (with a few exceptions)

* High general and infamhorbidity andmortality rates

* Low Per Capita Electrical Energy demand and utiliséion
* Low actual and perceived per-capit@netary income

* Low monetary purchasing power of the people

NB. Here the word “monetary” is underlined becati$as a special significance. Money is used
in the “modern” world economic circles as a measafrevealth, or “richness” of a physical or
legal person (individual or organisation). In atttect, however, it may be misleading when
assessing the economic resources, and thergiorehasing power of some third world people,
most of whom live partly outside the world monetaygtem, for example many people in rural
Tanzania. Besides cash money (in pockets or bao&uats), these people have many other
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“cashable” resources such as crops and livestoichamay be used in lieu of cash and, in some
cases, to generate cash if and when these peopeahaecessity for purchase and if some ele-
ments of the economic infrastructure are modifi@gheérmit this. This issue has been discussed
by many people includingiwombeki (2005), Duodu (20Q5As observed during the recent
world-wide financial market crisis of 2008, Afriegand many other developing (read technologi-
cally underdeveloped or third-world) have not bgeavely affected by this crisis because they
operate mostly “outside” the world financial cirsle

1.3.6.Sub-Saharan African underdevelopment reality (in tditional terms)

In general Tropical Developing countries, espegittiose in Africa, which comprise what is
alternatively called Sub-Saharan Africa, have galhemworse development indicators when
compared to other regions of the world. Accordimy\Mtorld Bank sources, it is stated that

“... while peoples lifespan have been rising in tast of the world, those in sub-Saharan Africa
have been falling and the relative GDP remains’low.

The following figures, from the World Bank’s Regainfact Sheet from World Development
Indicators 2007 will help to illustrate the point:

Declining life spans in Sub Saharan Africa GODP relative growth rates
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Source: Waond Bank estimates

Fig. 1.7(a): statistical life expectancy data Fig. 1.7(b): Relative growth rates by regions
by regions

1.3.7.Sub-Saharan Africa’s Positive Trends

Despite this grim picture, however, all is not loShere are “rays of hope” if one pays the
necessary attention and offers a genuine “sust@naélping hand” to Africa, in terms of
genuine technology transferandgenuine inclusionin the world commercial system. In recent
years there has been a sustained growth in Domestiduct (GDP). According to th&orld
Bank (2007) for example, in 2005 Sub-Saharan Afric&BP grew at 5.7%thereby showing
growth rate above 5% for the second consecutiverygming. The figure hereunder graphically
illustrates this growth tendency.

owth i _ : In Sub-Saharan Africa, the quality of governance
GDF gr h in Sub-Saharan Africa is highest in Cape Verde and Tanzania for 2003

e CPLA pubilz sector managemesit and Instiutiens sxore (Range 1=iow o E=high)
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BOurce: Wond Bank, IDA (www.woridhank.org1da)

'I':ig. 1.8: Sub-Saharan Africa’s positive GDP Fig. 1.9: World bank estimates of
growth tendency in recent years Governance levels in sub-Saharan Africa
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As the case ofellular telephoneshas amply indicated, in fact many people in th#seeloping
countries are ready to (and usually do) pay higoemodern services and gadgets, than their
counterparts in developed industrialised countri€ar example, where a Tanzanian
schoolteacher buys a cellphone for cash amountirigsther monthly salary, his/her a German
counterpart gets a better one on favourable ctedfits renewed every two years.

1.3.8.The Solar nexus between “Tropical” and “Developing’countries

It is an observed (statistical) fact that mostha Developing Countries lie in the tropics, hence
the term “Tropical Developing Countries”. From thdropical location, theseTropical
Developing Countries occupy a privileged positiowonducive for utilisation of direct Solar
Energy, due to thespecial Solar Geometry experienced there which gives themgh
Insolation levelsalmost all the year round, in comparison to teraigelands. Tropical countries
experience about for 12 hour of daylight daily whin solar energy terms ranges between 4.5
and 7.0 peak sunshine hours (i.e. 4.5-7.0 k\¥hprar day. Because of this special advantage in
terms of potential for Solar Energy utilisation yhere, therefore, the best candidates for Solar
Energy projects. In addition to this, due to ecormand demographic factors characteristic of
technological underdevelopment cited above, Saterdy is for them currently one of the most
promising options for short-term and long-term aumstble energy supply even in economic
terms. The inadvertent direct advantage of teclyicéd underdevelopment is that there are no
conformity limitations to new development due teypous developments observed in the more
developed countries of Europe, America and Japanekample, the fact of already having an
extensive electricity supply network (Grid) of avgn standard voltage (220V, 50 Hz AC for
Europe and 110V 60 Hz for the US) limits manufaetsirof equipment to energy suppliers to
that voltage while in remote places without grichiwections, different options (e.g. DC networks
or different standard voltages) may be tried predithere is a technical or economic advantage
in their use. Of the various possible forms of s@aergy utilisation, Photovoltaics (PV) is of
special interest, either alone or in combinatiothvather electricity generation methods. Some
countries of South Asia e.g. India, have noticad ¢feographical fact and taken advantage of it
(Shukla & Misra, 2002)According toAman et al (2004Bangladesh has also taken serious steps

not far behind India. )
1.3.9.The concept of “Government Services”

In comparison with their counterparts in developeduntries, governments in most
underdeveloped countries are less effective out$idecapital cities, partly because of low or
lack of technological infrastructure or lack ofieint application of technological resources in
conducting their affairs. As stated earlier, thaation is much worse in sub-Saharan Africa. The
modern sub-Saharan African state is a relativebeme creation as a result of colonialism.
Although most countries in this world have expecisha form of colonialism in their histories,
but that was long ago and have since had timedganise themselves and to build powerful
state machineries directed by application of s@eaed technology, first for military purposes
but then later for general civilian applications vasll. Quite unfortunately, however, Africa
“missed the train” of technological developmentitiyaas a result of recent colonialism and has
so far failed to catch-up As background informationGovernment formation in Tanzania and
Tropical developing countries, one may refer Tiordoff (1967)and to Mawhood (1983)
respectively.Stewart (1977)has analysed the importance of Technology in deweénmt or
underdevelopment of “developing” countries. One wé&yooking at a country’s technological
development is by considering the degree of acok#s people to its Government services”,

a term that combines both and public services pamed hereunder.

a) State function: Here we mean those activities which can only edogpmed by a “govern-
ment” (central government, local government, odépartment or executive agency). Usually
these activities are in connection with the thraeris” of a classical “state”, namely the Ex-
ecutive, Legislative and Judiciary which enabl¢oit‘rule”. These functions usually, while
remaining sensitive to the concept of “cost of afien” cannot or should not be associated
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with any concept of “profit making”. Such activisi@nclude public administration, diplo-
macy, defence, and “internal affairs” or “law ande&r” keeping (i.e. policing and related ser-
vices), as well as legislation and justice admiatgin. Among other things, smooth “state”
function serves to create a good environment ftw frule” and (where applicable) promote
wellbeing and development of society and its ati@igias well as for the rendering of the pub-
lic services to the society itself.

b) Public Services These, are services that can be rendered eiyh@mgbvernment itself or any
other private organisation or agency for the bénefi general public, usually under
government supervision and/or regulation. (By thermt “private” we mean “non
governmental in its structure”. Such entities carcbmmercial or non-commercial, secular or
religious. By the term government supervision and/or regulatioi, we mean that the
government in its administrative capacity sets anipimum “standards of performanceé
which otherserviceproviders must meetor exceed, andees to it that they are followel
For private entities, in the rendering of such &y, in addition to the concept of “cost”,
“profit making” is also permitted depending on tmature” or “constitution” of the service
provider. Such services may include provision ddltieare, education, energy services and
public communication, including public transponibtic telecommunication and broadcasting
and more recently “podcasting” and data commurdoaservices. The importance of public
services is that under normal circumstances, theyige an economic base in terms of
personnel resources and infrastructure through twhicstate obtains resources to run its
function and provide for its citizens.

The degree of success with which the governmend gfiven county discharges its stately
function and directs delivery of essential publervices to its people reflects its quality of
governance In sub-saharan Africa, this quality of governansegenerally low, with most
countries scoring below 50% (i.e. scoring less tBam a World Bank scale of 1-6). According
to data from fact sheet of th&orld Bank (2007)already cited above, among African states,
Cape Verde performs best followed by Tanzania (Eig) However since overall score for each
country is still below 4. This calls for some measuto improve the situation. It is therefore
postulated in this work that provision technicataerces, mainly electricity will help the
governments in this task. As other factors do hireldension of provision of grid electricity
from conventional sources in all places, given dbendant insolation levels in these tropical
countries, Solar Energy in form of Photovoltaicteyss technology offers a way out.

In this research, therefore, we are dealing wigltestunction in which photovoltaics may play a
role either as a way of minimising costs or spegdip the provision of state services in question
as well as some aspects of public services. We Is&aosvn the impact of utilisation of
photovoltaics in the delivery of government sersjcboth instate function such as judicial
activities, security and village cohesion issuewal as some aspects jfiblic servicessuch as
public water supply, information transmission amte¢ommunication services, especially in
currently disadvantaged areas of tropical develpmountries with Tanzania as the main test
site. Special areas, namely healthcare, educatidrpablic administration have been singled out
and given deeper attention. It has been shownpth@tbvoltaics plays or has potential to play a
big role either as a way of minimising costs oregpeg up the provision of services in question
in comparison to other situations where grid povgeeither completely not available, or so
erratic that one usually delays in performing hes/power dependent activities or is bound to
look for supplementary power sources usually ataexbsts in addition to the ones already
incurred in obtaining connection to the erratic powrid.

Disadvantaged areas include remote rural areassam@& urban or periurban areas which are
currently off-grid. Such areas are especially vidbée and are, therefore, special candidates for
this form of electric energy supply because duth&r remoteness and low population density
(in case of rural areas) or low production actiity case of urban slums), extension of conven-
tional grid services to these areas is not comrakyariable. This is a special obstacle especially
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nowadays in the era of deregulation of energy sesvprovision. Although provision of State
function services is not supposed to be entangldd“profit making” it is a known fact that any
State, especially a cash-strapped Third World Sshteuld always be interested in providing its
services in the most cost-effective way. That iy wiany Third World states including Tanzania
usually provide their state functions better inamrlzentres with big enough population densities
and economic activity levels and seemingly “nedlélae outlying rural areas and most urban
slums. As a result, due to absence or inadequasyatf services, there tends to Benggration
siphon” that pulls more and more people from rural to noraeeas thus exacerbating the situa-
tion in both rural and urban areas, contributingpd@erty in rural areas through rural depopula-
tion and poverty in urban areas through faster sli@velopmentLack of adequate services
and the struggle of individuals to benefit from thelittle there is breeds crime, corruption

and other public viceswhich in turn overburden the State in provisionitsefadministrative and
judicial services. This situation, in turn seemsdeamonstrate inadequacy of Government ser-
vices including State function (legislation andulkedgory functions) as well as Public Services in
these areas. Installation of Photovoltaics (PV)hiese disadvantaged areas, either alone or to-
gether with other energy resources in hybrid systgmovides a way of powering provision of
the above mentioned Government Services more ¢esttieely than would be the case if the
existing inadequate electric energy distributioml gvere to be extended to reach all these areas,
thus enabling governments to tackle questions mafrignce, poverty, disease, crime and corrup-
tion more effectively.

1.4. Objectives of the research for this thesis
In general terms, objectives of a research caubmarised by the following statement:

“Research aims to improve outcomes and servicesigihr providing evidence to inform policy,
to direct practice and to develop products” whglairephrasing of the opening statement on the
website of the Aravind Research CenfeThis definition may seem narrow in general tebus

in the context of this thesis is very interestivigth this in mind the objectives of this particular
research can be summarised as follows as beingnmwmistrate the actual and potential role of
PV application in, and its impact on governmenviees provision in any tropical developing
countries using Tanzania as a typical example. Sakices are usually provided through
activities and function through its various minissrand their respective lower instances or under
their supervision. A related aim is to determine tble of the government in promoting PV in
these applications. These particular objectivedwatker subdivided into the following:

* To help in the administration of government sersjceupport and rule in tropical
developing countries, using modern technology pedeby electricity, of which
photovoltaics, either alone or in combination widther energy sources, is a useful

. ?J(t)ea%?é'?’r%ine and demonstrate the applicabilityhadtpvoltaic technology as a means of
providing electric energy for government servicdivéey in currently non-electrified
human settlements in tropical developing countries.

* To establish the conditions necessary for appbicatf each type of PV installation of
application and limitations to wide spread useheftechnology will be examined.

» To determine what measures have been, are actbalhg, or can be taken by a
government, in order to achieve widespread use\WiirPits activities. These are the
actual and potential role of the government.

* To make life easier for rural communities in tr@dideveloping countries through easier
access to PV powered government services whichdvotllerwise not be available to
them.

® http://www.aravind.org/research2007/index.asp
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* To enhance people’s ability to use PV to run gdrdeaactivities, obtain improved so-
cial and community services as well as conduct ceroral activities.

1.5. Expected results (direct outcomes) and potential ipacts of the research

This research project once done and successfulhplsied was expected to have a number of
results and impacts divided into three major groupsect results or academic outcomes,
indirect results or short term social outcomes adothe research area and finally longer term
impacts at a larger scale.

1.5.1. Formal Academic Results

These are, by definition, results that the researcfas well as supervisors and research
authorities i.e. both Universities of origin angearch venue), wanted to achieve by the end of
the duration of the project. They may otherwisechbed Formal academic outcomes of this

research and are enumerated hereunder

* The main direct outcome of this research projedi lvg information about the energy
demand and the current state of photovoltaic tddgyoapplication in government
service provision in the countries under reseafoh,this case Tanzania and other
countries for comparison).

* Proposals and recommendations for application ofifP§overnment services provision
will be put forward enumerating, among other thirthe different roles of various actual
and potential players, including various governnrairtistries and agencies, donors and
the private sector.

» Typical technical solutions for a decentralisedcele energy supply for delivery of
government services including building integratianll be recommended. Hybrid
systems with PV utilisation are developed for tgbidemand scenarios taking into
account building integrated systems.

» The actual role of the government in promoting BP¥lecation for its own function has
been analysed, some gaps have been identified saltgpare put forward.

» Last but not least, suggestions for further researe also an item in the results list from
this research.

1.5.2.Indirect results/outcomes (Social Capacity-BuildingResults)

These ones are those results that occur as a 8o the activity i.e. of there having been
this particular research, though they might noteh&een the main aim of the research as
originally intended.

* The information generated during the research, wihtribute towards a greater
understanding of the actual and potential impaattbization of PV and other RETSs in
Government services provision activities in tropaveloping countries in general, Su-
Saharan Africa, the East African sub-region andzaara in particular.

o This work will stimulate further action of incorgion of PV and other RETs in
Government service provision as well as in dailg hctivities by various members of
society and other stakeholders.

o Utilization of Information and Communication Techogy (ICT) will make a quantum
leap into remote areas, where without PV power suppuld be a bottleneck to ICT
development.

» Based on findings of this research more researtfisrfield will be made possible.
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1.5.3. Impacts of this research

+ Government decision makerswill find this thesis an authentic source of imf@tion on
which to base their decisions when it comes toctiele of energy sources for their
activities.

 The results of this research will contribute tovganmprovement of provision of
Government services such aseducation, healthcare and public administration.
Workers in thejudicial services and law enforcementalso stand to benefit through
enhanced use PV-powered ICT and the possibiligxténded their working time beyond
sunset with PV powered lighting, especially in faeeas as well as in many urban and
semi-urban centres in third world countries tha& eurrently not adequately electrified.
The resultant speed of implementation of activitigdl contribute towards further
reduction of temptation for corrupt practices.

* This thesis will serve as aid for quantifying etexty demand for typical public
facilities, dimensioning of technical plant andazdhtion of the necessary energy budget.

* The impact of electrification of government sergigeovision through PV (both stand-
alone and in hybrid systems) government function especially in rural areas, which
was so far not so well-known, has been highligleithis thesis. PV serves as a safe and
sustainable energy supply for such areas.

* This thesis will serve as a source of practicalaitetfor development obuilding
integrated (BIPV), for tropical countries. Althougfiee standing PVremains an option
of in PV deployment, from this author’s experienbes option is associated with many
security problems in Africa. It is, therefore, mi&alt with in this thesis.

* Depending on power demand and its pattern at acpkat location, PV may be used
either alone ftand alonePV system$ or in combination with other energy resources
(hybrid PV systems.

Needless to say policing work will be greatly imyed if all outlying police stations and police
posts could be powered through PV. Ablice communication and record keepingwill be
greatly improvedBoarder posts such as Horohoro, Namanga, Sirari, Mutukula, Tuma and
Kasumulu, just to mention a few in the case of Bae, are all in remote places and usually
manned by a few personnel and their families liviimgre. Power supply to such remote places,
by grid extension or using or small generators mgpon fossil fuels is usually expensive and
often not done except in very special circumstanEdsctric energy supply to such important
government posts through PV may help in combatihgrass-boarder illegal activities such as
drugs and arms trafficking thereby rendering maredibility to the notion of “government
presence” in such remote places.

The effect of PV ordefenceefficiency cannot be overemphasised. PV will bedusepowering

all military communication especially in field catidns. Disaster response or appropriate
action or other fast moving conditions where qugek-up of operations is required can be greatly
and affordably enhanced by quick installation of 8xtems in areas where fuel delivery for
operation of conventional generating sets woulgoblematic. Use of PV, frees some valuable
capacity in the supply chain where fuels and otteavy power generators may be brought to
site at a later time (or not at all), after initddployment of PV facilities, thereby improving on
effective reaction time

The impact of PV omducationis that,studentsandteachersespecially irhome environments
after schoolwill have more study or preparation time using IR¥ting. In addition PV powered
ICT will improve educational material sourcing. Asesult they will be able to gain or to impart
more knowledge that will empower the learners tibebeope with their difficult life in develop-
ing countries. At school, especially the newly depag rural secondary schoolsn Tanzania,
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for example, PV application enables set-up andafiseodern teaching/learning facilities, such

as computers, beamers, projectors, and multimediaell as experimental gadgets for science
instruction. Without electricity, it would not b@gsible to use such facilities. In addition, remote
study (officially known asDistant Learning” ) will also be made possible through PV powered
ICT tools such as computer networks and the Intemglaces where they would have otherwise
been difficult if not impossible to find and/or tise.

In boarding schools a move from kerosene lamps to PV lamps for righting will contribute
towards reduction of fire hazards usually assodiatdgth petroleum burning appliances
especially kerosene lamps. A quite sad case examghds aspect, is the burning to death of
about 40 teenage schoolgirls at Shauritanga Seppr8ehool in Moshi Rural District of
Tanzania, as a result of a dormitory in which thare sleeping catching fire from a kerosene
lamp used for night illumination there.

Fig. 1.10:A move from tradi- Fig. 1.11: Towards a better and affordable PV

tional kerosene lamps used in - 4 ered lighting alternatives
Tanzania

This move from kerosene to PV lighting, will alseduce carbon emissions from the kerosene
lamps, which although seem small per lamp, but whennumber of lamps in use throughout
the region is considered, then the carbon emisseahsction is considerable. In fact, this move
can generate positive monetary gains from carbaairtig according to th&yoto protocol if

one cares to apply to approprié@arbon Markets”.

The use of PV in delivery ahedical servicesn rural areas is well documented, especially the
cold chain system necessary in many mamsunisation programs. For the moment, at least, it
is aspects afelemedicinethat still have a lot of ground to cover. In thegyard, new possibilities
are being provided by affordable PV powered ICTliggpon in medical technology. A case on
PV powered telemedicine in South America is remgbltgMartinez et al (2004)Although many
reported studies on this issue are about Latin Ataeand the CaribbeafRodriguez at al
(1998) the information is still valid and can be usefslraference for similar projects in Tropi-
cal Africa. In proposing such activities one hasdotend with resistance not only from the “ig-
norant and illiterate” local populations but alsomh some “qualified” professionals and officials
of all kinds who need some sensitization and detnatisn of innovative approaches and new
technologies. Dr. Hellen Einterez, for example, vdays she has worked in remote areas in
North Cameroon, in one of her submissions to thea@man Medical Association Journal
(CMAJ), lists a litany of problems that she thimksst be solved first before one may even think
of telemedicine for Africa. However, she fails tees the opportunities by PV in powering not
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only telemedicine, but also the water supply andcaton problems that are at the root of the
problems she is presenting as obstacfs. [

As for the general public, the ability of peopleuse PV and, therefore, a move away from fossil
fuels for lighting, especially in rural areas (aslwas in unelectrified urban and semi-urban
centres) will have a profound impact on their lif@r example, it would save the people from
bad health due to inhalation of kerosene fumesdNes to repeat is the carbon saving which
will occur as a result of a dramatic switch fromadinkerosene fuelled lamps to PV lamps is
considerable when looked at, at national and cental scales. The impact of PV powered ICT
facilities on rural public life, from running of raple cell-phones based telecommunications
services, (phones themselves and their transmissitgnnae towers), through Radio and TV
broadcast reception to rural Internet Cafes cahaatveremphasised.

In conclusion, this research, therefore, encouragjestrification and speed-up of public
administration services and judicial systems egflgcin relation to remote areas in tropical
developing countries the world over. All low powegplications such as lighting, Information
and communication technology (ICT), domestic anddica refrigeration, diagnostics and
administration as well as some aspects of educattand to benefit through PV utilisation.

1.6. Research methodology

» Examination of documents in various libraries andioe has been quite helpful. Many
papers, books, web-pages and other electronic demisnare shown throughout the text
and their details are then summarised in apprapappendices at the end of this thesis

» Selection of a single Tropical Developing Countiype used as a typical example. In this
case Tanzania was selected because it was besnhkioothe author, was more easily
accessible and data could be best accessed byttia.a

* Review of a Government set up, using the TanzaBGievernment as a typical example,
with intention to establish two important points:

o What role can PV play in facilitating the daily adies of each government
ministry in rendering its services to the peopleeitve?

o What measures can be taken by particular governmmmistries to enhance
greater utilisation of PV in the country?

* This task has been accomplished by examination fartier analysis of available
published statistical and other data, mainly froeinZania, but in some cases some
examples have been taken from outside Tanzaniakhs w

» Case studies: Personal study of some cases in @sti® Tanzania in which PV has
been/is being used to renders services simildrea@xpected government services.

» Site visits and attendance of exhibitions and acamees has proved to be a valuable
source of both academic and industrial informatiwat has been utilised in this thesis.

» Calculation of energy demand in a few sample typs=avice facilities (e.g. school
Hospital and Public administration buildings) aedesign of the same incorporating PV
has been carried out.

» Development of implementation strategies on diated local or national level, includ-
ing financing models.

® http://www.cmaj.ca/cgi/content/full/165/6/780
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Summary of Chapter 2. Theoretical Discourse: Presentation of theoretical
background to solar energy, especially PV and pglieations, especially in
buildings. Specificities of solar energy and PV East Africa are also presented. A
few examples of PV installations currently in ugesome private organisations and
individuals in Tanzania are given.

2. STATE OF THE ART and LITERATURE REVIEW

2.1. The Energy question in Tropical Developing Countris

The living pattern of the people in these rurabaref developing countries is usually dispersed.
People live in small dispersed clusters calledag#is, withlow present day electric energy
demand, low levels of energy and communication infrastioe both in bulk and density, low
industrialisation levels etc. This situation is Ina#scribed byKoenigsberger et al. (1973n the
foreword of theirManual of Tropical Building. Part 1, Climatic Design”. From the point of
view of an investor in traditional convention@entralised Electric Energy Generation,the
above named situation in rural areas of tropicalettging countries puts them in a difficult
economic position as no sensible capitalist/inweslaven byreturns on investment would
put their money in energy provision to such peapte regions. On the other hand, from the
Distributed Electric Energy Generation point of view, this situation offers to these tic
countries, a unique economic position tdgilisation of Solar Energy and other Renewable
Energy resources(most f which are also indirect variants of the saBvolar Energy). At the
current level of technological development, Rendwalktnergy resources may offer
advantageoudinancially viable and competitive options for particular purposes. This is in
addition to fact that Renewable Energy Resourcesalways basically Environment- friendly.
This point of view was also presented by a famoas@n Environmental activist and Federal
Parliamentariatderman Scheerin his interview withBurja Kalenka. The complete text of this
interview is annexed to this document. A recéfrld Bank study also seems to share this

opinion(World Bank 2000% o _ .
2.2. The importance of Electricity to Developing countres

(Electricity - the key energy resource for techha=velopment)

There are many forms of energy in use, of whiclctlgty is just but one and Photovoltaics

(PV) is just one among many various methods ofetseration. It is a well known scientific fact

that all forms of energy are interconvertible, #fere, from the scientific point of view it does

not matter which form of energy one starts withjegi the right gadgets, one will always arrive
at the right form of energy, necessary for partic@pplications. However, from the technical-
economic point of view, some forms of energy argerguitable as starting points for particular
applications than others. Of these, Electricityaastarting form of energy (or input form) is of

particular importance. Due to its versatility, easke conversion and convenience in use,
Electricity has become a universally accepted batsiting form of energy, to the measure that it
can be used as a measure of technical developrharsoziety.
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A society will be judged to be more or less develbpy referring to its degree of electricity use,
both in bulk or per capitd he higher the degree of electricity uses, the high the degree of
technical developmentof an individual, nation, society, or place. It cdherefore, be stated
here thause of electricity is synonymous with technical de@lopment From this statement, it
follows therefore that, in order to have meaningkghnical development, for the so called
developing countries, it is imperative for thembi® able to generate and use more electricity
both in bulk and per capita than they are curremsing. The only problem is how best and most
sustainably to achieve this goal. This issue masi Bubject of more and more research as time
passes and more and more people are concerneck lmetgnee of technical backwardness of
Developing Countries, especially those in Africgsluding Tanzania. Given the tropical location
of most developing countries, especially those ifricA, Photovoltaics seem to offer a
reasonable solution for generation of electriaityamounts critical to the people’s technological
development.

2.3. Electricity Generation and use options for Developig Countries

There are many conditions in which Electricity dangenerated and utilised. T@&oice of a
Method of Electric Energy Generation (including PV) and/or itsutilisation is usually
governed by manyactors and considerations such afResource Availability and Technical
Feasibility factors as well a€Environmental, Economic, Financial, Business, Sodiaand
Political considerations When we speak of Energy Applications (includiraja® and PV), we
usually mean its utilisation by people in their dayday life activities most of whom, nowadays,
live and work in and arounthe built environment. As such, this work deals with Electric
energy generation and its use in the built enviremtnHere we are speaking of stationary
objects as opposed to those in motion. Developimgnties being not industrialised, their
energy use in the built environment is limited. s shall see later, of this low energy demand,
specifically electric energy demands even lower because the most energy-demandingtyac

is heat making for domestic activities and this barmore economically performed using other
resources, such as biomass. The fact that mostep@oeveloping Countries live in small
separate houses in rural areas further atisigersion to this low electric energy demand
further complicating the picture. In case of celideal generation, this would result in higher
operating costs per unit of energy delivered, camghdo a developed country situation where
more electricity is demanded per capita and pelygemore compact in multi-storey buildings
in big cities. In Developing countries, electricisyused there or in such gadgets, where its use as
primary energy input is of particular importance sgnificance, for example in appliances
designed to accept only electric energy input, sashmodern electronic telecommunication
gadgets, or where electricity offers particular aatages such as in electric lighting. Both these
above mentioned activities are low power appliggtimnce again indicating their suitability for
use withlow power dispersed electric energy generatigrwhich further suggests Photovoltaics

ﬁl\élovoltaics (PV),as a form of input energy resource, is rarely eygd alone. Normally, in a
typical housing situation, there are many differactivities which require different input energy
forms which in turn require different energy resmas for their operation at the most efficient. It
is also a well known fact that although all enefgyms are technically interconvertible, energy
resources may be graded orscale of value levelsfrom Primary energy resources to higher
levels, based on thamatural availability and theeconomicsof their utilisation.. So, as a result
of this interdependence and gradeability of enesgppurces, this study , in addition to all the
above mentioned factors and considerations, als#islat theArchitecture of the built
environment in which this energy is used as welkhasother electrical and non-electrical
alternatives which may complement, help, compete with or hirejgslication of PV.

Energy efficiency, for example, will reduce théemand and therefore theize and in turn the
capital and running costsof any energy system that will be installed foitisdtion in given
building or settlement. Good buildingsulation or shadingwill definitely affect the building’s
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energy bill for heating or cooling thus making a limited energy system resource ¢atenore
applications in a given dwelling unit or take cafemore residential/working units in a given
settlement. Moreover, different energy resourceesys working in tandem, may together work
more efficiently than any single resource alones;Tfor example, is the case in cogeneration,
using conventional resources. The same princige applies with renewable energy. A given
settlement, for example, may be more economicagtigrated by acombination of PV and
Wind, a biodiesel power plant and one or more g®mattery Set(s) in Hybrid Installation
rather than only one of the above mentioned itelmsea Furthermore, collection, storage and
appropriate utilisation oRainwater, in the above mentioned settlement may furthertadiie
economics of the installddybrid Energy System in that less energy will be expended on wa-
ter supply. Last but not least, introduction ddiagaspowered unit into the Hybrid Electric En-
ergy System, may further enhance the economicdeatricity. Otherwise, Biogas may reduce
the electric energy demand, especially for hegpimgposes, thus further liberating the installed
capacity of hybrid power unit for other purposemdgas may also be incorporated into the Elec-
tric Energy Hybrid Complex by using it to run a gentional generating set using an internal
combustion engine, where biogas either alone onikture with natural gas may power the en-
gine. Biogas as a source of hydrogen may also éé tesfeed d&uel Cell Electric generating
unit. Other hydrogen sources for running fuel celidude direct electrolysis of water and cata-
lytic cracking of hydrocarbons. However, at thairrent level of development, Fuel Cells can-
not yet be economically employed for electricityngeation especially given the price of other
available alternatives. However Fuel Cells may bedufor scientific and further development
purposes. Biogas is obtained through proper manageai Solid and liquid waste especially in
areas with high human and animal population comagahs, such as Big farms, Schools, Hospi-
tals, Missionary and Administrative Centres. A moredern State of the Art general picture of
Renewable energy is summarisedAitken (2003)

As said above, there are many possible uses ofifP€érealone or in combination with other
electrical or non electrical energy resources. Ha@ketogether with other factors, the size of the
PV installation has a special significance in §yetof PV application. Thus, PV installations are
classified according to size.

This classification is summarised by the InternaioEnergy Association (IEA) Task 9 report.
(IEA PVPS T9-01:2002)

2.4. The concept of Photovoltaics

As stated beforePhotovoltaics (PV)is a science/technology tfansforming incident Solar
Radiation directly into Electricity. This is usually done in Photovoltaic Cells whiake,
basically, solid-state semiconductor devices that emit electrons upon being shone upon by
electromagnetic radiation of a given frequency @velength) range which reaches the cell
location.

In outer space, all the solar radiation spectruraragted by the sun is available for conversion,
whereas on earth, however, the solar radiationodifred after passing through the thick layer of
the atmosphere, where some frequencies (wavelenigmsls) are absorbed by various
atmospheric components. In addition, some of ther smergy is reflected back and/or scattered.
As a result, solar energy reaches the earth’ssidacombination of direct and diffuse radiation.
Whose intensity varies according to the locationearth, time of year and exact atmospheric
conditions prevailing over the location in questidhere are many scientific documents dealing
with this theme.
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Fig. 2.1: The effect of the atmosphere on the solaadiation spectrum reaching the eartd

[4]

The cells we are mainly concerned with here arsigea to electromagnetic radiation within the
visible part of the Solar Radiation Spectrum whigd usually call “Light”. The Physics of
Photo-electric emission is dealt with in many tieed including, (but not limited tdjazimierski
(1997) Depending on the material used and method ofidation, we now can distinguish
betweenCrystalline (Monocrystalline and Polycrystalline), Amorphous Silicon and other
Thin Film cells e.g. Copper Indiun di Selenide (CIS) and rib& second generation thin film
technology callecCrystalline Silicon on Glass (CSG)Thin film photocells have the advantage
of using less material in the cells themselves wadting less material during their production
thereby providing cheaper options for generatingdhcttricity. At present CSG technology is
the most promising of all thin film technologies.itW this technologya thin film of
polycrystalline silicon is deposited on a large glass sheet in variousrdaythen the sheet is
subdivided into cells. The resulting photocells ddlre advantages of both polycrystalline and
thin film technologies, i.e. combining relativelygher polycrystalline efficiency and lower thin
film production cost¢Basore 2002)

They seem to have a lower conversion efficiencterms of surface area but they compensate
for this in terms of lower unit production costspower terms (€/Wp or $/Wp) due to lower
material consumption and from the fact that sureskgrobtained free of charge (i.e. has no input
cost). However this effect can be felt when for attyer reason, physical space area is limited.

The combination ofight concentration andthin film triple junction cells has recently made
history in terms of Solar energy conversion effic (exceeding 40%), according doistin
Thomas (2007 [5]

The Electrical power (voltage and current, generatea single Photocell (PV Cell) is too small
for many practical application. So for these pugso$V cells are usually assembled in series to
form chains that are also arranged in parallelotmmfModules. Modules are usually the basic
utilisable units in Solar Electricity generationhiah would be dealt with by Architects and En-
gineers. They are also classified according totype of PV cells of which they are made, into
Mono- and Poly-crystalline, as well asAmorphous Modules Although Thin Film modules
are just a recent introduction and the name issaoturrent, people prefer speaking about
Sheets, Rollsetc, because the technology allows depositioh@Rthoto-active material in a thin
layer on flexible materials and curved or evengular surfaces of unlimited dimensions and

" http://www.globalwarmingart.com/index.php?title=dge: Solar_Spectrum.png&printable=yes
8 http://www.treehugger.com/files/2007/04/statecditiem.php
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shapes. With the development of the new secondrggor thin film technology, th€rystal-
line Silicon on Glass (CSG}echnology,CGS Modulesare now already in production. CGS
technology, developed at the Center of ExcellerareAdvanced Silicon Photovoltaics and
Photonics of the University of New South Wales (WMSn Australia,Basore (2003), Green et
al (2004) has since 2006 taken industrial footing in Geryn@asore 2006 a, bhere the first
industrial production plant has started, in ordetakke advantage of the conducive market devel-
opment atmosphere (in terms of governmental palitidgll, legislation and economic measures
taken) now prevailing in Germany and promising poead all over Europe. In the meantime
more research is going on and as as reporteBlalspre (2005jhe CGS modules are constantly
being improved and optimised through continued R&Mre information on CGS can be found
on-line at’ [6]

‘Crater” ‘Groove’  ‘Dimple’

Textured glass
TLight In

Fig. 2.2: Section through the CIGS thin film (showng the manufacture principle)
(Basore 2005)

Fig. 2.3: Rigid and flexible CIGS thin film PV modues™ [7]

In addition to bringing closer the possibility dfeap (affordable PV), CIGS technology provides
possibility powering small portable ICT gadgetsisas cellphones and portable computers thus
enabling cheaper application of these technolagiesrious situations such as providing power
for work in emergency situations, field studiesliggng and of-course, coordination of military
field operations.

Other promising PV cell types, in terms of effiaigrand production costs are in various stages
of development. Such cells include thee sensitized cellsuch as th&raetzel Cellthat mimic

the natural photosynthesis process. A very promisgtent breakthrough in the development of
such biomimetric dye sensitized cells is the ormemdy developed by Annemarie Hujser at the
TU Delft, Netherlands. A comprehensive descriptios principle and the process is to be found
in her recent PhD Thesi@lujser 2008)

° www.csgsolar.com
19 www.rewarestore.com/tech_thinfilm.html and www.reestore.com/reducation.html
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Other developments in the thin film cell prepamattechniques include application of the time-
testedinkjet printing technologies to deposit photosensitive materialslifferent substrates.
This same method can be used not only in preparafigrinted thin film PV cells but also in
the manufacture of very thin batteries for portajpelgets (a very important BOS item for PV)
and other responsive materials such as “smart” aagssmart packaging for goods tracking in
logistics, smart cards, smart uniforms for soldiamsl students and many more applications.
These are also related to PV as Balance of SysBDOE) appliances detectable using PV
powered portable or fixed gadgets. In general,eingyinting technique, using well-known and
standard inkjet printers, is a very promising stephin film deposition technology for use in
manufacturing of various types of thin film PV &efind modules.

PV Modules can be further integrated iraoays of different physical sizes, and electrical
parameters according to requirement. Depending tair focation as well asintended
operation andlocal solar energy availability characteristics PV modules may béxed in
different planes, such dwrizontal, inclined or vertical, and when not fixed, PV modules or
arrays may be made to follow the sura¢king) aboutone axisor abouttwo axes, (sually
daily, from east to west or in addition, seasonallyhe north south direction). The tracking PV
installation have the advantage of being able twide more energy over a given period of time
for a given module/array size in comparison witmikar fixed installations, but have the
disadvantage of being more expensive in installaiod maintenance costs, because of having
extra and movable parts. On the other hdimdd PV installations have the advantage of being
able to play other roles in addition to energy gatien. For example, they provide for
possibility of incorporation into building surfacesich as roofs and facades, where they may
play these “other roles in addition to energy gatien”. This is calledBuilding Integrated
Photovoltaics (BIPV). PV modules applied in this way, may work asoafing material,
thereby replacing conventional roofing fully or palty over the roof part on which it is placed.
They may also plagolar shadingroles when incorporated in roofs and windows oy sienply
work asdecorative cladding on walls especially in northerly and $euly latitudes where solar
angles permit vertical or quasi-vertical instabbatiof such elements without sizeable loss in
electricity generation capacity of such elementswhidays, solar cells and their modules may be
made in many colours and shapes thereby givingtaoth and builders the opportunity to be
creative in their application, not only in relatid@ amounts of energy they generate but in

building aesthetics as well.
2.5. e Balance of System (BOS) of a PV system and @®mponents

(Charge controllers, Batteries, Invertors, conmectiires and Loads)

The PV modules serve only one function, that isdfarmation of sunlight, solar energy into
electricity. However, for proper function of the Rystem, the rest of the components must also
be in proper and efficient working order. They malsb be matched for working together.
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Fig. 2.4: A typical stand alone PV solar home syste (SHS) and its major components

2.6. PV systems and their application niches

Once electricity is generated from the PV modules then to be either immediately used or
stored waiting for the appropriate time and demars is usually accomplished through the
use of batteries, the most common of which, fordiagionary applications like school lighting
systems, are currently lead-acid batteries. Ele@nergy storage in batteries can be made in
many voltage configurations, but for safety reasdimns most widely used in small stand alone
PV systems are 12V or 24V DC systems. Since stdndad acid storage batteries are usually
made as 12V DC packs, for a given storage capamity,fixed lead distances (and, therefore,
wire lengths) from module to battery bank a 24 gtegn requires twice the number of batteries
than 12V system but half the lead wire thicknessabse of lower currents. So a 12 V system
has the advantage of lower battery numbers andilaglvantage of thicker wires (or else higher
Ohmic losses). However, with the aim of keepingte@®wn, since batteries are usually more
expensive than wires, in small compact DC system2V system is to be preferred over a 24 V
system. On the other hand, for bigger system oweexdended large area, in order to avoid
energy line losses and to be able to use the dativedy cheaper standard off-the-shelf
appliances, the load circuit from the battery ® &ppliances is best configured as an AC system,
through an inverter and a local mini- or micro-grid

In many applications, electric energy demand dagslways coincide with supply in space and
time (from solar radiation whose intensity predadity is limited). Therefore, in order to have a
PV installation properly functioning to user saigion, an energy storage and control mecha-
nism is usually required. Due to a number of reasamst common “off-the-shelf” electric ap-
pliances are made for use with alternating cur(éd), while PV usually gives direct current
(DC) either directly from the modules/arrays ornfretorage batteries. As a result of this dis-
crepancy, most PV installation that use standafdhetshelf appliances do incorporate one or
several DC-AC transformation devices (calladerters) that convert the available DC to the
required AC. In view of the difficulty o€onstant matchingof load to generated energy in PV
systems, (due to erratic nature of natural enetggass including solar radiation), it is not al-
ways good enough to use PV orfstand-alone PV)for electric energy generation in critical
situations, unless one has enough electric endgggge capacity. In some cases PV may be
used in combination with other electric energy gatien methods. This is callddybrid PV
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systems In many developed countries PV generated el@gtigcusually supplied to the existing
electrical grid system. This is calleglid intertied or interconnected Photovoltaics (GIPV).

This latter option has the advantage of eliminatihmgneed for local energy storage and its asso-
ciated costs, but requires reliable electric gudction because for safety reasons PV electricity
is not allowed on a powerless grid. Some commeasi@ngements that encourage such applica-
tion of PV are also made, in which the price of eléctricity to the utility is higher than the
price of an equivalent amout of grid electricitythee user. Quite unfortunately, at least for the
moment, GIPV cannot be used in most Third Worldatibns because of the unreliability of grid
supply itself. Currently there is only the possthibf PV being used alone or in combination
with other renewable energy systems or fossil haded portable small scale generators on a
local minigrid or microgrid .

|FW Technolagies for Rural App[l:atlans—[

{ ‘ Cantral PV Plsr
i Bait. Charging
BoS =2 i Systoms
i Solar Home
aHa Egytem
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I_:ig. 2.5: Typical PV application ranges accordingdutheir installed power

As a result of the foregoing, a complete and coimgmsive study of PV and its application must
also considerModification, Transmission and Storage of Electricity in addition to its
Generation andUtilisation.

The choice of PV and/or any other method of electric energypagation and/or utilisation is
usually governed by many factors and consideraticueh asResource Availability and
Technical Feasibility factors as well a€Environmental, Economic, Financial, Business,
Social and Political considerationsWhen we speak of energy applications (includintaGand
PV), we usually mean its utilisation by people Ireit day-to-day life activities. Generally,
nowadays most people live and work in and arourdithilt environment. Government Services
of which this study is about are also conductednigan buildings. So this study also looks at
the Architecture of the built environment mainlywgonment buildings, in which this energy is
used as well as the other non-electrical systemas mhmay help, compete with or hinder
application of PV in Government Services. As présgrbefore, in a PV dependent electricity
supply system, whether hybrid, or stand-aloneP¥enodules may either be designed to be part
of a building or independent of it. In the provisiof PV for Government Services, it is
therefore, possible to design buildings in whichv&oament Services are being rendered to
incorporate PV modules and thereby linkiAgchitecture, PV technology and Government
services provision This study aboutUtilisation of PV in Government Services Provisionin
Tropical Developing Countries”, therefore, deals with the three above named fields.
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2.7. Energy storage in PV installations

Since PV systems operate under solar radiationjuhation and intensity of which are modified

by weather conditions over which man has no infteent is necessary to either constantly
(dynamically) match operating loads to availablergwg, or find a way of energy storage for use
on demand irrespective of the solar conditions @iteyg at the moment. Since dynamic load
matching is difficult various forms of energy stgeamust be employed in any systems involving
PV and indeed, many renewable energy based systems.

In general terms, energy storage can be conductethiny ways, such as:

e Mechanical storage:
o Gravity (mass level change) (liquids)
o Compression (air/gases)
o Elasticity Deformations (solids springs)
o Flywheels (mechanical energy stored in form oftintamass)
e Thermal:
o Phase change (based on latent heat of fusion/\&gpiom of active materials)
o Thermal mass (based on specific heat capacitibsaifstorage materials)
» Electrical storage:
o Utility grid feedback (based on sales to grid ang back of electricity from grid)
o Electric field, (through capacitors and ultracapasi)
(a new addition in ultra capacitor technology is tacently announced one atom
thick graphene ulta capacitd8]
» Electromagnetic storage:
o Magnetic field/resonance
» Electrochemical storage and conversion devices.
o Batteries
o Fuel cells
* Chemical storage in form of:
o Fuels:
= Natural fuel for combustion
» Biomass based fuels
o Simple dry solid biomass (firewood, animal dungj@gdtural plant residues)
o Simple physically processed biomass (wood peltdtarcoal, charcoal pellets)
o Products from processed biomass (Biogas, liquidstbanol, biodiesel)
» Fossil fuels (a result of ancient solar energyagier eg. Petroleum products & natural
gas)
o Hydrogen for direct combustion in internal combaoistengines
o Hydrogen for fuel cells
o Charged electrolytes for use in flow batteries, thg Vanadium Redox Battery
(VRB)
Of all these energy storage systems, the most tiaoin PV industry are Utility grid feedback
and various types of battery storage systems. Amueghanical storage systems, the most
promising is Flywheel storage system, but it i§ stider development. Of course, water storage
and compressed air systems could be powered byo#\Mhe stored energy is best utilised di-
rectly in the form of the stored material eg wate(compressed) air but reconversion to electric-
ity would not be economical. However, while gricéfack systems are typical and standard in
industrially developed countries, use of battergduastorage systems is the norm in tropical de-
veloping countries including Tanzania and the whgdet African region even in cases of exis-
tence of local mini and microgrid based hybrid egsd that include PV. For this reason more
discussion will deal with battery based storagdesys either in stand-alone or hybrid PV sys-

Y http://www.sciencedaily.com/releases/2008/09/08098910.htm
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tems (i.e. where another energy source is usedditian to PV). There are many types of hy-
brid PV systems, but currently the most interest\g hybrid systems are PV-Biofuel systems
which use PV in conjunction a conventional genagaset running on a form of biofuel from
locally grown plants, mainly Bioethanol from thecéd sugar and sisal industries or Jatropha oil
from locally grownJatropha curcaglant. More discussion on biofuels and especiddityopha

is coming in subsequent divisions of this thesis.

2.8. Batteries as special energy storage systems

Batteries are chemical sets that have a poteriffarehce across their terminals and give out a
current when the terminals are connected to a [0ad.simplest battery units with given typical
electrical parametrs are called cells which candesigned and manufactured for single use
(primary cells) or multiple uses through chargezdasge cycles (secondary cells). Cells can be
combined in different ways to give specified staddsed operating criteria such as voltage,
current and capacity. These cell packs are calletties and can similarly be for one time use
(use-and-throw-away) or reusable (charge-dischaygdyets depending on the type of cells of
which they are made (i.e. primary cells for nonheggeable types or secondary cells
rechargeable types). The rechargeable batteriesalae called accumulators, in order to
distinguish them from their non-rechargeable cajsbut usually the term “battery” is often
used for both. These are charged using an alreadiing source of electricity and so they are
very suitable for use in PV systems because theylgack power in electrical form immediately
upon connection into a circuit.

For our purposes of PV electricity storage, accataus are the most interesting. Therefore later
discussion will concentrate on them. There are matgumulator technologies and
corresponding types suitable for various uses.chwéce of a battery storage system depends on
the following factors:

* The operative requirements of the user
e Technical sophistication of intended equipment afoes
* Availability and technical sophistication maintenarpersonnel

¢ Range and technical parameters of available lcaksr§y consumers) or appliances such
as:

o The physical size of the equipment to be powered
o The power requirements of the equipment to be pedver

o The energy consumption pattern of the use or gadggiestion (e.g. when, how
long and how frequent that appliance is switchearmh off)

o The specific working conditions and environmentref powered appliance. (e.g.
Whether the appliance is stationary or mobile hertemperature of its operating
environment, etc. )

* Range of technical parameters of available stodagees
0 energy content and energy density /densities
durability /longevity in absolute time or numberabfarge/discharge cycles
size, bulk weight
Run time between two consecutive charges
Cost
Reliability

O O O O o
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o Other maintenance requirements (e.g. cleaningjngpyp etc)
* Financial resources and services available andsaitte to intended users and operators

The most common types of energy storage battahes, evaluation parameters and their uses
are as summarised below Bychmann (2005% [9]

Table 2.1: Characteristics of commonly used rechagpble batteries(Buchmann (2005)

Nickel- Nickel-metal- Lead-acid Lithium-ion Lithium-ion  Lithium-ion
cadmium hydride sealed cohalt manganese nhosphate
Gravimetric Energy 45-80 G0-120 30-580 1a0-1%50 100-135 a0-120
Density hikag)
Internal Resistance in 100to 200" | 200 to 300! =100! 150- 300! 25782 26— a0
i B pack BY pack 12% pack pack ner cell per cell
100-130per
cell
Cycle Life 16002 300to 5003 | 20010 300% | 300- 5003 Better than =1000
to 30% of initial capacity 300-500% | lab conditions
Fast Charge Time Th typical 2todh gt016h 1.5-3h 1h orless 1h orless
Overcharge Tolerance moderate lowy high Low. Cannot tolerate trickle charge.
Self-discharge ! Month 20%° 0% 5% =1 0%
(room temperature)
Cell Voltage Mominal 1.297 1.257 e 3.6V Mominal 3.6% 3.3
Average 3TE Average 3.8
Load Current  peak 20 ac ACY =3C =30 =30C
hest result 1C 0.5C or lower 0.zc 1C arlower | 10C orlower | 10C or lower
Operating -40 10 -201o -20t0 -20to BO=C
Temperature '® G0=C G0=C G0=C
(dischame only)
Maintenance 30 to 60 days B0 to 90 days 3toB not reguired
Requirement rmonths !
Safety Thermally Therrmally Thermally = Protection Frotection Protection
stable, fuse | stable, fuse stable circuit circuit circuit
recommended recomimended mandatary;, recommended; recammended;
stahle to stahle to stahle to
150°C 280~ 280°C
Commercial use since 1850 1880 1870 1991 19486 2006
Toxicity Highly toxic,  Relatively low | Toxic lead Loy toxicity, can be disposed insmall
hammiful to toxicity, and acids, fuantities
anviranment should be hanmmful to
recycled anviranment

1) Internal resistance of a battery pack varies wikhmating, wiring and number of cells.
Protection circuit of lithium-ion adds about 200mW.

2) Based on 18650 cell size. Cell size and desigrmé@tes internal resistance. Larger cells
can have an impedance of <15mOhms,

3) Cycle life is based on battery receiving regulamtenance. Failing to apply periodic full
discharge cycles may reduce the cycle life by tofaaf three.

4) Cycle life is based on the depth of discharge.|8Wwadlischarges provide more cycles than
deep discharges.

2 hitp://www.batteryuniversity.com./partone-3.htm
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5) The self-discharge is highest immediately aftergbaand then tapers off. The capacity loss
of nickel-cadmium is 10% in the first 24h, then ldezs to about 10% every 30 days thereaf-
ter. High temperature increases self-discharge.

6) Internal protection circuits typically consume 3%ilwe stored energy per month.

7) The traditional nominal voltage is 1.25V; 1.2V i®m commonly used to harmonize with
lithium-ion (3 in series = 3.6V).

8) Lithium-ion is often rated higher than the nomi8a&V. Based on average voltage under
load.

9) Capable of high current pulses; needs time to re@ie.

10)Applies to discharge only; charge temperature ramgeore confined. Delivers lower
capacity at lower temperatures

11)Maintenance may be in the form of ‘equalizingt@pping' charge to prevent sulphation.

Usually for small low power gadgets where compasdnis highly demanded e.g. cellphones,
lithium—ion batteries are the norm, whereas foghdly bigger appliances such as hand held
devices (e.g. cameras), NiMH batteries are cuyamkd. (NiCd batteries are also still on the
market, although because of their “memory effectiyems, they are not preferred. Unless there
is a major breakthrough in their R&D, NiCd battsriare on their way out.) For yet bigger
stationary or non portable gadgets of any sizg. @ationary household gadgets and back up
power systems) Lead Acid batteries are the most. Because of their high power density, Li-
ion batteries are also now being considered as lityobatteries for use in electric and hybrid
vehicles. Such mobility batteries will be more neting for PV when PV powered electric
charging stations (the equivalents of petroleufimfjlstations) enter into the main stream. In the
course of this thesis, different types of rechabtgdatteries are considered in relation to the
function of the PV powered appliances being disedss

250+ Lithium Polymer
Pristratic

2004
Lithium Phosphate

O
&

Lithium loen
Cylindrica
Aluminium Gans

Mickel Cadmium - -
Prismatic

ylndicsl
2rigmatic \

504 Lead Acid

WattHours f Kilogram
S
S

Mickal Metal Hydride
Cyincrical
Prisrmatic

1 1 | 1 : ! :
50 100 150 200 250 300 350 400 450
WattHours/Litra

Fig. 2.6: Relative Energy Density of Some Common &endary Cell Chemistries™[10]

2.8.1.The vanadium Redox Flow Battery (VRB)

A new type of storage battery, tManadium Redox Flow Battery (VRB) has been developed
and is in the early stages of commercialisationapulication in large scale PV and Wind Power
fields. This type of battery stores energy in fooincharged electrolyte that can be separately
stored and only pumped through the electricity gatimey “battery plates” whenever the energy
is needed. Its storage capacity is proportion#héovolume of the stored electrolyte. Therefore a
small battery size can be used and the capacitypeaseparately expanded by just adding the
amount of stored charged electrolyte. It has theaihge of being able to be instantly recharged
just by mere exchange of the electrolyte eitheclhgnge of whole containers, such as is done

13 http://www.mpoweruk.com/chemistries.htm
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with domestic gas cylinders in many tropical coiastror by filling up previously emptied fixed
containers, just as is done with liquid fuel tamk@utomobiles or domestic liquid fuel cookers
and burners also common in developing countriethdratter case, however, the fuel is used up
in the energy generating process, whereas in tHg MR “spent” electrolyte is not used up but is
simply “discharged” and so it has to be carefultgided for recharge at another PV station, if
necessary. In a typical stationary installationyéeer, the charge and discharge of the electro-
lyte may be carried out at the same location eithier separate containers by a “pump-out-
pump-in” mechanism, or using the same containensdomal electrolyte recycling.

Pipe Electrode  Membrane
: A

Half-cell

Half-cell]
reservoi|

Poap Four-cell stack Pump

Fig. 2.7: Simple representation of the Vanadium Reak flow Battery (VRB)
Hawkins (1998)

2.8.2.High Speed Flywheel Energy Storage Devices

Another energy storage device that is also consttitr be suitable to work with PV is the High
Speed Flywheel which is currently under testingsTevice works on the well-known principle
of mechanical energy storage by means of a rotatiags. Although flywheels have long been in
operation, they have always been limited by theikiness and slow speed and have always
been used to bridge short energy loss intervatsaohanical devices. With advance in materials
technology however, it is now possible to storatreély big amounts of energy in a compact
flywheel rotating at very high speed (angular vélgc According toHawkins (1998)quoting
Hockney & Driscol (1997flywheels rotating at around 30,000 rpm and stprtout 2kWh
have been reported to be under test runs providngergency back ups at remote
telecommunication stations in the USA. For safetgsons the flywheel assembly is kept
underground as depicted in Fig. 2.8.

telco equipment
cabinet

Flywheel system
{underground)
- k‘F e

1 (
Fig. 2.8: Underground installation of a flywheel eergy storage device providing back-up
to a remote telecommunication statiorfHawkins, 1998)
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The vanadium flow battery and the flywheel storagstems are especially interesting for large
scale stationary PV systems, the type that islsleitor large scale government services such as
schools, hospitals etc. Since they are just nowgoito operation, they would be good to deal
with for experimental purposes and for their chemasation for tropical applications. Following
hereunder is a comparison with the more establitkad-Acid battery storage systems

Table 2.2: A comparison of the Lead-Acid Battery wth the latest energy storage systems.
(Hawkins 1998)

Characteristic Lead-acid VRB Flywheel
Storage type Chemical Chemical Mechanical
Energy density Wh/l 300
Whike

Power density W/l 250 1500
Wikg

Efficiency (%)

Overall System 75-80 ca 85 (expected) ca 95
Service life < § years (ar beast) 5 - 10+ years 20+ years
Technology Maturity Mature Developmental Immature

Incremental Prototype module Production units
improvement stacks under trial under trial
System packaging unitary modular modular
Charge control separate integrated mtegrated
Cost relativities
Capital 1.3 (VRLA) 1.5 fexpected) 3
1.0 (flooded)
Operational 1.0 (VRLA) 0.7 04
2.0 (Flooded)
User-based 1ssues Handling (flooded) | Electrolyte System
handling Containment

2.9. PV Hybrid systems

Hybrid electric energy systems in general are tlebsetricity generating systems in which more
than one type of energy generation source is us@dcommonly controlled utility system. PV
hybrid systems are such hybrid systems in whichi$?¥ne of the component electric energy
sources. Examples are of hybrid systems included+diesel, and PV hybrid systems include
PV+diesel, PV+wind+diesel etc. In such systemsdiesel generator is incorporated into the
system to take care of peak loads and less surnys/wdlaen the energy stream from renewable
energy sources does not match the energy demanthardgficit cannot be compensated from
the energy reserve in the battery storage system.

Sometimes, the fossil fuel generators may be mextlifo run orplant oil (e.g. fromJatropha
curca9 or otherbiodiesel mixtures for diesel engines, dnoethanolpetrol mixtures if they
have petrol engines. Bioethanol can be easily meduas a by-product from the sugarcane
industry. There is also the possibility of ethasopplanting sugar as the main product produced
from sugarcane and this may have far reaching @agiin and reverberations impacting the
price of sugar on the world market, and the livethe sugar producers themselves, but that is
beyond the focus of this thesis. The study of thinuzation of the biofuels and engines to suit
their purposes is also beyond the scope of thEghmrit it is important to note here that currently
(2007) there is great industrial interest in thesdf, spearheaded by the transport sector. Research
in this area is brisk and prototype engines andicleth have been developed. In power
generation in Tanzania, there are just a few exaspf PV-hybrid systems installed in some
places. The Mbinga girls’ school run by Benedictfdister in Ruvuma Region in Southern
Tanzania is presented in this thesis as a casg sfiRV-Biodiesel hybrid case study.

Moreover, in a PV-diesel hybrid system, with spkgimodified engines, the diesel may be re-
placed by or blended with a biomass based fuel fnataral oil eg Jatropha oil. This has the ad-
vantage of reducing both greenhouse gas (GHG) emssssaving of money especially in coun-
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tries without their own oil reserves and greatelejpendence from external oil suppliers and the
associated problems.
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Fig. 2.9: Example of a combined performance of a PYbio) diesel hybrid system in
Mbinga, Southern Tanzania in Jan. 2008-02-28' [11]
(The yellow is the PV input, the green is input fron the plant oil diesel)

The question of Bio-Energy Farming in Africa isllstontroversial. It is especially very
interesting to African governments and the offic@mmunity of European Development
Partners, but to some others the quest for footivatibn for local self sufficiency in food as
well as land management and conservation is ofidpeaterest. Debates are still raging. As late
as February 2008 a seminar was organised in D&akgmam by the Dutch Renewable Energy
Agency SENTER-NOVEM encouraged cultivation of Jpha for powering activities in the
Netherlands. Some documents from the seminar &aitan the SENTERNOVEM website state
categorically about the dutch-centered interegtfiitan fuel crops plantations in Africat’]

Some other powers are more preoccupied by Chinergerbachment on their spheres of
influence” in Africa and exploitation of the stitheap African natural resources and are
proposing co-operation with China in this asp@&RRA DAILY, 2008Y°]. However the voice
and interest of the Africans themselves are falfargbehind. It is high time the interests of the
tropical developing countries themselves and theaples were put to the fore.

2.10. The Missing Information

Most of the information available about PV utilizat in tropical developing countries deals

with the individual consumer, whether it is a plegsiperson or an isolated localized small
organisation, but not a government service sys@owvernment service systems represent a
unique group of PV users, with the advantage abnatide hierarchical organisation, high
community visibility and social impact as well &g tsupport and the backing of the state. Using
the structure of the government of the United Répul Tanzania as a typical example this
work, therefore, fills this knowledge gap by examgithe application of PV all social and state
services organised and supervised under the vagmeesrnment ministries, and delineates the
role of the ministries in promoting the wider ugd?¥ in order to improve delivery of their
services to the public.

\www.sonne-ueber-mbinga.de/diagramm.php?prev
15 \www.senternovem.nl/energising_development/worksbop biofuel_production_from_ja tropha.asp
18 http://www.terradaily.com/reports/EU_nations_wanttoperation_with_China_on_Africa_ ministers_999lhtm
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Summary of Chapter 3: Using the Tanzania Government as a model of adabpi
developing country, this chapter present a gertksalission of the role and potential
of PV application by government ministries in Tamaa the impact of PV utilization

in the activities of each ministry and the roledify) of the ministries in promoting
PV utilization

3. POTENTIAL FOR PV UTILISATION IN GOVERNMENT SERVICES
PROVISION: A MINISTERIAL ROUNDUP USING THE TANZANIA N
GOVERNMENT SETUP AS MODEL

3.1. General

A government as an instrument of the people, ferpgiople and by the people has a definite role
to play in the development of the people it selaed represents. The main aim of this chapter is
to give information about the actual and/or potntble and impact of PV application in
Government activities and function through its sas ministries and their respective lower
instances. In connection with this, information atthe role of each relevant government
ministry in promoting PV as an energy alternatisgresented. Then in the following chapter
some key government services, namely educatiorthicage, and public administration (under
appropriate ministries) are presented as deeperstadies.

3.2. The prevailing situation in Tanzania

Throughout the research period for this thesis 422008) most PV related activities in
Tanzania, were mainly initiated and/or carried maiinly by extra-governmental agencies, such
as religious organisations, local and foreign NG@ts private individuals and are funded by
various donor agencies and voluntary organisati@ugervision of project implementation is
usually through local and foreign NGO's or foreigid agencies such as GTZ, DANIDA,
USAID, SIDA etc. Direct government involvement igimly in collaboration with these foreign
donor or UN agencies. Various Tanzanian acaderstdutions have also been involved but to a
lesser extent, except for a recent government diovenvolve Teacher Training Colleges
spearheaded by SIDA, where PV is correctly viewed @sed as a means of providing reliable
energy supply for running Information Communicatibechnology (ICT) projects in selected
teacher training colleges, especially in remotelsated centres. Besides domestic lighting and
medical refrigeration, which are currently the mapplications of PV technology in many parts
of Africa including Tanzania, the powering of IC$ bound to become a major area of PV
applications especially in conduction of Governm&atrvices, for both social welfare (e.g.
Health and Education) and Public Administrativedtions.

Africa’s experience in use of ICT in government agistrative systems is currently in its initial
stages and is, therefore, still very limited. Thaest widespread experience in computer use in a
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Government administrative system in Africa, wastlog then South African government during
the infamous apartheid era, where it was used liows ways to facilitate the oppressive state
mechanism in that country at that time. This negatise of (mainly American) computer tech-
nology in supporting the oppressive apartheid regwas well documented by Stanford Univer-
sity computer science student§.[However, computer application in government aulsiiative
system need not be oppressive only. On the contitacgn be used for enhancing positive gov-
ernment services such as record keeping, governooeminunications, government accounting
etc. However, given the limited extent of the gsmver supply and wire based telecommunica-
tions networks, computerization of government ai#is in such “unconnected” areas was, until
recently, impossible. On the other hand, in faidgent times, development of modern wireless
data communication technology, has simplified thmmunication network potential, provided
there is power to run the communication appliartbesnselves. That is where PV comes in.
With PV technology and the favourable natural ctads of almost certain daily intense insola-
tion leading to big annual Solar harvests, (170062RW/mz2.a in tropics as against 900-1150
kW/mz2.a in Temperate countries e.g. Germakiggemann 2002)decentralised generation pro-
vision of power to run the communications appliarceuite possible and at reasonable cost
both financially and environmentally. The idea &f &tilization in tropical countries is not new,
what is new however, is the widespread use of R\pdavering of ICT. PV market studies have
been conducted before, but not quite regularly. Agnother activities a brief summary of the
then current (2005) state of PV affairs in Tanzamés given bySawe (2005)It is to be hoped
that in future one will be able to get more infotima on Tanzania including most recent data in
the PV market situation at this site. Using the ZEama Government a san example, following
hereunder is a government round-up in which thesroff the various government ministries ei-
ther as users or as promoters of PV are described.

3.3. The Tanzania Government ministerial set-up vis-a-\& PV application

3.3.1.President’s Office

The President’s Office is the main coordinating Yoad all affairs of national interest and
government activities. In addition to coordinatprgsidential activities it has, several specialised
departments. Normally, the President’s offices Hradr department are located in the Capital
and a few big cities and power supply to theseceffiis well-taken care of from conventional
sources (grid and stand-by diesel). Installatio®dfin the buildings belonging to the President
offices can be made only on environmental grounrdasi as a way of setting a good example.
On the other hand, there are several roles thedergs Office can play in promoting PV. The
roles of the different departments are as indichtréunder:

* Department of Good Governance
o Approval of PV friendly legislation
* Department of Politic & Social Relations

0 Expression and demonstration of political will flevelopment and utilisation of
PV in Tanzania

* Department of Public Service Management
o Policy development for PV utilisation in Public See

3.3.2.Vice President’s Office

The Vice President’s office is responsible for Ungffairs and Environmental matters, both in
policy and activities.

7 http://www-cs-students.stanford.edu/~cale/cs2Girtapid.comp. html
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e Department of Union affairs:

o Although this department does not seem to havetdi¥-related activities or
responsibility it can play a big role in co-ordimat PV related activities on both
sides of the United Republic, i.e. for both the &mnand Zanzibar Governments.

e Department of Environment:

o This government department can be very useful iompting PV and its
application in Tanzania, building its case from Erevironmental angle.

3.3.3.Prime Minister’s Office

The prime Minister's office is responsible for oseeing activities of all other government
ministries as well as government business in Radid.

* Department of Parliamentary affairs: This government department can promote PV
application in Constituency Offices of Members oérlRment (MPs’) since most
parliamentary constituencies in Tanzania are lacataural areas that are currently not
electrified. As a result, PV application to powéTl tools (computer networks and
peripheries) in these offices, can facilitate Rankntary documentation and
communications systems linking the constituencyicef with other government
departments within the local area (i.e. constitygndistrict and regional headquarters up
to the top government offices and parliamentariceff in the national headquarters. (i.e.
both Dar es Salaam and Dodoma in the case of Te)zdimis office may also play an
important role in promoting PV by leading the deyghent of PV friendly legislation,
such as grid feed-in and green electricity subkdislation.

* Department of Regional Administration & Local Govemment: The department of
Regional Administration and Local Government in fregme Minister’'s Office (PMO-
RALG) is the principal Central Government organmat overseeing all public
administrative matters in Tanzania. More aboutfthections f this department and the
role of PV comes later as a Public Administratiasecstudy.

3.3.4.Ministry of Infrastructure

PV in Telecommunication in Tanzania: There is great potential for PV utilization in the
telecommunications industry especially in the pomgiof remotely placed telecommunication
towers and microwave relay stations. This technple@lready being used in Tanzania, Uganda
and many other African countries. The role of P\¢lmarging small cellular phones for people in
remote locations has not been fully exploited yrethe cellphone charging business, especially
for people in rural and remote rural areas, thg dmleseeable major competitor against PV in
charging of cellular phones (and other small eleaadgets such as small radios, etc) is the
hand winding dynamo charger, going by the name dfreecharge” such as the ones depicted
below (with proper design and operating charadiesissuch cellphone charges have a potential
market in remote areas):
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Commercial description of the left depicted cellpaacharges is available respectively ‘8k [
The right depicted cellphone charger, was ordenebt@sted by this researcher and was found to
be inadequate for rural application. It seems that the charger was conceived to bg aml
emergency tool for helping somebody to deliver alsmwharge level into a cellphone battery
enough to make a single call in case of emergeBegh a hand powered “emergency charger” is
conceived for users in developed countries wherkenaaperson temporarily stranded in a re-
mote area needs to make just a single call in dadget the much needed help to bring him/her
back into an area serviced with all facilities udihg grid electricity for standard cellphone
charging. Cellphones are becoming even more impbga instruments for money transfer to
third world countries as they are objects of comitaition. A recent report by the Washington
post demonstrates how this transfer is effecté. [

Fig. 3.1: Hand winding cellphone chargers

PV enabled internet connectivity: The question ofinternet Connectivity for tropical
developing countries looms large in the whole bofithis thesis. Developing countries are the
junior players in the internet game. This is whatcalled the'digital divide”. Ranking the
junior players, i.e developing countries Africaeigen lower on the ladder. Accordingltalana
(2003) “...only 10% of world population is online ... masiternet users are in the developed
Western countries: the US, Canada and Europe acéounabout 63% of the world’s internet
users. The Asia-Pacific’'s share is about 3@¥ica and the middle-East combined account
for less than 2% of the universe of internet users.

There are many reasons accounting for this prolilersauation and in the opinion of this re-
searcher, power poverty is among them. In thealfreport to a survey of ICT needs in Tanza-
nia, LAMTRAC [*], a Swedish company tasked for the job, mentiansliable power as one of
the major constraints working against ICT developtria TanzaniaLAMTRAC (2001)What
they failed to mention, however, is the fact thet bigger part of Tanzania is not even connected
to this “unreliable” power supply. Efforts are bgimade to improve the African and indeed, the
East African and Tanzanian connectivity situatibof still reliable electric energy supply for
proper function of the necessary Information anth@mnication Technology (ICT) hardware is
still a problem. It is especially important to nakat PV can play a vital role in powering ICT
since most of the associated installations aredower and distributed in area coverage espe-
cially where rural connectivity is concerned. Quitafortunately, however, most work written
about rural connectivity does not adequately addifes power supply question. A typical exam-
ple would beSheriff (2007)n his “thematic report” on rural connectivity irafizania, produced
for the International Institute for communicationdaDevelopment (1ICD). Moreover Much of
ICT development and its link with Photovoltaics Maé discussed in proper case study sections,
but here suffice it to present a summary of thereffbeing generally made by various agencies

18 \www.solarcosa.de/Shop/Motorola_FreeCharge.cfmBa=1
19 www.washingtonpost.com/wp-dyn/content/article/2Q0802/AR2006100201462_2.html
20 \www.lamtrac.se
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to bring the whole of Africa, East Africa and Taniain particular onto th&lobal Informa-

tion Super Highway. The key undertaking for this work revolves aroung@roject now in in
progress, going by the name Dihe East African Submarine Cable System (EASSyMost
current information about it may be obtained frdfij. |A picture of the project and planned con-
nectivity is given below. According téonazi (2005)most of the work as depicted in the maps
below, is being done througbrivate companiesand international organisations specifically
related with provision of such services in ordeffaailitate this connectivity. The main advan-
tage of this arrangement is harnessing the vibramcy effectiveness of private enterprise, but
this also comes at a cost. The profit motivatiopmfate enterprise may hinder extension of the
necessary infrastructure for public provision afegvices in rural and/or economically disadvan-
taged areas unless the governments institute $pee&sures through their respective regulatory
and executive agencies as well as economic/fineimgantives to lure the private enterprises to
such disadvantaged areas.

The costs of installation and operation of computetworks are high. This is one factor
hindering faster growth of internet services woildley but especially so in underdeveloped
Third World countries including all countries iretast African Community, namely: Tanzania,
Uganda, Kenya and, since recently, Rwanda and Bur&s a way of reducing internet costs,

governments should invest in energy efficient coteuand network components and related
research. In the case of lack of research funds faniities, government ministries for

communications and technology could keep a watchfid and monitor available on-going

research in this field. A comprehensive trackinglefelopments in this field is carried out by
the energy efficient internet project at the Unsigr of Southern Florida in the United States
from whose website a lot of literature on this essis available, as seen on the following link

2

[\/Iz(lre information about the impact of ICT can beai¢d from other research centers and
thinktanks, such as the Wuppertal Institute fom@lie, Environment and Energguhndt et.al
(2006) from that Institute, for example have recently I@i®ed a complete assessment of the
contribution of ICT to the Millenium Development &e (MDGSs), in which they cite both
positive and potentially negative impacts of IGY].[
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Fig. 3.2: Africa in Global Fiberoptic cable Internet connectivity plan
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2L \www.eassy.org/
22 \www.csee.usf.edu/~christen/energy/lit.html
2 www.csee.usf.edu/~christen/energy/lit.html
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Fig. 3.3: Submarine cables around Africa: existigplanned and currently under
construction Yonaz (2005)

L™

Fig. 3.4. EASSy backhaul options under considerat

foYonaz (2005)
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Fig. 3.5: Closer to Home. The East African task fare Yonazi (2005)

In October 2007, the ITU organized thédnhnect Africa Summit” in Kigali Rwanda in which
it was noted that Africa is not only lagging behitiee rest of the world in ICT but actually
falling back despite the investments that have rtalexently place. A “Marshal plan” was
proposed to make the difference that would ensudreadAmeets the Millennium Development
Goals by 2015ITU 2007)

In a country/continent without reliable electricgypply, the digital divide will even be grater.
On the other hand, given the amount of sunshiné Alfidaca receives annually, a parallel
investment in PV development and installation imié& will make possible the realisation of
this “Connectivity miracle.

e
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PV in railway transport: Some stations on the Tanzania-Zambia Railway (TE&Y
PV installation to power communication and faciktéocal electricity supply.

PV in Road transport and fuel dispensing: Whenever there are power-cuts in
Tanzanian cities some petrol stations fail to wdtk. could help run some of the most
essential services such as fuel dispensing arwbaipression.

PV in Marine services: Marking of waterways and lighthouses for marineragions is
already a well developed industry. Respective guwent ministries and other state and
private organisations need only to tap into thiskeg&for their own benefit.

PV powered airstrips and ground systems.especially in remote rural centres:
Development and constant improvement of the LERdadighting systems will prove to
be beneficial for the purposes of airport markihgarious objects at airports aerodromes
and airstrips, especially in remote areas of Afand other tropical developing countries.
This would enable night flights to these areas ite@ado improved services. However,
this development may also have its dangers inifaitig nocturnal illegal activities such
as drug trafficking, weapons and mineral smuggliigch has been the bane of tropical
developing countries in recent and modern histSo/states need to be more vigilant on
this.

PV powered aviation servicesPV as a direct flying power source for aviationtle
sense of air transport is not yet developed. Howegearch for use of PV in preparation
of aviation fuel is under way. Direct PV power femall unmanned special purpose
aircraft has been under consideration for quiteetomne, mainly for use in outer space eg
Venus, but the same technology could be used foestieial applications such as geo-
survey and agricultural research.

3.3.5. Ministry of Industry Trade and Marketing

Development of industrial base for greater utilisaion of PV in Tanzania Currently
most of the PV used in Tanzania caters for domest& mainly domestic lighting and
some refrigeration. Outside the home, PV is usedhlgnan medical refrigeration.
However, if PV is to gain any strong foothold ingrcal countries, this situation aught to
change. Some industrial and other productive agiptins must be developed. For
example, 12V electric motors and lighting systemsdewing machines could be very
useful in enhancing the rural base for the garmemsnufacturing industry.
Establishment of a collection and marketing systemthe garments so made would
increase the benefits to the producers therebyicgean empowering situation for more
investment into PV for the rural based garments ufenturing industry. The ministry
could play a vital role by supporting the developingf such manufacturing and product
collection and marketing systems.

Promotion of Manufacturing and Trade in PV products in Tanzania: Almost all
elements of PV systems used in Tanzania, from Mmsdub BoS components are
imported. The ministry could develop policies amdreomic incentives conducive to the
local manufacture of PV system elements. A morbagkte proposal along these lines
was developed bByabato (2000)

PV powered ICT in trade and e-commerceAs discussed before under the ministry of
infrastructure, the most important application &f B transformation of rural life and
fighting technological underdevelopment will be thpplication of PV in ICT and
therefrom associated e-commerce. The ministry cqutzmote this development by
enacting appropriate policies and instituting canae economic environment.

PV powered ICT in trade documentation, inventory management (esp. just-in-time
supply chains management) ety mainstreaming electronic documentation processe
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the ministry could indirectly influence PV applicat in areas where PV will be power-
ing the necessary ICT hardware.

Promotion of PV through Energy Trade policies and tade promotion measures
The ministry could do a great service towards priioncof PV applications by instituting
conduciveSustainable Energy Tradepolicies and sustainability promotion measures
such as introduction dRenewable Energy Certificates Systems (RECS), Guartees

of Origin (GoOs), and special energy trade labels swhOK power labels, or
something similar toTUeV-certified power labels common in German speaking
countries of Europe, or institution dnvironmental Product Declaration (EPD)
documents. Such trade mechanisms are already heiad in Europe to promote
renewable energy utilisation and related Energydé&rand Carbon Trading or
Emissions Trading.

3.3.6. Ministry of Livestock Development

The role of PV in general life of people in predaamtly Pastoral Communities e.g. in
Maasailand, Sukumaland. In addition to the quaslitional role of lighting in all rural
communities, PV powered cellphones could be uselddogsmen in the field in pastoral
communities for communication with the home basewdh other herdsmen on the
move, or to get information about market conditiémstheir animals before they go to
animal auction markets, which can be far away.

PV powered water supply schemes for livestock mamagt. In addition, the ministry
could organise for construction and maintenancd>\éf powered watering points for
animals at various locations so that people ingpastommunities could come and water
their animals, (of-course for a fee).

3.3.7.Ministry of Health and Social welfare

The issue of PV in healthcare is being treatedra¢gig in the next chapter as one of the
selected case studies. Here only short notes aea gbout social welfare:

PV in Social welfare There are a number of projects in which PV canefo@uch use in
the National Welfare System. One obvious applicaiillumination in many National
Welfare Institutions (NWI) such as various homes people with problems, juvenile
offenders’ jails etc. Another example is powerinfgl@T in the same institutions and
their networking and link up with Headquarters, exsglly those that located in remote
places. Some of the National welfare institutiors lthve educational and training
facilities of various types and levels, as wellsasilarly diversified health facilities. In
such institutions PV may play a pivotal role in anbing their efficiency and
effectiveness, just like in other similar instibns under respective government
ministries.

3.3.8.Ministry of Justice & Constitutional Affairs

PV powered ICT in justice delivery systems Justice delivery in many Developing
Countries including Tanzania has a lot of probleafisyhich energy supply, documenta-
tion and communication, are just but a few. (Othectude buildings, personnel). It is an
overburdened system. There is a great backlog ofyrpanding cases which need adju-
dication. PV and ICT offer a combined solution teryy, documentation and communi-
cation problems, the effect of which is a speediuftue processes” taking place in our
court systems. A simple SHS (PV modules, lightsitadler with or without inverter, a

battery, and a power outlet socket), offers oppotyuor electric lighting, and powering

of laptop computers, thus enabling personnel tckviaster and for longer periods, even
utilising night time, especially when consultingyé documents or reviewing previous
court cases, which can be made available in elgictform (e.g. on CD-ROM). Addition

of a communication facility on this basic infrastture, (beginning with simple wireless
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communication, through to specialised “thin cliemternet facilities) will increase the
ease of communication between different instanéekeojudiciary and thus reduce state
costs and delays of justice delivery. For examalsystem can be established that any
judgement made by a primary court magistrate caimpeediately electronically trans-
mitted to the district court on the same day fag tlecessary case review. The same
would apply for district, resident magistrates’damgh court cases with respect to their
higher instances as provided for by the law. Paawailability through PV would enable
the Judiciary to employ a simple Computer based Gésnagement Application (CMA)
such as the one describedBigckton (2001)n the whole country thus speeding up cases
hearing process and monitoring tracking down amdieating all sources of delay. Cur-
rently, a lower court judgement review has to Vi@mitan unspecified time either until an
inspection is organised or until unusual circumstasnnecessitate a speedy revision. It is
on record that a few cases were speedily reviewel@uunusual circumstances. One of
the fastest reviewed case was that of RepubliDisagula which was a result of public
outcry and a nationwide demonstrations that thremtecommunal peace and political
stability as Muslims all over the country demon®taagainst the government after Di-
bagula was jailed for alleging that “Jesus was®@ad”. Other instances that precipitated
speedy case reviews ware press furores that follave infamous cases of “Immigra-
tion: the Dog” in which a dog was “sentenced” tattheby a court magistrate for the
“crime” of being named “Immigration” or the imprisment of Journalist Adam
Mwaibabile for the “crime” of exposing state sesratter he published in a newspaper an
unfair order against him, by a senior governmefitiaf. Ngaiza (2000)If, for example,
Mwaibabile had not been a famous journalist, anthéf press had not made such big
noise about his imprisonment, then he would hamguahed in jail for a longer period
until a routine review was carried out or an apgead successfully sailed through the
“due process”. An analogy into Kenyan politics Mater drawn byNgunyi (2002)

* PV+ICT in the appeal process in court casesAnother positive effect of PV powered
ICT in the judiciary will be the speeding up of thppeal process. Once again usually,
after a judgement is made and pronounced in cthet) that judgement is immediately
executed, irrespective of whether the judgemenefsapre printed out or not, but the
appeal process has to wait until a “copy of theggrdent” can be provided by the court
to the prospective appellant. This process of pedjwa, print out and issue of
“judgement copies” usually takes a few days or we@k months, sometimes). This
delay sometimes provokes (sometimes successfudlylescorrupt business of bribery
whereby one of the belligerent parties may be techpd contact a (junior?) court official
(ostensibly in order to “speed up” or “further delghe matter, or tamper with evidence
or the justice delivery system itself, as the aasg be). Providing PV powered laptops
(part of ICT), would enable our law abiding judigigoersonnel to execute their duties
diligently without any delay and this would denetfusually very few) corrupt ones a
simple excuse for demanding bribes. (of courseesthe vice of corruption is like the
legendary a many headé@himaera”; they can think of other tricks.) In any case, in
order for this system to be successfully set up amd smoothly, knowledgeable
personnel have to be trained, which leads us tsg¢hend project described hereunder.

» Taking just one issue of drugs related cases irzdian, the following example may
serve to illustrate the tough situation facing enzanian justice system: A famous
member of Parliament, the late Ms Amina Chifupdestahat according to 2005 statis-
tics, 3, 368 cases involving 4,532 suspects wegbtot in connection with 150,000 kg
of Bhang , 1,200 kg of “Khat{mirungi), 10 kg of heroin, 78 kg of processed bhang and
362g of cocaine and 1.4 kg of illegal morphif®.[If the justice system is not helped in

24 http://www.ippmedia.com/ipp/nipashe/2006/11/28/723tml
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expediting the decision of such cases, by provigeapnical facilities, then many inno-
cent people would suffer in unnecessary custodgdning the government with their
care and fuelling corruption or worse still the gowment would be rendered ineffective
and many illegal activities would go on unaddressét grave consequences to the so-
ciety as a whole. Fortunately enough it seemsthieairanzanian Justice system has be-
come aware of the problem of technology in thegiagy. In underlining the importance
of technology application in justice delivery sysatethe then newChief Justice of
Tanzania, Augustin Ramadhanwas reported by hhatbar (2007)to have promised
“... to make sure corrupt practices are not toleratedtechnology was applietl and
also insisting that “..knowledge and use of technology in judicial workwas] crucial

for efficiency and effectiveness”. This realisatitimen, is a sign of changing times and a
good beginning for establishment of a project saglone described hereunder.

* Training of Justice personnel in working with ICT and PV: In order to use PV
powered ICT in the judiciary system of any third Ndatropical country (e.g. Tanzania)
an elaborate training program for judiciary persann both PV and ICT must be started
up. This can start with newly recruited judiciargibhees in respective institutions, just as
it has been done in the Ministry of Education widacher training institutions in
Tanzania.

3.3.9. Ministry of the Public Security and Safety

This is a new ministry in charge Tanzania PolicecEp after separating it from the Interior
Ministry. According to Commonwealth Human Rightgtiative (CHRI) country report for
Tanzania for 2006, Tanzania by 1999 had approxim&(&,200 police officers which made a
police to population ratio of 1:1,298 for a population 35,300,000. By 2003 this ratial ha
worsened t0l:1,400 grossly falling short of th&JN recommended ratio of 1: 450(Churi,
2006) The same report goes on to describe the grossgeguate living and working
conditions, as well as poor working tools that deatise the police officers. These, together with
other factors may contribute to unsatisfactory grenance and may even contribute to some
elements of corrupt behaviour within the policectarlt is once again postulated in this thesis
thatimprovements of technical facilitiesin both the domestic and working life of the pelic
force, can greatly improve their working efficien@nd contribute to a reduction of “incentives,
opportunities or loopholes for corruptioffhianya ya rushwa)One of the proposed technical
facilities in question is adequate power supplydéhthis heading, PV either in stand-alone or in
hybrid system may play an important role, in thetifieation of the above stated problems. This
situation is especially more appropriate for polkeark and residence outside big towns i.e. in
rural and urban areas without a guaranteed gridep@upply. Following hereunder are some
examples of PV applications in police officers’idesice and police work

* PV application in police officers’ living quarters: PV, either alone in discrete units
such as Solar Home Stystems (SHS), networked iitoormand minigrids, or in various
hybrid systems can power lighting and some othenastic electricity needs as already
described for other population groups, such asddeachers and medical workers. In
some areas in Tanzania, for example, especialsome rural areas, police quarters are
an integral part of colonial style government stas, which used to include schools,
dispensaries, primary courts and other governmemices in one compound. In some
other areas there are separate police living gquarseform of police barracks officially
called“police lines” housing police officers and their families, esp#giin urban areas.
Under such arrangements it is easier to installmathtain a power supply system, that
may include PV installations.

* PV application in police work and forensic activities: Application of PV powered
computers in police documentation work would warktjin the same way as has been
described above for the judiciary, except thathrs tcase the document preparation,
transmission and retrieval would be in relationhwiolice activities. (Transmission of
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police case files and other documents for legabacExamination and search of legal
reference material on CD-ROM or on-line for crimirtase prosecution preparation,
Internet search for additional forensic informatemmd on-line training of police officers
in forensic matters). Borrowing a page from tlePolicing Strategy Statement”of the
Lincolnshire Police Department (UK) (2003).The concept of using electronic informa-
tion systems in police work is calledpolicing, This strategic statement states its vision
as a set of Strategic Business Drivers (SBDs)pthreipal one being “...the modernising
government objective, as stated in the British matpaper of April 2000 calletE-
government: A strategic framework for public servies in the Information Age” in
which other additional “business drivers” for irduetion of e-policing are stated as fol-
lows:

» The need to work closely with other emergency sesviand public sector organisations to
provide ‘one stop shops’ where inter-agency co-afp@mn can lead to greater efficiencies and
more ‘citizen-centric’ services;

» The Best Value Performance Indicators, against hwiine Force is measured and which
demand a programme of continuous improvement;

» The growing customer expectation that the capaslibffered by technology will be
exploited fully in the delivery of public services.

Needless to say, if tropical developing countriessta remain part of this world and their state
agencies such as the police to be able to opeyeaddlyl and internationally through international
law enforcement agencies suchlaterpol, they have to be able to acquire and use modern
technology, such as ICT, slightly modified to bdealn effectively and efficiently perform
within the constraints of their environment. An digdehal motivation for introduction of e-
policing is that police organs in tropical Third Yibcountries must be able to speak with their
counterparts in the more industrialised parts efworld “on the same wavelength” and using
the same, similar or compatible working tools faase of information transfer during
collaborative activities such as tracking down mernational criminals such as terrorists, drug
traffickers and money launderers.

The e-policing philosophy of the Lincolnshire pelidepartment stated above should be an
example for other Police Forces still lagging behin this concept, such as we see in many
Tropical developing countries such as Tanzania. éd@wvgiven the technical constraints of lack
of reliable power supply and the natural endowniergolar Energy resources, PV seems to be
one of the ways out of the power problems to enaBléo run e-policing serves. Additional
innovations in police interaction with the publi®as demonstrated in the following examples.

Example 1 The Police Hotline:In this example, members of the public are advisedall a
certain police number whenever they are in dangef they have grounds to suspect that a
crime is taking (or is about to take) place. Inesrtbr the public to be able to do this, they must
themselves have working telephones. In Dubai, xangle people have ti&afer Community
Card which enables them to call the police from anyligupayphone or private cellphone any
time. For this arrangement to be effective, thexeds to be a working telephone network, people
need to have affordable telephone gadgets thenssedwel affordable means of charging their
cell-phone batteries. Nowadays, the mobile phoweluéon has already solved this question of
physical availability of cellular phones gadgetspmomics is in the way solving the purchase
finance question for actual acquisition of the gadgoy the public. The only big problem is
affordable charging means. Therefore a PV powerdahe cell-phone battery charging centre
could help these rural people able to respond ernttline. Otherwise the police hotline service
will benefit only a few city residents with accaesmains electricity in addition to accessing the
cellphones themselves.

Example 2 Police internal communication:Most remote police posts have problems with
communication with their local headquarters or bighdministrative instances. This makes their
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task of policing and/or follows up on criminal aetsd investigation more difficult. If all police

posts could get PV powered communication faciljtiben it would be possible to incorporate
remote police posts into the current police inttasmmmunication system. This would facilitate
police work and help reduce the level of crimehe tountry which with has in recent times
grown out of proportions, with the recently frequétollywood-movie-like bank robberies and
other minor events.

Example 3 Road Patrol: Strategically located PV powered devices such asecas and radar
systems could actually contribute towards accidedtiction by helping the police in detecting
and finally arresting over-speeding and/or hit-amd- drivers causing unnecessary road
accidents. Such hit-and-run road accidents (in Wwiesgusative drivers don’t show up at police
stations) usually contribute to unnecessary dedlesto lack of first aid and/or quick and timely
delivery of victims to hospitals. In most developicountries, even a simple accident can lead to
a victim’s death due to excessive bleeding or leickther first aid, because of lack of adequate
medical facilities. The few better equipped digfriegional and consultant hospitals are very far
apart and road traffic is so sparse, especialboumtryside roads or remote sections of highways
between two big urban centers.. It is, therefamgdrtant that drivers of vehicles involved in
accidents, if they are themselves not injured, fodlyeexamine accident sites to help victims of
such accidents before they move away. When a dnver away from an accident scene without
trying to help the victims, he/she contributeste gravity of the accident in which he/she had
been involved. Such a driver must be tracked domhp@osecuted for the additional offence of
failing to help a person (persons) in need, in @aldito the original charge related to the main
accident. Currently police have to use a lot ofemgty to be able to arrest such hit-and-run
drivers.

Example 4 Roadside telephone systemBV powered roadside traffic telephone systemsdcoul
be very useful in helping other safe and/or careliivers, passengers and/or passers-by in
reporting accidents and other road traffic problefwfenever they happen), especially on
remote stretches of highway, passing through umitda territory. Such territories are very
many in a country as big Tanzania, where one care dor several hours on at full speed
without meeting a single human settlement or evemgle person. In such areas even cellular
phone networks are not accessible and for obviaumsntercial reasons, are not likely to be
installed in the near future. In the case of a |lenwbdeveloping to someone driving alone on
such a stretch, the person would be stuck untitremovehicle happens to be passing. Special
traffic telephone systems are required along soel stretches. Similar telephone stations are
already installed on major highways in developeahtdes including the US and Germany.

3.3.10.Ministry of the Interior

After separating the police force into a new Minjstonly Prisons, Immigration and Fire &
Rescue services remained under this ministry.

* PV application in the Tanzanian Prisons servicesPrisons services in many African
countries, including East Africa and Tanzania imtipalar, date from colonial times.
Working and living conditions for both prisonersdatmeir Warders (and their families),
most often are still in the same situations as teye left at the eve of independence.
Some have even further deteriorated. During coldimees, the prisons services, just like
any other services were meant to serve colonialests. With independence, however,
the mission and vision of the prisons services @gstvith any other government services
ought to have changed, however in many aspectshtheg not. Some of the problems
currently experienced by prisoners and the prisadsiinistration systems could be
solved by availability of good technical resourdég, most important of which is reliable
electricity supply through PV either alone or irbhy systems (i.e. PV in combination
with other energy resources). As mentioned elsesvimethis thesis, the principal uses of
PV electricity are in lighting and powering electio devices. The only difference is the
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application of the devices powered. In Prisonsisesysecurity and surveillancetake a
special role because of the nature of the insbituiiself. Lighting and electronic surveil-
lance systems acquire a special operative rol&ennionitoring of prison inmates and
maintenance of order among them. Telecommunicatiwhother ICT should also play a
very important role in day-to-day administration mison services. All these demand
availability of reliable electricity, albeit in lowower, at every prisons location. In these
circumstances, PV can play a decicive role andncake the difference between success
and/or failure of a corrective penal service.

» PV application in the Immigration services departmat: Most immigration boarder
post is located in remote places, far from majtiegiand/or human settlement stations
without adequate and reliable power supply. In ortte minimise operation costs,
electricity when supplied, is in such places dirieind only for use in official activities,
using small petrol generator sets. Immigration depent workers and their families
usually live and work for long periods of their igetlife under such circumstances. PV
either in stand-alone form of Solar Home SystemklS)$ or in locally integrated
microgrids using hybrid systems, may help allevifir misery. For PV use in official
activities the following examples will help illumate the problems and their PV based
technical solutions.

' , #h i/ /\W '
Fig. 3.6: The PV in use at the Tanzania- Kenya Boaet post at Namanga (by author, 2006)

Example: The Tanzanian Smart Card National ID System:Tanzania is now embarking on
establishing a National Identity card scheme basedSmart Card Technology which will be
used for identification of Tanzanian national aleigal immigration control among other uses.
(Kimati 2007); (Daily News 2007)his system may work well if all concerned autties had
their electronic gadgets that could read the candscommunicate with central data bases. Given
the electricity supply situation currently obtaigiim Tanzania, the smart card system may not be
effective in far flung and remote areas. On theeptiand with a few watts generated from PV
installations in the affected areas, these gadmgeishe very useful not only in control of illegal
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immigrants but also in other national economic\atoéis where citizens’ identification may be
necessary.

* PV application in Fire& Rescue servicesFire and rescue services are among the vital
services necessary for developing and maintaininigpr@nt economy because they help
in saving life and property both of which are vdligato their owners and the nation as a
whole. As stated under police and prisons serviéds,may be used in office and
administration work, in workers residences andeidfoperations and in other situations
where such services are usually necessary in cstanoes when and where standard
electrical services may for various reasons sonestinot be available. Marine rescue, for
example, may often be required at secluded remedehes or fire fighting in a building
in the city center, may serve as examples to fistthe point. In most cases whenever a
fire breaks out in a given building, electricitypgly is among the first services to be
affected. It is either deliberately or automatigadwitched off. In such circumstances
there has to be independently powered emergendyinigy systems. Such lighting
systems are usually run from battery power packsiwmay themselves be kept charged

by Photovoltaics _
3.3.11 Ministry of Planning, Economy and Economic Empowernent

There role of PV for lighting and powering ICT irov@rnment offices cannot be further
emphasized. However this ministry has a vital tolplay towards enhancing wider use of PV in
the country.The role of PV in economic empowerment of Tanzanigeople: can be
summarised as follows:

« Training of people in installation and managemen®¥ is a form of employment and
enables both instructors and learners to enhameititome earning potential.

e PV business enhances incomes of directly PV reldiegsinesses eg traders and
installation technicians & contractors.

* PV use enables other businesses through poweringowimunication devices (eg
cellphones), various production gadgets eg sewimgcliines) and lighting. Special
emphasis on PV lighting follows:

* PV lighting has an important economic empowermelg as it enables prolongation of
active time beyond sunset. This enables peopleadttx Vonger hours during daytime as
well as night time (as they are assured of nighninated evenings they can extend their
work time or reschedule some of the activitiestiime after sunset.

* PV enables education (PV lighting enables longedystime for students and evening
preparation time for teachers, because of avaitalof night lighting). PV also gives
possibility of using electronic edutainment fac##. Both these enhanced possibilities
synergistically enhance the quality of teaching E@aning and therefore the increase the
potential of learners for future higher producticapabilities and subsequently higher
income through better qualifications.

Planning for economic empowerment of Tanzanians tacquire PV systems:Since PV
systems are expensive, the government should desgs of enabling the general citizenry to
be able to acquire them. Tax incentives are alréagjace in Tanzania, through tax-free import
policy for PV equipment, but they still have loopd®in interpretations. Moreover, as banks are
not yet quite willing to lend money to would be Bystems buyers the government could plan
and set up a clear policy, training and other itiges for commercial bank officials so that they
can “see the light” and increase their willingnes$end money to equipment traders, buyers and
installers, so as to facilitate further use of fne®e energy.
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3.3.12 Ministry of Minerals & Energy

Tanzania is a rich country in terms of mineral tese endowment. It has energy minerals such
as natural gas and coal, industrial minerals, ptecmetals such as gold and platinum and gem-
stones such as diamonds and tanzanite. A compiligbepgture of the Tanzanian mineral
industry by 2003 is given byager (2003)in the US Geological Survey Minerals Yearbook
2003, available af’f]. Although not current, this report serves to @adé the actual wealth and
potential of the minerals sector to contributehia Tanzania’s economic development.

This Ministry has two major directorates dealinghaiEnergy and minerals respectively, but for

practical reasons, some mineral resources develugnaee dealt with under other ministries as

well. For example, development of the Liganga I and the associated Coal deposits at
Mchuchuma are dealt with under the Ministries afustry and Trade.

Trade in Energy minerals, together with other epergsources are regulated under the
directorate of Energy. In recent times, the Govemniihas established the Rural Energy Agency
(REA) and the Rural Energy Fund (REF) to facilitdte supply of modern energy services in
rural areas. According to a report B ON Analysis AB (200Hoth REA and REF are to be
regulated under the Rural Energy board (REB) amd tloles are delineated as follows: The
REF is to financially support Rural Energy Projeatspecially electrification whose
implementation is to be conducted mainly by thergig stakeholders under the auspices of the
REA. PV projects are among.

* Government sponsored regional PV projectsCurrently, the Government of Tanzania,
in collaboration with the Swedish International Blpment Agency (SIDA) are
undertaking a series of marketing promotion for ®Mar Home Systems (SHS) mainly
for lighting and home entertainment. Several prhsjeare under way, especially in
Mwanza region, South of Lake Victoria. More infortoa about one such project in
provided in the annex. In comparison to Tanzaniany& and South Africa are more
advanced in such projects

* PV use in the mining sector (e.g. small scale mimgnoperations & miners’ settle-
ments): PV can play a big role in the mining sector, batgé-and small scale. In con-
junction with rechargeable batteries (preferabliyIN), for example, PV can play a very
important role in use in underground mines operatesinall scale minersfrom power-
ing blasting equipment to lighting especially usligD lights. Given a proper commer-
cialising system, PV charged mining lamps basecefficient LED lighting could be
used by these small scale miners. A privately dpdr&V powered communal battery
charging business may also thrive in these areasticg further employment and im-
provement of living standards among the small soaleers. Such PV powerathder-
ground miners lighting will also contribute to improvement of the safstgndard in the
mines. In addition to lighting, PV may also be usedir compressionand underground
water supply for mining technologicaluses, as well as undergroumé¢he ventilation in
which in the case of small scale miners, a commboatommercial system may be de-
vised whereby the small scale miners do not neaaviest in complete systems but only
pay to cover part of the initial investment and floe services they use according to a
previously agreed affordable payment system. Fartthwork, a proper financing sys-
tem for initial investment and subsequent paymueiitshave to be put in place. This can
be part of the already existing (or soon to behdistaed) general banking system serving
the small scale miners. Currently the situationesy pathetic indeed. Among small scale
miners, safety standards are very low and operatsts are very high, a situation which
results in unprofitability of small scale miningt&dies and unnecessarily high acci-
dents, morbidity and mortality rates and resuliaoterty usually associated with small

% http://minerals.usgs.gov/minerals/pubs/country&&onyb03.pdf
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scale mining activities. Currently, small scale emsfor lack of proper tools use ordinary
surface torches with ordinary non rechargeablecetis which don't last very long de-

spite the fact that they are bought at very highgs; due to the remote location of the
mines themselves. Proper mine ventilation systemsnexistent, crude or outright im-

proper equipment are used. This researcher regallsit to a high grade Tanzanite (a
Gemstone) mine at Merelani, in Northern Tanzania, sy small scale miners where he
found some small air compressors running on pdteahg used by the more affluent
small scale miners for underground ventilation pggs.

3.3.13 Ministry of Agriculture, Food Security and Co-operatives

Since

the majority of Tanzanians live and work urat areas mainly in Agriculture, PV

activities under other ministries (e.g. ICT) impengn their life as well. In addition there are
strictly agricultural PV applications as follows:

PV in irrigation projects: PV powered irrigation projects bring great posgibs for
turning arid land into green areas, enhancing fad cash crop production and thereby
improving the economic welfare of the people. Thwe winning case of PV powered
drip irrigation, in Kalale Benin, can serve as aaraple applicable to Tanzania as well.
According to a report of the Solar Electric Fund&Elf) in Kalale District, Benin, in
collaboration with a local NGOjL'Association pour le Développement Economique,
Social et Culturel de Kalalé’is organised as summarized in the diagram in Fig 3.

Solar Micro-irrigation Project

Kalalé District, Republic of Benin
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Fig. 3

.7: A schematic representation of PV poweredrip irrigation at Kalalé (Benin) [ %]

PV powered irrigation in Energy plants cultivation: As said in other sections, it some-
times makes more economic sense to use PV in hgpsigms rather than in stand-alone
solutions. In some of these solutions green fuelsifenergy plantsb{ofuels) are more
preferred rather rather than fossil fuels. In sschutionspure plant oils (PPO), (eg Jat-
ropha oil) may be used instead of diesel, or inesother systemsthanol from starch or
sugar from plants (e.g. sugar cane), may be mix#d petrol for running small genera-

%5 SELF website: http://www.self.org/benin_solar gadion_project.asp
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tion plants and for transport vehicles. AccordingHongo and De Kayser (20059ome
studies (e.glnternational Energy Agency (2004show that by 2050 biofuels could con-
stitute 50% of transport fuels used by then. Th@aat based fuels may also be a more
profitable energy commodity for local trade and @xpln addition to generating em-
ployment and income for the farmers (thereby helgight poverty) the environment is
thereby saved by minimising emissions of Green lddBasses (GHG) as the plants are
carbon-neutral. But this business requires land @nagher management. According to
Hongo and De Kayser (200%) the partners for Africa newsletter (2005) oBlynil. Ha

of Tanzanias’ 18 mil. Ha arable land is currentiyuse, of which 0.3 Ha is enough to ca-
ter for Tanzania’s current energy needs [

* PV in refrigerated food storage and transport: As is well known, some foodstuffs
(e.g. vegetables, fish and meat) are perishablenaumst, therefore, be delivered to the
consumers as fast as possible and be protecteddebdenioration during transport and
also during storage at the initial, intermediatd &inal delivery sites. Cold storage is one
way of ensuring against food deterioration. In pkaevithout adequate supply of mains
electricity PV may be necessary to run the necgssairigeration systems during
transport and storage.

* PV powered aviation for agricultural research and pest (e.g. locust) monitoring:
Small unmanned PV powered flying vehicles can bedus agricultural research and
pest monitoring.Fig.3.8 shows an example of sucrelacle, which though originally
developed for space, (planetary exploration on MakVenus)l.andis et al (20013uch
PV powered, light and remote controlled aircratin de successfully used in tropical
agriculture to carry out unmanned aerial surveyspecial purposes.

e e e
e E—

Fig. 3.8: An artists representation of a small unmaned PV powered aircraft
that can be used for special missions (e.g. locisgiraying in agriculture)

* PV Power in Agricultural and Crop development reseach: PV can play a big role in
powering not only lighting in rural based resealalts and offices but the research tools
and equipment as well. Seen in Fig. 3.9 (a) andh¢bdunder is a rural based research lab
as contrasted to the real life farmers in whosa #re research may be taking place. The
two photos appear on the same document indicatingRésearch on a new edible
vegetable oil seed from tidlanblackiatree, native of tropical rain forests (sponsorgd b
Unilever Co. through a global partnership calledvéla Africa and the World
Agroforectry Center in Nairobi, Kenya)”.

2" http://www.partners4africa.org/docs/PartnersFoiaiNewsletter-May2005. pdf.
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Fig. 3.9: Scientific workers at the crop_researbhmter and farmers examining a newly

researched crop (Allanblakia pods )1

3.3.14 Ministry of Defence and National service

PV applications in and National Service campsin the military, PV technology is of

immense importance, especially in field conditiamgocations without available power
and for tactical reasons where noise from ordirfasgil fuel generators is undesirable.
As stated in activities of other ministries abo¥/ can provide affordable lighting,

charge cellphones and power radio and TV broadoastption as well as power
computers for administration and training actiatiea remotely located camps both for
the officers and/or rank and file soldiers and rtHamilies living with them in these

encampments. However, since most National Serviempgs also include production
units, in which heavy machinery may be used, thefirancial grounds, PV-(Bio-)diesel

Hybrid Systems would be better in these circum#anihan either stand-alone PV
solutions. The exact requirement for domestic affideoapplications are not different
from other buildings of the same nature elsewhere.

PV applivations in military barracks and staff residential buildings: Just as in the
case of National Service camps PV may be usedaff rétisidential quarters commonly
known as barracks. According to an article Dyadeus (2007)the Government of
Tanzania is implementing a “back-to barracks” caigipan which the government is to
build many residential quarters in order to hougshtary officers and their families,
currently resident in civilian areas. This offers @portunity to implement a sustainable
living program in which energy efficient buildinggtegrating PV could be designed and
built, both for economic and demonstration purposes

PV application in field-craft activities. PV can be an important tool in powering
residential quarters, office administration andrapenal communication for soldiers in
remote places. PV power for military field hospsté an obvious case, but this element
is dealt with in health services provision undee thinistry of health. Similarly PV
powered academic training for soldiers in matteot specifically military, is also
covered under in similar heading under the mirgstresponsible for basic education and
vocational training as well as higher education seeskarch. Basic health keeping, basic
education and adult education for soldiers and mditary members of their families
plays a very important role for any effective arsgrvice. Even more important is the
potential role of PV in charging batteries for e military communication, ordnance
survey and other appliances necessary for goodhipigrand execution of successful
military operations.

B http://www.worldagroforestry.org/downloads/AF%20ia@#ction/1%20A%20magic%20 recipe.pdf
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PV powered ICT based distance military training: The importance of distance learn-
ing using ICT (e-learning) for defence and secugs discussed at a congress in 2006
(Online Educa Berlin, 2006). Such online coursaddbenefit greatly from PV applica-
tion. The following points were on the training ada:

Military and naval applications of e-learning

Security applications of e-learning

E-Learning and security awareness

Emergency planning and e-learning

Online training for resilience and recovery

The business case for e-learning in defence andigec

Developing and marketing e-learning to the militang security establishment
E-Learning and security cooperation

Public / private sector cooperation

Measuring success

Network-centric warfare and e-learning

Online training for crisis management

Data, information and financial security

Public internet security awareness — case studigedJK and Finland
Procurement, contracting and standards

Securing applications

Language, security and e-learning

O O 0O O O O O o O o o o o o o o o o

Major events and online training

3.3.15.Ministry of Labour, Employment and Youth Development

The employment generation potential of PV:The PV industry has great potential for
employment creation and, therefore, poverty erdidica (alleviation) both directly and
indirectly. Some of the direct and indirect job kets that can be created by through the PV
industry are as enumerated hereunder:

Employment in PV product manufacturing, installatemd maintenance

Employment in PV powered fishing, fish storage #&madhsport activities (for further in-
formation on PV powered refrigerated transport, theePV refrigerated transport truck
project, by Prof. Bahaj of Southampton Universit [*).

Employment in PV powered production activities, dgiloring using PV powered
sewing machines, painting and related repair werkgiPV powered compressors, etc.

Employment in the services industry e.g. PV poweeatertainment, (cinema, video
shows, TV shows, disco, etc. in remote village®jtehlighting, commercial internet
facilities, battery charging, and nighttimes extethdhop keeping.

The potential of PV in enabling Tanzania and thst Rdrican Region to exploit the “off-
shoring” job market for ICT intensive jobs is na@tyully exploited. See market analysis
for such jobs atf].

29 http://www.civil.soton.ac.uk/research/researchdisp?ResearchGrantlD=275
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3.3.16.Ministry of Information, Culture and Sports

PV can help in powering the above mentioned sesvicepublic information, entertainment and
educational purposes. Powering of radios and TVadcasting reception in rural and
underprivileged urban communities is necessaryhab information programs broadcast under
this ministry’s auspices reach its destinationearyVithout a sure power supply for the listeners
and viewers, then the broadcasting effort will beested because the information will not reach
an adequate number of the target population. Treg pppulation without electricity supply does
not enjoy the cultural activities and festivitiagch as cinema, theatre etc that are usually taken
for granted in electrified towns. PV powered cuucenters and libraries could help uplift the
intellectual life of rural dwellers by offering thelive entertainment and increase their options
for knowledge gain. At the same time, this effortimprovement of the quality of rural life
could have a side effect of stemming the rural-anmegration tide that is currently taking place
in all underdeveloped tropical countries, becauseill help bridge the rural-urban divide. In
other words, ordinary people will be able to get #ame or equivalent facilities irrespective of
their rural/urban location and in addition, ruratallers will get the advantage of being able to
grow their own food and live healthy lives whilg@ying similar cultural facilities as their urban
brethren.

3.3.17 Ministry of Water

It is known from personal experiences that pipedews a “scarce commodity” both in towns
and rural areas. There are many problems leaditigigcsituation and certainly one of them is
“power supply”. Under normal conditions, energy i&alality for water pumping has always
been a big problem especially in rural areas. Hawnein recent years this problem is now
aggravated by the general lack of grid power resylin power rationing even at the big
pumping stations. PV along with wind energy could among the most environment friendly
methods of powering water supply that can easilydmessed in tropical developing countries
including Tanzania. Wind is highly location specifOn the other hand PV is one of the possible
solutions to the water supply problem that has goas$pects because of the sunshine that is
abundant in almost all tropical areas. As has lae@eply demonstrated by the KIUMA project at
Matemanga in Tunduru district, Southern TanzaniapBwers a well which supplies water for
the whole center. More details about this aspe¢h®fproject are given in the appropriate case
study. Another example is the Nigerian irrigaticheme described under Agriculture.

PV powered water supply projects in Tanzania:The water supply situation in
Tanzania leaves a lot to be desired. Available datav that in the year 2000 only 68%
of Tanzanians had access to safe water. Only 41%araf dwellers and 54% of urban
dwellers had improved sanitatioiGlobalis 2000) These data, however, speak of
availability, access and sources in general tenmasdm not describe methods by which
the water availability is accessed by the consuinoen the sources, or the convenience
with which water is obtained. As reported from dm@otsection of the same statistical
database’f]: the UNFPA’s “State of the World Population” repéor 2003, defines the
indicator called “Access to safe water” as “... thergentage of the population with
access to an adequate amount of safe drinking \eaigtred within a convenient distance
from the user's dwelling”. It goes on to elabordkeis:. “Convenient distance” is
subject to individual country-level definitions [this author's own emphasis] but
nevertheless goes on to rank Tanzania in termkiiridicator as the 6country from
the bottom on a worldwide scale. Then it goes orstite the importance of this
development indicator in the following statemerithé indicator is related to exposure to
health risks, including those resulting from impeopanitation”.

%0 http://lwww.oecd.org/dataoecd/35/11/34682317.pdf
31 http://globalis.gvu.unu.edu/indicator.cfm?IndiadB=147&country=TZ#rowTZ
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* PV powered cellular phones for water resource monitring and data transmission
The Bangladeshi examplePV powered cell-phone technology may be used bygtve
ernment Tanzania, (or its relevant executive agencyconduct research on water
resources such as monitoring water quality at wari@mote water sources, just as it has
been demonstrated in Bangladesh byEheh Institute of Columbia University under
the “Earth Clinic” program [?. Over the last several years, an Earth Institagearch
team and its Bangladeshi partners dramaticallyaeduhe exposure to arsenic of about
70,000 people by testing their wells for arsenrovmling health education, encouraging
them to share existing safe wells and by instaltiegp, safe community wells in fifty
villages. Using Earth Clinic funds, the researcanewill implement a more efficient
method oftargeting safe aquifers by using cell phones coupleto GPS receivers to
download relevant information from a large availabk data set and to continuously
update this data set with new field observationsThrough this project, the research
team hopes to contribute to a national strateglyatidresses the arsenic crisis throughout
Bangladesh. This example may be used in other geann similar situation such as
some parts of Tanzania. It goes without sayingitheémote places without conventional
infrastructure such as electric grid and land-lieeephony, PV is the most obvious
method for charging cellphone batteries. K.B.

3.3.18.Ministry of Lands, Housing and Human Settlements deelopment

* PV use in human settlements (both Urban & Rural deglopment) Some examples of
PV as used in human settlements are describedrie details in case studies for schools
and health facilities under staff residential fiieis. The approximate electric energy
demand for the whole of Tanzania is simply a mldtipf an individual house’s
electricity demand and the number of individual teinfor the whole of Tanzania
(excluding the residential electricity demand afiyeaccounted for under the respective
ministries i.e. primary schools and primary healihe centers opr dispensaries)

* PV powered ICT in land and settlements administratbn systems:The Ministries re-
sponsible for land and human settlements admitistraand its lower instances both ru-
ral and urban areas have a lot of administratitriies, such as land registration, land
rights administration, property registration andatson, as well as land laws enforcement
systems. In many countries, most of these actsvdire being computerized and intercon-
nected thereby establishing a Computerised Larafrirdtion and Management System
(CLIMS). Tanzania is not far behind. AccordingKeasi (2007the government of Tan-
zania, with some help from UN-Habitat and the QfyMoscow, is installing an Inte-
grated Land Management System similar to the CLtMScribed above which is aimed
at informing both government officials and foreigwestors about land and human set-
tlement matters. However the rural populations ahtually own and use the land but
have no electricity, have been forgotten. Theseplgeoannot access the information
unless they are able to get themselves “conneaadine. Similarly, without reliable
electricity, government officials at lower instasag administration, who are usually sta-
tioned in these areas without reliable power sugptyno power at all) or senior officers
on site visits and inspections in unconnected ataasot access the necessary site data
from their main database for verification purpodes;ause they would have no power.
On the other hand, given availability of PV powernay remote site, the picture changes
drastically. It now becomes possible to get land settlement information anywhere and
immediately upon demand. This greatly simplifiesnadstrative work and helps fight
corruption as well by elimination of technical “jglooles for corruption” (or, more po-
litely, corruption opportunities). Land administaat and distribution processes have

%2 http://www.earthinstitute.columbia.edu/news/20€a¥sl 1-01-04c.html
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been cited in some government reports as having hoapholes for corruptiofmianya
ya rushwa) (Nyalali, Warioba, Shivji)

PV powered street lighting in remote settlementsOne of the main aspects in enhanc-
ing the quality of life in human settlement is teecurity of the people and their
properties. One way of providing such securityrisvision of adequate street lighting at
night as a public service in order to deter crirre.this aspect, PV offers unique
possibilities as it can run for a long time withmmal human intervention. An example
of PV installation in street lighting is alreadysialled in a project in Sri-Lanka as part
of a relief operation after the Tsunami catastroph®ecember 2005. Some project
information about those activities may be obtaineder f. In that project, a high
pressure sodium discharge lamp is used. The dotsmt sight (going under the acronym
SSL 440) uses is powered through SOX-E technolbgystipplying 110V AC through
an inverter from 8 x 12V batteries with 120 Ah totapacity, fed by 8 x 55Wp
polycrystalline PV modules. A complete sheet ohtecal properties for a similar the
street light system is described und&: [

3.3.19.Ministry of Community development, Gender and Childen

The impact of PV utilisation in reduction of genderdriven inequalities. In many
traditional societies in Tanzania, there are geratet age distributed roles in which
certain activities are assigned to individuals adicw to their ages and/or genders. For
example fetching water, firewood and cooking ades®f females in many traditional
societies, while in some pastoral societies herdwafs is a role assigned to children. On
moving towards modern social organisation in sumtiedies, traditional gender and age
assigned roles are carried along, thereby hindedfigctive modernisation of the
societies concerned. For example, women would sgermg part of their daytime
looking for water or attending to other domestioras instead of engaging themselves in
financially productive activities. In other casesme children may fail to regularly attend
school or may even sometimes fail to/ be prevefitecth going to school altogether
because of their traditionally assigned duty taltgoats. Availability of technology that
eliminates the necessity, alleviates the gravity soich duties or speeds up the
traditionally long work, may go a long way towarlilserating these traditional role-
captive women or children and empowering them talide to engage in other activities
in line with the demands of a modern society susheagagement in financially
productive activities for women (this liberatingeth and their families from poverty) or
enhancing the ability of a child to regularly atleschool, thereby equipping him/her for
a more active role in society in future. A casenimd is water supply. If a PV powered
water supply system is installed in a village h¢refore, liberates all the women of that
village from the torture of a daylong search fortavaand gives them opportunity to
engage in other financially productive activitidsPV powered goat fence may liberate a
child from the necessity of hearding the animalslay long, thus liberating him/her for

'T‘%%O%pact of PV utilisation on child welfare: The impact of PV utilisation on child
welfare (especially immunisation, mother and chikhlth management and children’s
education, with special attention on female childseeducation) is well elaborated under
the activities of respective ministries (i.e. hkahd education)

3.3.20.Ministry of Natural Resources and Tourism

The role of PV in enhancing the tourist industry & summarised as follows:

% http://www.robertlipinski.com/projectSriLanka.html
3 http://www.robertlipinski.com/pdffiles/productflyg8SL400SOX250W. pdf
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PV in off-grid tourist centres: PV may be used in off-grid tourist centres for was
purposes and activities that need electricity. Saatlvities include lighting, refrigeration,
powering of various ICT items small communicaticgvides i.e. mobile and fixed te-
lephony, computers and the Internet both for teésirisentre administration office work,
as well as catering for personal needs of centr&eve and their families.

PV powered wildlife control and monitoring: PV may provide power for wildlife
control fencing and stationary wildlife monitoriregguipment. It may also be used to
charge batteries for mobile equipment. PV may bsduser powering water pumps at
wildlife watering points in remote areas in natibparks and game reserves. Venus type
PV aviation equipment such as those described uidgeculture may also be used for
wildlife monitoring and tracking. PV charged baigsrmay be used to power animal born
marking & tracking devices

3.3.21 Ministry of Finance

(Micro-) Financing systems for local PV market devipment: PV installations, are
relatively capital intensive, because of the ihitapital requirement for purchase and
installation of the gadgets, although there mayt®obig “running costs” after this initial
investment. This is one of the major obstacles idespread development of PV in
developing countries. It is the so called “Init@hpital Investment Barrier” (ICIB). For
this reason, commercial banks may have a big bssiopening, in lending this initial
investment capital to prospective PV system owndmsyvever, most banks either lack
the necessary knowledge of PV (and other renevwais#egy matters) or lack the political
will to take this opportunity to make their profitisrough lending money to prospective
PV installers. Some banks argue that the businestuke is too risky because of the
relative “poverty” of private individuals who aresually targeted by the existing PV
marketing systems. The Governments, through thairstnes of finance, could help a
lot if they could offer credit guarantees for P\&tialations for the various targeted
people and institutions. In the case of Tanzami#al contacts have already been made
by the Tanzania Solar Energy Association (TASEAJ aarious banks, but there is still
no firm commitment yet. Banks need not fear “therpeerson’s inability to pay”. Their
“inability” is usually overcome by their “willingrss” to pay as a form of investment for
a better future. Some examples can be taken fraenGhameen-Shakti Project in
Bangladesh, in which the Grameen Bank lends mamepor people for various projects
including PV installations through the Grameen ggesub-project. The Grameen Shakti
project facilitates Microfinancing, Installationystomer training, product guaranty and
Service guaranty for Solar Home Systems (SHS). Nidieemation about the Grameen
Shakti, Finscope and other Microfinace project aybtained in the annex.
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Fig. 3 10: The Grameen funded PV installation in Bagladesh {7.

* Financial and economic policy measures to enhancé/Ritilization: The Government
needs to be involved in financing PV and other gty in which PV plays a role. Quite
unfortunately, however, the Tanzanian financialt@ecs still apprehensive of lending
money to people and institutions for such projedisere is a need for Government
leadership in encouraging the banking system toptpm

e Utilisation of PV in the Tanzanian banking and micofinance systems:The
Tanzanian banking and microfinance system may tek@s use PV to power their
operations in remote rural areas and un-electrifib@n areas such as slums and informal
work places jua-kali) where the urban poor live and work. They consdita sizeable
chunk of the financial market that needs lookirng.in

3.3.22 Ministry of Foreign Affairs and International co-op eration

Cooperation between Tanzania and other countries PV development and provision
programs: The Tanzanian ministry of foreign affairs, in thharhework of its usual operations
can do a lot to foster good commercial environnanivell as academic, industrial and research
co-operation with many foreign countries in thddief PV and other renewable energy matters.
In addition, PV powered boarder posts with not Bdstan Community neighbours can play a
big role in enhancing regional co-operation.

3.3.23 Ministry of East African Cooperation

PV at intra-EA boarder posts, enhancing in regionalco-operation: PV installations were
observed at Namanga and Mutukula border crossigpss. These installations are vital in
provision of power supply for office work, officegghting at night. Further expansion of these
installations could cater for other life supportseyvices for boarder staff and their families. The
roles of PV in such circumstances could be as eratetw under respective ministries, e.g.
health, education etc.

Enhancing and Facilitating Regional cooperation andrade in PV related products and
services:PV market development activities are currently goam in all East African countries.
However, these activities are at different stagedeoelopment in different countries. There is a
need for cooperation and coordination of effortshis activity area just as in other areas. This
ministry could play a big role in the streamliniofypolicies and other activities in this region
related to PV and/or the energy sector as wholeh olicies could favour regional trade in PV
related products and services as well.

3 http://www.microenergy-international.de
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3.3.24.Non ministerial Government Offices e.g. Attorney-Gaeral’s Office

Development of PV friendly legislation: The Tanzanian Energy Policy document mentions
very briefly about renewable energy resources andnPparticular. However, this policy is yet
to be implemented in form of specific laws govemthis sector. The attorney general’s office
could facilitate in the development of such reneea&mergy and PV specific laws.

Government (and Intergovernmental) Autonomous ageries with PV installation:
* Tanzania Telecommunications Corporation (TTCL)
* Tanzania Railways Corporation (TRC)
* Tanzania Zambia Railway authority (TAZARA)

Other Autonomous Government Agencies with activitis impacting on PV in Tanzania
includes the following:

* Tanzania Postal Services Company (TPSC)
» Tanzania Bureau of Standards (TBS)

* Tanzania Weights and Measures Authority, (the Taiara Government office that in
part performs functions equivalent of the GermareEY)J

» Tanzania Meteorological Authority
* National Environmental Management Council (NEMC)

* Energy and Water Utilities Regulatory Agency (EWURA
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Summary of Chapter 4 Selected case studies for the most visible pud@iwices,
namely: Education, Health & Public Administratiddsing statistical calculation of
demand and supply by PV, this chapter presents atepth analysis of electricity
requirements in the necessary activities for adequaovision of the above
mentioned selected public services. In each caggi@al small unit e.g. rural school,
dispensary or public administration office, is sald and a PV supply solutions is
worked out, then the result is extrapolated for teole country based on the
available statistical information.

4. SPECIAL CASE STUDIES: EDUCATION, HEALTH and PUBLIC
ADMINISTRATION

After the general ministerial roundup in the prangdchapter, in which the potential for PV
utilization in government services was discussedhis chapter we discuss in more details the
potential for application of PV in special publiergice sectors, namely Education, Heath, and
Public administration on case study basis. Thesethields have been selected because they are
sectors that are more directly felt by most peoplenore detailed presentation of this analysis
follows hereunder:

4.1. SPECIAL CASE No.1: EDUCATION

4.1.1.Introduction to the Tanzanian Educational System

The formal education system in Tanzania is orgahise one main stream with several
branching-off parallel streams as follows:

* Preschoo] to which children may be admitted around the @fgiéeve, are not obligatory.
Although there are government directives concerrtimgm, preschools are not state
controlled. Each school is allowed to follow thewn syllabus.

* Primary School, lasting for 7 years is the first officially mandd educational stage and
is nominally obligatory for all children 7 yearsdoand above. Primary education ends
with a nationally administered Primary School |legviexamination, on which selection
to the next educational phase, the Secondary scsdmsed.

» Secondary School followsmmediately after primary school and runs in tvemgequent
stages:

o Ordinary level (O-Level) Secondary school (4 years)
0 Advanced level (A-Level) secondary school (Highauh?2 years)),
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» University Education, starts after the A-level and is offered on in&ional standards
with:

0 Bachelors degrees,
o0 Masters degrees and
o PhDs and other research degrees.

In addition to this mainline direct education sysiehere is also:

* Vocational Training and Education: These are formal sub-professional and semi-
professional job training institutions for artisartechnicians and other personnel to
which a person may go either after primary or sdeaoyn school depending on the
complexity of the job in question.

Other non University professional and semi professi Education Institutions (colleges and
institutes) offering various programs at the enavbich graduates obtain certificates, Diplomas,
Advanced Diplomas, depending on their level of ymind duration of studies. Many of these
colleges, however are not administered under theistmes responsible for education and
Vocational training, or Higher Education, science @aechnology, but administered under other
ministries or by professional organisations accggdito their line specializations. Such
institutions include the following:

e Teacher Training Colleges

e Nurse Training colleges

e Medical Training Colleges

e Agricultural Training Colleges
« Wildlife Training Colleges

» Colleges of Accountancy

» Police Colleges

» Military Training Academies

As a rule of thumb, vocational schools take théirdents after primary school for courses
ranging from 3 months to 3 years, and graduateairoldertificates differentiated or graded
according to duration and content of courses. Qelealso take students from O-level secondary
schools offer certificates after 2 or three yeaaming, while those that take students after A-
levels give (ordinary) diplomas after 2 year coarard advanced diplomas after 3 year courses.
Under the current system, however, these cours#lede certificates and diplomas), however
are not adequately recognised by the universitiegys, and therefore do not generally qualify
their holders as direct university entrance quadiions but serve only as added advantages.

Fig. 4.1: Traditional schoolin'g (Iefi) and modern sooling using ICT (right)

PV application is a key enabler for successfulafs@formation & Communication Technology
(ICT) and can thereby revolutionize the teachindp&rning experience in tropical developing
countries from the early beginnings.
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4.1.2.The Current Tanzanian Education picture
By the end of 2002 the education picture in Tarzaras summarized as follows:

According to a study report by ILO-IPEC and thenthleanzanian Ministry of Labour, Youth
Development and Spor(d.O-IPEC 2003)in the year 2000/01 there were 11,965,146 children
of ages between 5 — 17 years in Tanzania, of wbiti about a half, i.e. 6,802,951, were going
to school. That represented a national averagelgfa6.9 % of all children of that age group in
that year. However, in rural areas, where about 8d%he population lives, the ratio is even
lower, i.e. 53.1%. On educational facilities, acling to a different report by Joseph Mungai,
(Mungai 2000)the then Minister for Education, in the year 20Ghzania had 11,654 primary
schools and 927 secondary schools.

Since then, primary school enrolment figures havanged for the better but not so much for
secondary and higher education. According to thestaavailable data, from the Basic
Educational Statistics (BEST) 2003-2007 issueduimeJ2007, the school demographics were as
follows: The total primary school enrolment in 20§&ndard I-VIl (ages 7-14) was 8,316,925
with a gender distribution of 4,215171 boys and /B3 girls, an overwhelming majority of
whom were enrolled in government supported prinsatyools. Interestingly, a number of non-
government primary schools had meanwhile sprungaking a very small minority of young
learners (about 0.1%). The distribution of peopiepre-university education was 7.8% in
Preschool, 81.9% in Primary schools and 10.1% ico&&ary schools. However, only 0.2%
were in Teacher Training Colleges (TTC).

The official standard for space requirement fodsetis in Tanzania is around 45 students per
classroom in primary schools and 30 students pessobom in Secondary schools. Although due

to lack of facilities this standard is never follesy we use this guideline to estimate an average
classroom to have at least 40 students, therebyrayrat a conclusion that these students would

require at least70,074classrooms.

TANZANWA EDUCATION PYRAMID
ENROLMENT IN PUBLIC SCHOOLS
BY LEVEL, GRADE AND SEX
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Fig. 4.2: Primary and Secondary school enrolment iTanzania, 1961, 1977, 1999
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page 4-3



Other statistical data on education from the Migistf Education up to 1999 as obtained from
[*9, indicate milestones achieved in enhancing eneolnand gender balancing in primary edu-
cation. The following graphic representation of duicational pyramid from the same site (ac-
cessed 11. Dec. 2006) shows that great efforts be@e made to promote education and gender
balancing in education.

4.1.3.Energy in the Tanzanian Educational system

Energy in schools in Tanzania is used mainly farkaog, powering of mechanical devices such
as transport machines, pumps etc as well as lighainnight but most of this energy is not
electricity. . However, electricity is preferablerfnight lighting, and absolutely necessary for
running electronic equipment such as radios, TVhmaters and their peripherals and networks,
and other teaching and learning aides. It is aledun refrigeration and air conditioning but
devices for such purposes are rarely used in Témzachools. In some cases, especially in post-
secondary colleges and higher learning institutiongities, air conditioning may be seen to be
used mainly as a status symbol rather than a mefaeatisfying real human comfort needs,
although such needs may actually exist in warm-kdyptaces such as Dar es Salaam.

As one move higher up the education ladder, scHmmtsme more rare, distances from home to
schools increase and therefore the need for andispyo of boarding facilities becomes
relatively greater. Currently, although the goveemtnis trying hard to promote construction of
more day secondary schools near children’s homet,abcombination of factors such as
availability of qualified staff and other amenitiestill hinder this progress and, in contrast,
encourage more intense utilisation of existing weses, thereby generating more requirement
for boarding facilities at/near existing /old p@simary learning institutions such as secondary
schools, vocational training centers and otheregel. This, in turn, creates conditions for a
more intense demand on energy, including elegtrinithose centers.

4.1.4.Electricity demand in Primary schools

Along with lighting in boarding schools, the mostportant use of electricity in schools will be
the powering Information and Communication Techggl@lCT) hardware i.e. computers, their
peripherals and networking hardware as well asrddaehing/learning aides. Computers (either
standing alone or, better still, networked) caro dde used for administrative purposes both in
schools and related government offices at regiandldistrict levels. Availability of the Internet
in our school systems can revolutionize educatipgiting students and staff an extra resource
for obtaining, storing and transmitting informatidar teaching and learning. The importance of
computer networking, recently underscored by somewkedgeable Tanzanian entrepreneurs,
Ali Mufuruki and AmiMpungwe, when they said, among other things, “Gone aredtys of
individual computers”

Fig. 4.3: Various models of the XO computer from tie OLPC project

% http://www.tzonline.org/pdf/basicstatisticineddoat pdf
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We see various projects sprouting up at nationahimstly at international levels, e.d][ Real-
ising the importance of ICT in modern educatiorg iedia Labs of Massachussets Institute of
Technology (MIT) in the USA, have launched the @aptop Per Child (OLPC) program which
has developed especially cheap laptops for childremderdeveloped countries, which specifi-
cally designed to be affordable and rugged sodhidren in target countries can use them both
at school and at home. Special design (e.g. no ti&f) and production location and scale
(Shanghai, China) have contributed to make themtively cheap at US$100.00 per piece ac
compared to the current US$ 1000.00 per piece tfegrdaptop with comparable performance.
(However in a country with many people living labsn US$ 1.00 a day, this price is still
difficult for many parents). In the top photograpie power supply problem was addressed by
introducing an internal hand wound generator. Hawethe question of power supply for ICT is
not being fully addressed. PV has a great rolddg @s a power supply option both at individual
PV level and in powering computer networks and lldcéernet station. ICT as a tool in
Education and ICT Education itself are nowadayshmnc/ogue.

4.1.5.PV as an Electric Energy source for Education in Tazania

The points of activity and research on the rolé”bbtovoltaics in the Tanzanian educational
system may be summarized as follows:

* PV powered ICT in Education, actual situation anteptial
* PV in other aspects of the Education system (eg#&thn administration)
» Training of PV specialists (installation and mairgace technicians)

It is to be noted that with propdaylighting design, no artificial (electric or otherwise) ltgig

Is required in Tanzanian classrooms during daytimoers. Currently most primary schools in
Tanzania aréday schools” so they generally do not need any electricityliginting purposes.
However, there are a fetboarding schools” in this group, mainly organised by missionaries
and other volunteer services to take care of educaf “children with special needs” such as
with physical and/or mental handicaps or whose parents cannot keep them at home for
various reasons. Children benefiting from this mgeament include the salvaged fornisireet
children”, children innomadic tribal areasand those from relatively well-to-do families whose
parents have opted to give special education icafled “English medium schools”, otherwise
variously called “academies”, “junior academies™iaternational schools”, but such schools are
not commonly available in many places. These dad tighting at night.

In future, more lighting will have to be instituted many rural primary schools. It is the
contention of this researcher, that in the effortaise education standards in Tanzania, one of
the hurdles, namely provision of adequiaching and learning spacewould be overcome by
more intensive utilisation of the existing building, not by cramming more students in the few
classrooms during daytime but by extending the tohetilisation of buildings into the night.
This can be achieved, for example, by institutintyva shift schooling system whereby the
evening shift would have tetudy for a few hours more after sunsetSuch a system had
already been introduced in urban areas but wappedabecause of safety concerns for students.
However, with careful planning and probably reiduotion of boarding facilities in primary
schools, this system can be resumed.

It is also possible to use primary school buildifgssome hours during the night to offer other
forms of education such aslult education anddistant learning or even village entertainment.
Thus the degree of utilisation of the existing stasm buildings stock can be greatly enhanced
if nightime utility were to be installed. In thergblest terms, this would involve night lighting of
the classrooms. Given the tropical conditions pfexpin Tanzania, night lighting is easily
achievable using Photovoltaics.

37 www.laptop.org
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Besides the traditional application of lightingetmost important application of PV in tropical
schools is that of poweringnformation and Communication Technology (ICT) in teaching
and learning applications. There are two scenamitise use of ICT in schools. The first scenario
is that a few electronic gadgets are used mainlyelaghers in acquisition of information for
teaching purposes and/or demonstration to studemikich a whole class shares just one gadget
operated by one person for others to observe. €bensl scenario is the hands-on learning
method in which each student (or a small group ea@ persons) works with their own
computer. For effective teaching both methods rbastised depending on what is being taught.
Given other constraints going on in Tanzania, ia$ unreasonable to think of an initial phase
whereby each school can first have at least onepatan then later each school gets one
classroom fully equipped with computers and otlagilities for ICT training purposes. In the
latter case we are speaking of about 45 compuersghool, whereby 41 computers are used by
the 40 students in any one class and their teaciner,the remainder are used by other staff
members elsewhere in the school. In the interestnakimizing use of resources, such a
classroom may be used by students of one clasdimteain two hour shifts. It can, therefore
serve five different classes of students per dalythis means it would be fully occupied for say
10 hours per day. Computers are becoming more preffigient almost by the day. Currently
the most energy efficient group of computers aptolas. In the interest of energy efficiency,
laptops are hereby recommended for use in solap®Wered tropical classroom. With this
scenario in mind energy requirement for a typicilo®l are presented following calculations.

4.1.6.Calculation of PV requirements for a single primaryschool

According to this author’'s estimates, a typicalsstaom able to comfortably house about 40
students will have approximately 4G fioor area, which is sufficient to house not ostydents
and their teacher but a few teaching and learniidlg as well. From thence the energy
calculations will be based

a) Power for ICT in a single primary school.

Bearing in mind the fact that the main demand flectecity in primary schools in tropical
countries such as Tanzanian is driven by ICT iimportant to consider the main target of
deploying PV in primary school as being the neepawer ICT. From the foregoing section, it is
assumed that only one classroom is a specialiseghui@r laboratory equipped with 41 laptops
and that another 4 laptops are used in the sclowohdministrative and teaching preparation
activities making 45 computers working 10 hours gay. Assuming a fully connected (with
peripherals and network gadgets) consumes a pdvedronit 100W, the total power demand for
ICT in a school will be 4500W and the daily electanergy demand will be 45000Wh/day.
Besides the occasional need to charge a cellplioae, is no other demand for electricity during
daytime hours. This indicates that the best ogworpowering ICT in most rural primary school
is stand-alone PV.

FromHankins (1995)t is known that many places in Africa experiercdaily solar harvest of
between 4.5 and 6.5 peak hourg) (4.5kWh/m?/day) and for fail-safe stand-alone, B\é best
practice to assume the worst conditions of 4.5 geaks per day. With such an insolation, a
demand of 4500 Wh/day will be covered by 45000\Bii4= 10000y of PV modules. This
implies a requirement 100PV modules @100Wp. (Adawely, for ease of transport and
delivery to site, manual un-mechanised installataond availability in local market conditions, a
lower PV module wattage rating may be selected witlorresponding increase in the number of
modules. For example 200 PV modules@5pW

In addition to the modules, batteries are requioedtorage of electricity and stabilisation of the
supply. Although batteries are described in mortaitdein chapter 2 of this thesis, for purposes
of storage capacity estimation, some reasonablergg®ons must be stated here. With batteries
a 12V or 24V DC system voltage may be selectedteBatypes differentiated by depth of dis-
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charge (DOD) among other parameters may be seldefeehding on availability in local mar-
kets, costs or other logistical considerationsgémeral, the required battery capacity is calcu-
lated by this formula:

where Q = Requiredbattery storagecapacityfAh]
Q= VVXU W = Useableenergystoragedemandn [Wh]
V =systemvoltagdV]
n =depthof discharg€% or decimalfraction)

From this formula it can bee seen that the storemmacity is influenced by the depth of
discharge. In most current cases of terrestrialsiZ8fems lead-acid batteries are used, of which
two major types are most often encountered: eheinary automotive lead-acid batteries at a
50% allowable depth of discharge (DOD) or speaalideep cycle solar batteries with an 80%
DOD. Also worth noting is the fact that there is need for an extra increment in battery
capacity as a safety margin because the systembéms calculated on the worst scenario
assumptions of a minimum insolation in the worsintho Moreover for a school system, there
are extra days with no work at week-ends and puibicdays. The Solar gains on these days
also contribute to the energy storage margin thragarging without discharge.

In the case of the primary school example, theegfitre requisite battery capacity for ICT would
be as given in table 4.1 below.

Table 4.1: Required battery storage capacities (iAh) for required ICT in a single
primary school in Tanzania according to battery type and DC system voltages.

Battery type Standard Deep cycle
System Automotive battery “Solar’battery
Voltage (DOD = 50%) (DOD = 80%)
12v DC 7500 4687,5
24V DC 3750 2343,75

This means that for ICT alone, if a 12V DC systenitage is chosen, then each primary school
will require 75 automotive batteries @ 100Ah orspécialized deep cycle solar batteries. It is
worth noting here, that in the case of use of aotora batteries in 24V DC system, the system
is achieved by series connection of two standard hatteries. This means, therefore, that
although the calculated capacity is halved, theaatumber of batteries in the 24V system will
be the same as in the 12V system if the originahlmer of batteries in the 12V system is even,
otherwise it will have to increase by one piecerabe required number in a 12V system. Of
course the actual capacity will also increase.

The number of batteries may be reduced if highétebacapacities are selected (especially in
the case of deep cycle solar batteries). Worthngois also the fact that it is possible to obtain
2V “cells” of different capacities for deep cyclpegialised solar batteries. Thus users, system
integrators or installers may “assemble” battedesther system voltages and capacities espe-
cially if they decide to use inverters so as fdegrtcomputers from standard AC voltage. How-
ever, due to inverter influence (inverter efficigre97%) the requisite battery capacity may have
to be increased by dividing the DC capacity by 0.9f@e possibility of using AC also enables
use of modules of higher rated voltages. The mduaiatage of higher voltage is the possibility
minimising energy losses through the “Joule effdaating thus enabling use of thinner and
longer wires, in turn this gives flexibility of dding and system design for location of the vari-
ous components. The only major limitation to bgttand module size is the human handling
capacity which is dependent on the degree of mésdiaon available during system installation
or in case of other necessary handling for whatettegr reason such as during maintenance or
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repair after accidents. This should be an importamtsideration factor in PV installations in
rural areas of Third World countries.

b) Power for lighting in a double shift primary sc.

As stated earlier, primary schools usually workyathring the day. However due to pressure for
expansion of the education system as explainedeal@wvevening shift may be introduced. If it
is decided that the primary school buildings bedusere intensively and an evening shift
instituted, then it would be reasonable to increagseschool’'s PV capacity by the increment in
energy demand due to the evening shift. . Sinceteaing shift begins in the after noon it can
also be organised that no ICT runs at night so ¢kahing energy demand is for lighting only.
With standard illumination using fluorescent ligigj a consumption dcEOW/m? is acceptable.
So a classroom of abodd nf would consume abouwt00 W only. Excluding other external
factors, an afternoon shift, beginning at abouD20éh (14:00 hrs) will be able to have done a
reasonable day’s work commensurate with that ofnleening shift by 10:00 pm (22:00 hrs).
Since in tropical areas the sun sets soon afted prd then it is reasonable to suggest that
lighting will be required from 6:00 pm till 10:00np This gives us a reasonable estimate of
about 4 hours requirement for classroom lighting werking day. So the energy demand for
classroom lighting will betOOW x 4 h/d= 1600 Wh/dfor each classroom in this program. A
typical primary school in Tanzania has about ergins of classroom size working at the same
time. Therefore the total energy demand for ligiptof the classroom area during the evening
shift would be given by the following formula:

W, =dailylighting energydemandor theschoo[Wh/day]
P = lighting powerdemanderclassroom= 400W

n =numberof classroom$or theschool=8

t =dailylighting duration =4h/d

W =n*P*t where

WhenceW = 8*400*4 = 12800 Wh/day

Using the same arguments as for ICT above, we assumnimum insolation of 4.5 ffdl). This
means under the worst conditions, satisfying thevabmentioned demand in a single primary
school we shall require 12800(Wh/day) / 4.5/dh= 2844,4W which boils down to about 29
PV modules@100Wp.

Battery capacity demand for classroom lightinginested in the same way as for ICT gives us
the following results:

Table 4.2: Required battery storage capacities (iAh) for required lighting in a two shift
primary school in Tanzania according to battery type and DC system voltages.

Battery type Standard Deep cycle
System Automotive battery “Solar’battery
Voltage (DOD = 50%) (DOD = 80%)
12v DC 2133,33 1333,33
24V DC 1066,67 666,67

This implies that for lighting up a single primasghool for 4 hours after sunset using 12V DC
systems voltage, one may require either 22 staralaamotive batteries (DOD 50%) or 14 deep
cycle “solar” batteries (DOD 80%). A 24 V systemuda cut the mathematical capacity by half
but without lowering the number of batteries if tucapacity remains constant. Only their con-
nection system changes. As stated before in the ehstandard automotive batteries or 12V
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packaged deep cycle batteries a 24V system must &imeven number of units. If a standard
AC system (220-240V, 50 Hz AC) is preferred, thea tequisite battery capacity will have to be
slightly increased by dividing the DC capacity h9Drepresenting the 97% efficiency of most
currently available inverters. Worth noting is tlaet that for lighting fitments standard AC ap-
pliances are usually cheaper and more readily availon the market than equivalent DC appli-
ances. For large systems, therefore, it may maiandial sense to consider investing a little
more in battery capacity and inverters in ordege an AC system.

4.1.7.Estimate of PV requirements for primary schools inthe whole of Tanzania

From the latest available statistical data (MOEMJI0?2) there were 15624 primary schools in
Tanzania in 2007. If each school requires 100 Pdutes @ 100 Wp and 47 deep cycle solar
batteries @ 100 Ah for running ICT then all primasghools in Tanzania would require

1,562,400 such PV modules and 734,328 such battiniea 12V DC system voltage. If an AC

system is preferred then appropriately poweredrieve must be introduced the batteries will
have to be increased to 757,040.

If a 2 shift schooling system is introduced in timary schools in Tanzania, then an extra
45096 PV modules and 176,736 deep cycle battemegdwe required. Similar to the ICT case,
if an AC system is preferred then appropriately g inverters must be introduced the battery
pack will have to be expanded t0182,202 units.

It should be noted here that although preferabiteafi modules and batteries to be similar in
both cases, it is not absolutely necessary. Thigsgioom for improved versions to be used if a
phased implementation plan is preferred.

4.1.8.Energy demand in Secondary schools

Secondary schools in Tanzania have almost the sameegy demand patterns as primary
schools, but are slightly more complex. As distiftom primary schools which generally have
one stream per class, secondary schools usualbydeneral streams per class, which are usually
designated by alphabetical letters A, B, C, D &tcaddition to ordinary classrooms, secondary
schools have many specialised buildings such asrdédries, libraries, workshops and
administrative buildings. Being fewer and, therefolurther away from students’ homes and
requiring higher qualification staff who may commerh ethnic origins further away than in
primary schools, most secondary schools tend te Inaere boarding facilities for students and
dwellings for their staff, that are almost alwaysachigher standard than in the case of primary
schools. For this reason Secondary schools haigharlrenergy demand per school. This energy
demand in secondary schools usually takes carbeofdlowing needs: cooking, lighting, air
conditioning, water pumping, running electronicoirmhation and communication (ICT) devices
e.g. computers, TVs, radios, cellphones etc. Amalhthese needs lighting and ICT needs have
a special importance and are the most likely toeberdrom PV. In this thesis, therefore,
treatment of PV application in Secondary schootsi$es on lighting and ICT requirement.

For calculation of electric energy demand in seeoypgchools, standard plans of some typical
secondary schools buildings, supplied by the TamamaMinistry of Education and Vocational
Training, were used. They are separately preseatet] attached in the annex. Generally
speaking, while the buildings may differ in plardarea, they are typically of the same layout in
that they are all elongated in one direction andeha veranda to one side to facilitate
movements between different spaces (classrooms,dt) within the block without being too
much exposed to external elements, mainly raindamgdtt sunshine.
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The typical daily energy consumption pattern oftsacsecondary school center, is a fairly low
base load running ICT during the day, followed hyredictable higher peak load between sunset
and about 10:00 p.m. (22:00 hrs) followed by amdwegver but constant base load for the rest of
the night till morning. Given this electricity dendh pattern ahybrid system combining PV,
diesel generating set and battery storage oveca foicro-grid is more appropriate. Ideally, in
such a hybrid system PV and battery storage cordhbiith a Diesel generator set modified to
run on bio-fuels such as Jatropha Oil, would bearappropriate in many Tanzanian situations
and in many tropical developing countries wherallaan be made available for cultivation of
bioenergy plants without jeopardising land avallgbifor land for food growth and other
sustainable land uses. Jatropha plant is not neMrica, but according t&sehrman (2007)its
use as a bio-diesel source has now put it to newamsl this fact is raising hope for many

Africans.
4.1.9.Electric Energy Demand in Vocational Training Schots, Teacher Training and

Higher Education

The electric energy demand pattern in Teacher if@icolleges (TTCs) is similar to that in
Secondary schools but only the figures are higleeabse the students, being of a higher age
group and a nominally higher social class, havgdorworking hours in which they use more
energy for lighting and ICT and in some cases nmoeerful machines are used for both
training productive processes. As a stated eaitighe case of secondary schoolshydorid
systemcombining PV with other electricity generating t®yss is recommended and in ideal
conditions a hybrid system comprising of PV andsBleggenset modified to run on biofules such
as Jatropha Oil, or wind energy would be approgrigor purposes of demonstration.

4.1.10 Examples of Hybrid Systems sporting PV with Diesalunning on Jatropha Oil

Some good examples of such hybrid systems inclndeMbinga Sisters Convent, and the
KIUMA Project in Matemanga, both in Ruvuma RegidnSmuthern Tanzania. The KIUMA
Project is a multipurpose undertaking incorporatingostpital, various schools and community
development subprojects, whereas the Mbinga Coragsject runs a girls vocational training
school. According to available data, the PV-Jateeph hybrid system at Mbinga has the
following parameters:

» Solar generator output capacity: 8.1 kWp

* Modules: 81 Schott Solar ASE 100-GT-FT

* Energy inversion: 3 Sunny Island Sl 4248s and h@uoy SB 3300s

* Energy storage: 3 OPzS battery units with 800 A& ¥ each

« Plant oil generator: 30 kW power unit with Kubotagine and Mecc-Alte generatdf][

4.2. SPECIAL CASE No.2: HEALTHCARE

All health care activities in Tanzania are conddddy both government and private (voluntary,
religious and commercial) organisations under thepmes and direct supervision of the
Ministry of Health and Social welfare.

4.2.1.Background information on comparative healthcare bulgets between developed and
underdeveloped countries

Healthcare provision in Tanzania, is conductechanftamework of the worldwide international
healthcare system. According to th&orld Health Report 2007 (WHO 2007)as illustrated in
Fig.4.4 below, Africa (including Tanzania) is disportionately vulnerable to health risk factors
of international concern.

% Renewable Energy Made in Germany* (2007): wwwigan-renewable-
energy.com/Renewables/Navigation/Englisch/Biomasse-studies,did=183292,render=renderPrint.htm|
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Fig. 4.4: Events of potential international publichealth concern by WHO region, Sept.
2003 - Sept. 2006

However, at a global scale, we see that theregieat gap in health expenditure between high
income industrialised countries and low income t®iag countries. The annual per capita
expenditure on health care in Africa is a fractanthe finances available in the high-income
countries. When introducing any technology thisénggp should be considered. For example,
according to a European research group on apptepnealth care technology for the Third

World (HEART), operating from the Netherlands anceri@any, the annual healthcare

expenditure in industrialised countries of Europe &merica is of the order of US$ 1300 per
person per annum, as compared to under US$10 psompeer annum in sub-Saharan Africa
where Tanzania belongs. (Fig. 4.5)

Annual per capita expenditure on health care
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400
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oLl FTEr Cou Tt
Fig. 4.5: Per capita expenditures on healthcare fdDeveloped and Underdeveloped

Countries [*9]

UsD

This gap, given the fact that over 80% of the warldopulation live in underdeveloped low
income countries is further amplified as summarisei. 4.6 .

%9 HEalthcare through Appropriate and Reliable Tetboyw (HEART)
http://www.heartware.nl/rsrch.html#rsrchgoup
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So in order to improve the situation, innovativeywanust be found, one of which is to have
solar energy, both PV and solar thermal contrilgutastively in medical care efforts. PV may
help in supplying power for some basic medical psses that require electricity as the basic
energy input and solar thermal assisting in arelasrevthermal energy is the required energy
input form. The most important areas of health iatstration that can benefit from PV
application are, lighting, medical refrigerationarius diagnostic tools, operative medical
telecommunication and health administrative commation. Lighting in healthcare is
applicable in various hospital spaces such as ttmguooms, operating theatres, laboratories,
patients’ wards and health workers’ residentialdesu Solar thermal energy, on the other hand,
may be used in steam production for sterilisatibmedical equipment and supplies and similar

apflications.. _ .
4.2.2.0verview of the Healthcare system in Tanzania

Health provision system in Tanzania is organisedysamid, with a strong focus on rural areas
where the majority of the people livegillage Heath Postsare informal community based
healthcare organisations with at least two elevtiaigers providing mainly preventive services
after a short training. Then the first formal curatand preventive services are provide®est
pensarieswhich are supposed to take care of between 6,008,000 people and to supervise
all Health Posts in their respective ward.waArd, in this case, is a political administrative unit,
two steps below a district). A dispensary is heablga trained practitioner, the Rural Medical
Aide (RMA) helped by one or two trained Grade Bsas and nursing assistants who may or
may not have rudimentary basic health training.igpénsary already has specialised buildings
and basic medical equipment (some of which maydweeped by PV). There are also ambula-
tory public health and clinical services condudbgdVother and Child Health (MCH) units
which take special care of expectant and new metagmwell as their children up to the age of 5
years. However, these are not separate institubobhspecialised units within dispensaries and
other medical care institutions. They are usualiffed by members of their parent organisa-
tions. They usually work at different places onezsally appointed days according to a preset
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timetable. After dispensaries coniealth Centers which are supposed to cater for around
50,000 people each. These are more equipped irs tefersonnel and physical infrastructure
and equipment. Above Health Centres cdbmgtrict Hospitals of which at least one is manda-
tory for every district. In case of new districthiish may not yet have their own Government
District Hospitals, agreements are made betweerGitnernment and some religious or other
voluntary organisations operating a hospital indtstrict so that such a hospital may be elevated
to the rank of d&Designated District Hospital” and receive special support in terms of financial
subventions and qualified personnel attachmentth Botual and designated District Hospitals
must have elaborate physical infrastructure, gealipersonnel and equipment. Above District
Hospitals comdregional Hospitalswhich are even more equipped in infrastructurejpgent
and personnel including specialist medical pramigrs and services. Each administrative region
is supposed to have a Regional Hospital and wheeralffor new regions) such services may be
rendered from a nearby regional hospital or throaiglesignated regional hospital as in the case
of districts. Above Regional Hospitals corReferal or Consultant Hospitals of which cur-
rently there ar@nly four in Tanzania, two being Government owned and two being from rel
gious organisations but Government supported.

Table 4.3: Tanzania’s health services provision phsjcal infrastructure in 2000 [*¥]

Facility Agency

Govt. Para- Volunt./ Private Other

statal Relig.

Consultancy/Specialized Hospitals 4 2 2 0 -
Regional Hospitals 17 0 0 0 -
District Hospitals 55 0 13 0 -
Other Hospitals 2 6 56 20 2
Health Centres 409 6 48 16 -
Dispensaries 2450 202 612 663 28
Specialized Clinics 75 0 4 22 -
Nursing Homes 0 0 0 6 -
Private Laboratories 18 3 9 184 -

Juntunen (2001)summarizes development of the Tanzanian healthcgem since
independence to modern times and gives the latagahble statistics as follows:

“At the early stages of the independence in 19&dret were 22 health centres and 875 small,
meagrely staffed and equipped dispensaries opeogtixtal authorities. The average number of
people served by each dispensary was 11 700. Weseeabout 100 hospitals, 40 of them run by
voluntary agencies, such as churches. The physicraorking in the country numbered 415,
only 12 of whom were Tanzanians, and there werer@&0 medical aides. Total number of
nurses was 1400. (Aarniklat al. 1980, Unicef 1990.) Fhe present national health care sys-
tem includes 8500 village health posts, 3000 MCHimics, 2644 dispensaries, 260 health
centres, 98 district hospitals, 17 regional hospita.and 4 referral hospitals.(Finnida 1992).

The population per health facility is 7500:1 and #atistics show that there is a shortage of
trained health care professionals in the countgy, opulation per nursing staff 1000:1 and per
physician 23 000:1 (Ministry of Health 1996.). Tdh@vernment health units often face a short-
age of trained manpower, inadequate facilitiesdmgs, and low staff motivation. A user fee

0 Ministry of Health Statistical Abstract, as quotatithe ministry’s official website:
http://www.tanzania.go.tz/health.html
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for government hospital services was introducetd®3. Private health facilities are being es-
tablished in increasing numbers, especially in ndr@as. (Chiduo 1991, Kiwara 1994.) “

As to Medical personnel, table 4.4. provides ketadar the year 2002.
Table 4.4: Tanzanias list of medical personnel ag 8002 [']

Indicator Quantity
Physicians (number) 822
Physicians (density per 1 000 population) 0.02
Nurses (number) 13,292
Nurses (density per 1 000 population) 0.37
Dentists (hnumber) 267
Dentists (density per 1 000 population) 0.01
Pharmacists (number) 365
Pharmacists (density per 1 000 population) 0.01
Public and environmental health workers (number) 1,831
Public and environmental health workers (densitylp@00 population) 0.05
Lab technicians (number) 1,520
Lab technicians (density per 1 000 population) 0.04
Other health workers (number) 29,722
Other health workers (density per 1 000 population) 0.82
Health management and support workers (number) 689
Health management and support workers (density 0 population) 0.02

4.2.3.PV use in Health Services provision

PV may be used in the healthcare system in vaneaygs such as direct use in hospitals, in
healthcare administration offices at various leyglght from the ministry to the lowest primary
care unit) and for powering communication amondthezare facilities, personnel and between
healthcare facilities and other public service araies.

4.2.4.The smallest unit: Electric energy demand for dispesaries

As seen from the table above and in all the stegistlata quoted abovdispensaries being the
smallest units professionally equipped that are the most adokesso the people, play an
important role in the primary healthcare systenTahzania and the whole of the East African
region. If dispensary services are improved thropgivision of PV electricity for basic power
supply to run such basic facilities, great serviéhave been rendered to the people.

At present those basic services where PV may play an importde in primary healthcare at
dispensaries include the following:

* Night lighting in wards and

* Night lighting in emergency services at night (esaky in maternity and delivery
facilities)

“IWorld health organisation (WHO) key indicator &bl
http://www3.who.int/whosis/core/core_select_proagfas?country=tza&indicators=healthpersonnel&intY essl
ect=all&language=en
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» Refrigeration systems for cold chain vaccine andio# supplies storage and transport.
(a good sampling of modern medical refrigeratiortsjrsome of which can run directly
with PV and standard ones that may run on PV thraag inverter in between may be
found at 7))

» Lighting for basic microscopy in small diagnostiedical labs available at these dispen-
saries.

* Charging of cellphones for occasional communicatadnmedical staff with higher
authorise or with peers in neighbouring medicalilifaes and in other government
services.

» Domestic power supply for resident medical staffifmy for lighting and some home
electronics such as radio and TV reception).

In future additional services that my be added to the abosetioned include telemedicine, i.e.
computerised information handling and/or audioissammunication, between individual
medical personnel in different medical facilitiggared at solving immediate medical problems
without necessarily always resorting to the medietdrral procedures which may be financially
expensive and time consuming, factors which maymtiea difference between life and death of
the patient at the worst or unnecessary prolongatiorelief of suffering of the patient at the
very least.

4.2.5.Actual dispensary case study: Kishanje Dispensary

Because of the importance of dispensaries, enezgyadd for dispensaries is calculated using
the example ofKishanje dispensary, Bugabo division, Bukoba RuralDistrict, Kagera
Region in North—-Western Tanzania.

The physical infrastructure at Kishanje dispensaciude the following:

» The main dispensary building with a centrally lechbutpatient waiting room, flanked
by one consulting room on one side and a dispernsing dressing room on the other.
The consulting room also serves as an administratifice and documents storage room,
while the dispensing room serves as a storage ffoordrugs, injections room, minor
theatre and mini laboratory. The 3 rooms are apprately 20 m? each, totalling 60 m2.
Other important gadgets in relation to PV energgudation in this building include a
small vaccines refrigerator (Dometic RCW 42EG) andicroscope currently using a
standard 6V 18A 108 W microscope illuminator buEDW 18/a 6/v). With proper
laboratory design and sample preparations, it iit @bssible to use ordinary light
microscopes for most diagnostic tasks. Alternagiveh case artificial lighting is
necessary, light emitting diodes (LED) becauséeirthigher energy efficiency are most
appropriate for microscopy in PV powered dispemsarilt is just a question of time
before the prices for LED lighting devices for nascopy are sufficiently low to be more
widely applicable in such medical units in ruraas.

* The main wards building with two sides, the mald &male wards with 10 beds each,
(approximately 2x 5x10=100m?2)

* The maternity wing, with a specialised labour wgtd m?), neonatal ward (60m?2) and a
midwives’ office (12m2).

» Other buildings related to patients’ care at Kigbagispensary include the patients’
kitchen (used by visiting relatives), (12 m?2) aratipnts and visitors’ toiletry house with
separate facilities for men and women, each comgrisf a pit latrine (2m?) and wash-
room (2m?2).

“2 http://www.dometic.com/templates/fp.aspx?id=496
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» Staff housing facilities include the Clinical Agsist’s residence house and nurses’ resi-
dence house both with one living room and two bedr® each, plus one separate kitchen
(approx. 9m?3) and a detached toilet house to essidance comprising of and pit latrine
(2m?) and a bathroom (2m?). The rooms in the maumsk have these typical dimensions:
16 m2 for sitting rooms, 12m?2 for bedrooms

Electric energy demand at this dispensary is frting, powering of small medical gadgets such
as refrigerators, microscopes and cellphone chargs well as demand in staff residential
quarters has been calculated using excel (sheehet) and found to be as follows:

Energy for lighting in patient care unit ......................... =.5.672kWh/d
Energy for lighting in staff residential quarters............... = 1.016 kWh/d
Energy for refrigeration and other running elecgacigets..... = 2.720kWh/d.
Total electric energy demand at Kishanje dispensary....... = 9.408kWh/d

4.2.6.PV requirement to satisfy the single dispensary emgy demand

The efficiency of PV cells ranges between 9%- 16%@aimorphous and Monocrystalline silicon
cells but for complete modules the overall efficigis lower. The best commercially available
polycrystalline modules however have an averageieficy of 13%. As argued before, based on
Hankins (1995), for stand-alone PV we assume dwdavests of 4.5 kWh/m3/d, and module
efficiency of 13%. So, to satisfy a need of 9.4 KiWbne would need 9.408/4.5/0.13 = 16.08 m?
of PV polycristalline silicon PV modules on thangle rural dispensary. Conversely, given low
mechanisation in tropical building and installasone take the currently decide to use 59 W
polycristalline silicon modules and given 4.5 péakirs per day, we may satisfy the demand by
having 9408 /4.5/50 =41.8=42 modules@ 50Wp for a dispensary such as one at Kishanje.

Energy storage

For electric energy storage, we may assume a 124drdistributed storage system based on
wet lead-acid standard automotive batteries wittebas with 50% depth of discharge (DOD) or
specialized solar batteries with 80% DOD as in ¢hse of schools. However, in the case of
dispensaries, work is assumed to be full-time witheeek-ends or public holidays. So we do
not have a day without work in which batteries niy charged without discharge. For this
reason, we may prudently accept a 2 days powenyssppurity margin on our battery storage
system. We may therefore calculate the requiredgéocapacity as seen in table.

Table 4.5: Battery storage capacities (in Ah) for pwering a dispensary such as one at
Kishanje according to battery type and DC system Jitages.

Battery type Standard Deep cycle
System Automotive battery “Solar’battery
Voltage (DOD = 50%) (DOD = 80%)
12v DC 3136 1960
24V DC 1568 980

At 12V DC system voltage, such a dispensary requi8d Ah but this capacity is modified by
the battery type used and the energy security deggquired. In case of use of automobile
batteries @ 50%DOD and 2 days’ energy security,nb&lled battery capacity must B&36

Ah (=32 batteries@100Ah). In the case of specialde€ep cycle solar batteries at the same
system voltage and energy security provision, tteeby capacity installed would B®60 Ah (=

20 batteries @100 Ah). As stated in the case ohgny schools before, at 24V system voltage,
the mathematical capacity would be halved, butrilnaber of batteries will be the same, only
connected in parallel strings of pairs of serieansmted batteries for 12V pack batteries or
parallel connections of strings of 12 series cotetkcells for deep cycle individual cells @ 2V.
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4.2.7.Electric power and energy demand for all dispensaés in Tanzania.

According toJuntunen (2001in year 2000 Tanzania had 2644 dispensaries. Asguafl these
dispensaries to have the same requirements asrifastthese dispensaries in Tanzania would
have an energy demand 24,874.752 kWh/day(= approx. 24.9 GWh/day) boiling down to an
annual energy demand of 9079284,48 kWh/annum &20@Wh/a) which can me provided by
111048 PV modules @ 50Wand 52880 deep cycle solar batteries@100 Abver 12V
systems.

In order to really appreciate the value of PV fagiwen activity at a given location, the cost of
PV should always be evaluated in comparison witheotlocally available options of of
electrification. A recent World Bank study give® tlollowing comparison indicators:

Table 4.6: Comparison of typical costs for electrity supply types in Africa

Electricity supply type Cost (USD/kWh)
Grid : Line extension for 50 km for 50 households 0.30
Grid : Line extension for 1km for 50 families 0.17
Diesel generator : 50 families receiving 25kWh/month 0.50
Micro-hydro : At capital cost of USD 15 000/kW capacity 0.15
Solar PV 0.25

Improving Energy supplies for two billion people,ovid Bank, Washington, 1996 (Forslund et
al. (2007)

4.2.8.Energy demand in other medical facilities & service

From the 1995 statistics, by then Tanzania had pulption of 27,941, 103 persons sharing
31,636 beds in all health facilities in the countnyaking the population per bed ratio of 883
persons per health facility bed. Definitely the plapion has since then increased. The latest
available statistics indicate a population of apprately 36,308,000 for 2004. Assuming a
commensurate increase in hospital facilities piowisit is possible for Tanzania by that date to
have 36,308,000/ 883 = 41,119 beds in all healthlitftas. Using these figures and the
approximate space requirement of about/bed we come to the approximate hospital ward
space requirement of 5* 41,119 = 205,595 m

District hospitals and other medical institutiordmoae district level are usually located in urban
areas and therefore connected to electric mainthisncase PV though useful may not be quite
obligatory. But for dispensaries and health centeisst of which are located in rural areas, PV
may be the only reasonable means to provide afibedaectricity to power various equipment
and services such as:

* Night lighting: From the 1995 statistics projected to 2004 asegliabove, for example,
205, 592 m2 of hospital ward space were requiretienwhole of Tanzania. This space,
when lighted for about 5 hours per night at 5 W/mduld consumé, 139,875 Wh/d
(i.e. 5,140 kwh/d) only in the whole of Tanzaniaking the worst sunshine conditions
of 4.5 h/d (peak hours per day), this means a requiremedtl42194.4W (1,142.2
kW) of PV modules to satisfy the lighting needs ih @dtients wards in all health
provision facilities in Tanzania. On the other hahdve considered average sunshine
conditions of about 5.5 hp/d then the PV modulaiiregnent for the same lighting load
would fall down to 934522.7 Wp (934.5 kWp)

* Medical refrigeration: Each small refrigeration unit used for medicalgmses (such as
vaccine storage, blood banks etc) consumes apfpr@xkWh/day. It should be noted
here, however, that in the field of medical refregeon, in some cases gas and kerosene
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powered refrigerators offer strong competition 4. FForslund & Syngellakis (2000)
quoting a 1991 WHO large scale survey in their ENLEBoroject paper comparing PV
and Gas refrigeration have found out that gas pedvaredical refrigeration was cheaper
compared to the PV powered alternative.
(http://'www.enable.nu/publication/D_1 1 RETs_ovempel) The comparison is as
showen on table 4.4

Table 4.7: Vaccine refrigerator: lessons learned t'm large-scale programme survey,
Geneva (WHO, 1991)

Cost Annualized costs
with discount factor
(14%)
PV Gas PV Gas

Investment
Total investment 5050 1000 1135 140
Running costs
Gas (1 bottle/wk) 260 260
Maintenance/yr 50 30 50 30
Total annual cost (discounted) 1185 430

Fig. 4.6: PV in child vaccination in Kenya [43]

» Diagnostic tools many diagnostic tools, laboratory equipment atiebioclinical electric
and electronic equipment and installations, e.gtrifages, microscopes etc are usually
low power appliances that can be easily and ecatadipipowered by PV directly or
through PV charged batteries. More information @liechnical details (including power
consumption) of medical equipment can be obtaimech fspecialised selection aid sites
such as MEDCOMPARE http://www.medcompare.com/sgiotlasp?spotlightid=117 or
from manufacturers, dealers, international suppliBiagnostic centrifuges for example

BESRI http://esri.energyprojects.net/
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range from 100W-200W (e.g The Model 614B, 6-Plkoeed-Angle Centrifuge from
Drucker Co)

* ICT in medical care (telemedicine or e-Health) telecommunication facilities com-
puters and other information storage and commubitatystems for use in medical care
are very good candidates for PV applications bexanfstheir relatively low power
demand. Incorporated or installable energy storagehanisms can be of great help in
view of the users’ lack of control over sunshin@ditions. In spheres of medical care
from medical supplies logistics and administratioroperative patient care PV and ICT
can work together like twins. PV can power the infation and Communication
Technology (ICT) in the health sector internet dcilitate data communication within a
single office or hospital and between differentic#$ and hospitals over the internet or
other communication networks. Such programs, ciMely called e-health programs,
already exist in other countries such as Austréfighe Australian e-health system, for
example, different financing programs and grants given to facilitate broadband
internet connectivity for healthcare purposé&$. [In recent times, the European Space
Agency (ESA), realising the importance of ICT indioal care in Africa has set-up the
Telemedicine Task Force (TTF) for sub-Saharan Afaad have developed the HEWS
for epidemiological monitoring and control, whicphpdies satellite communication The
system has already been tested in Angola amongsotiued found to be suitable
especially in remote areas where the standardat@lecinication systems are either
malfunctional or totally abserfParentela 2008)YESA supports efforts to protect public
health and safetyf]. An ESA newsrelease on 17 November 2008 (Accesagrte day,
17 November 2008). A complete SWOT analysis of l&jplication medical care in
Africa was reported byAsamoah-Odei et. al., (20QMowever, without reliable power
supply, ICT would not work well.

PV in public health enhancement:A lot can be done using PV in the public health dom
Health campaigns in ordinary electronic media,eoample, would be could be enhanced by PV
power supply at remote reception areas. Some attdamors e.g. the Clinton Global Initiative
CGI'[*] have already noticed this potential and are agtiemgaged. PV electricity is very
important for running electronic devices, which amvadays used more and more in medical
care, right from preventive services, through dasgs and treatment of disease and finally in
convalescence and care of people suffering fromceff/results of disease, disablement and old
age. In addition electronic devices such as compuite example, are useful as a virtual reality
simulation tools used in the training of medicarge@nel both at campuses and remotely.
Training of health personnel has a great impagpublic health as well. Finally, the role of PV
in clean water supply and the importance of cleaastew supply in good public health
maintenance cannot be overemphasized.

4.3. SPECIAL CASE No.3 PUBLIC ADMINISTRATION

4.3.1.The Tanzanian public administration system

The United Republic of Tanzania is a compositeesta&de up from a union of two former sov-
ereign states, namely the Republic of Tanganyikenprising mainly of the mainland part, and
the Peoples Republic of Zanzibar comprising maailywo big islands, Pemba and Unguja off
the East African coast, adjacent to Tanganyika.type of unity government for the United Re-
public of Tanzania is a bit unique. Quite unlike tiell known federal systems of government
with separate government for each federal state @lsingle union/federal government, the Tan-

“ http://www.health.gov.au/internet/wcms/publishimgf/Content/health-ehealth-broadband-grants.html
“ http://www.esa.int/esaTE/SEMGBL4DHNF_index_0.html

4® Clinton Global Initiative (2006):“Global Health” Wking Session I
http://clintonglobalinitiative.net/NETCOMMUNITY/Pagaspx?&pid=444&srcid=444
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zanian union government is organised under a twe@monent set-up under which, there is a
“Union Government” which caters for both union amdinland matters together as well as an
autonomous “Zanzibar Government” which caters fatters pertaining to Zanzibar alone. Re-
gional administration and local Government hapdenise a non-union matter and so there are
separate administration systems, namely for Zanzibder the Zanzibar autonomous govern-
ment and for the mainland, under the union govenint&o unless otherwise expressly stated,
further discussions about administration underuhien government will actually pertain to the
mainland alone.

Tanzania is administratively divided into 26 Re@d21 on the mainland and 5 on Zanzibar).
The regions are further subdivided into 114 Dissrighich are administered through 133 District
Councils under District Executive Directors (DED3$he districts are mainly rural, but some
urban centers, mainly regional administrative headgrs, have district status with a separate
administration where the “Town/Municipal Councilnder the “Town/Municipal Director”
serves as the equivalent of the rural “District @ali under the DED. The rural districts far
from regional headquarters are administered frorallstawns within their jurisdictional area,
excapt for the district surrounding regional heattprs which is itself administered from its
regional headquarter town, albeit housed in a sépaoffice building designated for that
purpose. The city of Dar es Salaam has the stdtasregion, with its own three districts of
Kinondoni, llala and Temeke, which are administt@if considered as Municipalities within
Dar es Salaam city. The distinction between a “Towilunicipal” and “City” status is based
on population size and other economic factors @neiasing order respectively. The Districts are
further subdivided into “Divisions(Tarafa), of which there are 516 in the whole of mainland
Tanzania. TheTarafas”, are further subdivided into “Wards” (call&@ta on the mainland part,
the smallest governmental administrative units garakting into the above named “Wards”.
The “Mtaa” (singular of“Mitaa” in Kiswahili) is the urban equivalent of the rundillage

Administration and Local government (PMO-RALG) (201 2007), there are 10,344 villages,
1755 urbanMitaa organised under 2555 War@kata) in Mainland Tanzania. Most of these
grassroots and low-level administrative instancesat “powered” in the sense that they do not
have access to grid electricity, and to those #mat connected to electric mains supply, the
electricity itself is not as readily available asudld normally be expected. Sometimes you have
“blackouts” or “brownouts” for hours, days, weeksewen months at a stretch. Lack of access to
electricity especially below district level, is agbhandicap in all government administrative
work not only in Tanzania, but in many other tr@pideveloping countries as well.

4.3.2.Energy demand and supply in public administration

From the fact that most government offices workyashliring daytime, (officially 08:00-14:00
hrs non-stop), and considering the fact that thel Ies tropical, if public offices are well
designed, then they should not have an energy dgrf@n“lighting”. However, there is a
marked need for air conditioning, cooling in coasti@&as and even cooling in some highland
areas. These thermal energy needs can best besseldinesing other methods beyond the scope
of this thesis. However, to mention just a few gr®wne may consider constructive methods
(e.g. materials and components, orientation, featsh, insulation etc) and/or direct thermal
energy application methods (e.g. solar-thermal-theanal and sustainable fuels, all of which
have technologies for both cooling and heatinghtWation, both natural and forced, as well as
taking advantage of diurnal (day/night) changesldi@lso be important to consider in building
comfort management, especially in combination wh#nabove mentioned methods.

Considering PV, although it may be used for vetitita especially in combination with other
thermal control methods, its main general applcatn public administration, however, would
be supplying powering in those areas and activitieere electricity would be the only or best
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form of energy input. Traditionally, the “usualpg@lication of electricity in government admin-
istrative buildings at many levels is consideredéofor lighting and in some extremely lucky
circumstances, powering of refrigeration and aimdiboning systems. However it is the conten-
tion of the current researcher that the most megdmirapplication of electricity at all levels of
public administration would be to power ICT. Thiswid enable the long overdtiaformation
revolution” in the whole government administrative system from the lowest instances of
for regional administration and local governmemiB*RALG). Any administration is heavily
reliant on horizontal and vertical flow of infornmat through communication (i.e. same level
and up-&-down in hierarchy, respectively), withinetsystem. The administration process in
many states in the world is slow and cumbersomautuss of the slow flow of information and
inefficient information storage and retrieval syste This problem is aggravated in many Third
World countries, including Tanzania, partly becaokéack of use of modern information man-
agement tools and methods, which in turn are hgasiiant on availability and security of elec-
tricity. The electric energy demand for public adrsiration for rural areas of Tanzania is esti-
mated as follows:

According to data personally obtained by this redeer from the Prime Minister's Office
responsible for rural administration and local goweent (PMO-RALG), by August 2007 in
urban settlement@nitaa) 2555 “wards”(kata) and 516 “divisions’(tarafa), below 133 district
councils under District Executive Directors (DED’'3he de-facto government policy actively
implemented since independence was to strive forigion of mains grid electricity to “at least”
district headquarters. Although this policy is riolly implemented to-date, at least there are
visible efforts being made towards this goal. Irstidict headquarter towns where mains
electricity cannot be provided from the centralisedional grid system, it is being provided in
using localised diesel generators running on pairal diesel. Below district level, however,
availability of electricity is considered only a®ayl-luck. Although it is known that some
district headquarters (especially the newly esshelil ones) do not have electricity, and that
some local government offices below district le¢@bpecially in urban areas including some
kata and mitaa offices in fact do have (or can be easily proviaeth) electricity, for lack of
accurate data and only for the purpose of thisishege have to make the following
assy m%ﬂocﬂgtrict headquarters have mains electricity
» all government offices below district level in batiral and urban areas also do not have
mains electricity

» all public offices at and above district level wibwer their activities (including ICT)
using mains grid electricity. (much as we knowsierratic and sometimes unstable).

* itis only those public administration buildingsid@& district level that actually need PV
for powering ICT in their work as a matter of alhdelnecessity. They also need PV for
their residences assumed to be similar to thoskedailth personnel.

e the necessary ICT equipment include at least otegnet connected computer (laptop)
with a multipurpose peripheral serving as print@arser-copier-fax in one appliance.
Although the peripheral is normally not constantiyuse, its power demand (given for
Brother MFC 420 CN All-in-One Printer, Copier, Soan & Fax by the manufacturer as
4/6/29W in Sleep/Standby/Peak modes,
http://philadelphia.craigslist.org/ele/970639146ht is assumed to be around 20 W
working constantly together with its computer. Té@mbined power demand of this
complex is estimated at 120W

» the duration of ICT use is differentiated along therarchical gradient with the lowest
use at 4 hours/day in villages and urban settlespgjijt & mitaa), 5 hours/day at the
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ward (kata) level and 6 hours/day at division (tarafa) levidie rest of the time the ad-
ministrators are doing other activities such as ingalsite visits and attending to local
community needs in their jurisdictional areas. Ttmse schedule is only average because
the higher the administrative rank, the biggerjthiesdictional area, therefore, the more
the reliance on transmitted information and theytant would take in case of a site visit.

» The working week is 5 days but when public holidayes also taken into account, we get
250 working days a year.

« all governments offices below district level arermmad by at least a single individual
therefore need at lest one residential house @r dificers

Electricity demand for public administration at the lowest level (the smallest unit).
From the above mentioned assumptions can be ctddullaat the public administration system

and its peripherals, for only four hours a day, mgkL20 W*4h = 480Wh/day per village or
urban settlement. This electricity need for vidagdministrative ICT would can be covered by
480/4.5 = 106.7 W (or 2 PV modules@55yy and 480/12=40Wh of battery storage (=2
automotive batteries @ 40Ah or 1 small deep cyalteby @ 50 Ah).

Assuming that the administrative personnel workimthe above named posts reside in buildings
similar to those of health workers and have sinelactricity requirements, namely 728 Wh/day
per household (naturally they don't cook with eletty) Then the maximum total electricity
demand per administrative official at the villagedl would be 480+728 = 1208Wh/day, which
would be covered by 1208/4.5 = 268.4, (¥3 standard PV modules @ 10QVénd 1208/12 =
100.7 Ah (=2 automotive batteries @100Ah or 1 statidleep cycle battery @135Ah). It should
be noted that staff residences are occupied everydduding week-ends and public holidays
(365 days a year) while administrative officer afeéduty on week-ends and public holidays
making only approximately 250 annual working d&yse.there is a reasonable energy security
margin because if other assumptions remain congkent the actual energy consumption is
somewhat less than the calculated resources whijcim iaddition, based on the solar harvest
average for the worst month in a year.

Electricity demand for public administration at national level

Given the number of administrative units as sta@dier and the assumptions made above if we
take care of ICT and residential needs for only 344 villages \(jiji), 1,755 urban
settlements(mitaa) and 2555 “wards” Kata) and 516 “divisions”(tarafa) according to the
assumptions indicated above we get the resultsdasated in table 4.5 and table 4.6 below

Table 4.8: Energy demand for ICT in Tanzania’s pubic administration below district

level
use
Unit dura- energy PV power Battery
Number | power tion demand required capacity
[Units] W] [h/day] | [Whiday] Wp] [Ah]

Vijiji 10344 120 4 4965120 1103360 413760
Mitaa 1755 120 4 842400 187200 70200
Kata 2555 120 5 1533000 | 340666,667 127750
Tarafa 516 120 6 371520 82560 30960
TOTAL 7712040| 1713786,67 642670
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Table 4.9: Energy demand for residences of Administtive personnel below district level

Unit use Total
Energy | dura- energy PV power | Battery
Number | demand tion demand required | capacity
[Units] | [Whi/day] | [h/day] | [Wh/day] [Wp] [Ah]
Vijiji 10344 728 | N/A 7530432 | 1673429,3| 627536
Mitaa 1755 728 | N/A 1277640| 283920,0| 106470
Kata 2555 728 | N/A 1860040 | 413342,2 155003
Tarafa 516 728 | N/A 375648 83477,3 31304
TOTAL 11043760| 2454168,9| 920313

The question of provision of fast communicationtegss from simple cellphones to computer
networks, made available to these same officessilisiot yet being debated. Although one may
cite the lack of awareness on the part of someofbpial senior government decision makers
about current ICT possibilities in public admington, the question of provision of reliable
power supply to run these informatics tools id atgerious issue to contend with before any idea
of provision of such electronic gadgets can evethbaght about.

At present, mains electricity is available at Ddttevel, (albeit intermittent and unreliable). In
most instances below district level, mains elettyrics not available at all, especially in rural
areas. This means all modern ICT based communicag@edgets from simple cellphone
communication to the Internet and its derivativeshs as e-mail, through realtime on-line
communication commonly referred to as “chatting’attual videoconferencing cannot be used,
because they are all powered by electricity, eittieectly or through rechargeable batteries.
Traditionally electric mains are absent and rechalote batteries are cumbersome to use without
recharging mains. Non rechargeable batteries gpensie. However, technology is moving
faster than tide. It is now possible to surf théetnet over modern third generation (3G) and
fourth generation (4G) cellophanes, which are diyeaeginning appear on the World Market
including some remote rural areas in Africa. Altgbuhese gadgets are still to make their way
into government business as usual they are alreatdying private business circles and “circles
of Prestige” at least in some quarters in Afridathe governments of Third World Tropical
countries including Tanzania are to benefit froms thformation Technology Revolution and be
able to harness the power of these gadgets, theg ha way except to come up with a
reasonably affordable power supply system for powethis small electronic communication
devices. This is where PV technology comes in handy

In this situation PV comes in as a unique solutiorthe low power electricity supply needs
typical of ICT demands. PV provides the necess&gtrcity to power the above-mentioned
administrative-communication gadgets and facilitefsany size. For example, the pictures
hereunder show PV gadgets suitable for chargingllsogiphones. In some commercial
arrangements these PV modules maymseketed together with the cellphonegust in the

same way as wall-plug charging adapters are cUyrbahdled together with modern cellphones
they are needed to power.
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F|237 V b-(')-vveredh(;eTlpcharging sytems fmo Photon Technology Inc. ]

Larger ICT systems may require roof mounted or detefy Roof Integrated PV systems and
appropriately matched storage systems, to be peduvidgether with those ICT systems they are
meant to power. The secret of the game liethenmarketing not of PV as a separate power
supply system but rather in the marketing of compl&e service systems with matched PV as
their power supply option. In most instances, government administeatrork is usually carried
out during daytime hours, just as stated in thee azsprimary schools, in properly designed
tropical buildings, the question of office illumi@n using artificial light sources during daytime
working hours should not arise. There are many lagnting options for both residential and
indoor working spaces, that can be used. Howewevery special circumstances, or in cases
where office space is intended for night use pwpp®V lighting systems may be included if
necessary.

4 http://www.photontek.com/
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Summary of Chapter 5: Based on the calculations made in chapter 6 almekar
picture of the solution is presented in form of tbencept of integration of
Photovoltaics elements into buildings thereby repiga conventional building
elements with those that generate electricity iitazh to their more traditional role.

5. INTERGRATING PV MODULES IN TROPICAL BUILDINGS

5.1. The Concept of Building Integrated Photovoltaics (BPV)

Photovoltaic modules are said to be integrated anbwilding, when they are mounted directly
onto, or form part of a building element, e.g. eafde, wall, roof etc. There are three ways of
achieving BIPV.

* The PV modules being mounted on top of a buildieghent
* The PV modules being integrated into a building porrent.
* The PV modules replacing the whole or part of dding element.

In all cases, in addition to generating electricByPV seeks to offer some elements of
“additional value” to the building. In the formease, the additional value can be aesthetic and
prestige. In the middle case the PV can improvetthaitional functional performance of the
component in which it is integrated, in additiongood aesthetics and prestige. For example a
thin film PV layer on a roof shingle or tile camodeer the shingle or tile more weather resistant
and/or watertight. In the latter case, in additio@nhancement of aesthetics and prestige, the PV
modules must take over the function of the buildadgment they replace. For example, a PV
integrated window must perform all the functionstleé traditional window such as selective
admission of daylight into the building, offeringternal view, facilitating natural ventilation etc,
while at the same time continuing the wall functioh forming (or demarcating) a barrier
between the inside and the outside. A PV integredetlin addition to generating electricity and
providing good aesthetics and prestige, must asfopn the traditional functions of a roof such
as protection of the inside from direct sun and.ri all cases it is important that the part @& th
building onto which PV is located be designed tmdi¢ from maximum exposure to solar
radiation. This in turn influences the orientatiminthe building or the element in question, the
absolute and relative sizing of the PV-holding edetrand element, etc.

5.2. Specificity of tropical BIPV

5.2.1.Tropical solar geometry

As distinct from its behaviour in the temperate gowhere sun skirts around the vertical axis,
tropical sun goes from East to West directly thiotlye Zenith or with very small seasonal dec-
linations to both the North and South. The diagrdofiswing below, graphically illustrate the
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difference in Solar geometries between tropical t@ngperate regions, and to support the authors
argument for a special design tropical BIPV. As barseen from fig. 1.6, in tropical areas there
are slight seasonal variations in solar declinatmhbhoth the North and South each year whereas
the solar declination in temperate areas, e.g.rartd, Germany, is always in one orientation,
only seasonally differing in maximum daily sun elgégn angle. This main distinction of tropical
solar geometry from that in the temperate zonak@MNorthern or Southern hemispheres, has a
strong bearing on tropical BIPV which, as a resuliist differ from temperate BIPV.

5.2.2.Criteria for Assessing the Solar Energy potential ba Locality

There are several ways of assessing the solaryepetgntial of a given place or object: i.e. the
daily, monthly and annual solar gains, both asayes and in absolute totals. Each assessment
criterion has its own use. For the purposes ofsza3g the potential of permanently fixed
modules and, therefore, determining their bestiftgd} tilt angle it is important to look at
annual solar gains, whereas for the purpose ofr sotay sizing, for a given expected load
(building, pumping station, telecommunications eenthe daily gains in the worst month offer
the most secure design criterion if PV is the alBctric energy source under consideration. The
monthly solar gains help in determining the “bemtid “worst” months or seasons for onward
sizing calculations indicated above. As a resulthef Solar geometry described above, the daily
solar irradiation on inclined surfaces at differkitudes is as appears hereunder:

40

40

|

I
& 36 : & 35
T Eaedd ] E -
g 30 f' ™ v _—"— A _I_ ’.7‘ E 30 - 5)1’ | ! | I W
=7 N RN _ A P e [ ] 3 o
L 25 M, \ _ \"'lu_“___ / ,/ = 25 A f\‘ ] / ]
E AVAY . A {4 E v \ pd ),
Bl X N AL B 20 AN Mt AN
= I \ j 5 / \ / \\
-PTUANAVA / 3 15 SN AT N
d AN yAVAVi s b N s o V4
- ANANIAN VA g, A
= e s el £
a 5 8 ®

0 ?ngilneelringtluult?nx.clum' 0 engineeringtoolbox.com

1 2 3 4 5§ 6 7 8 9 10 11 12

=

2 3 4 5§ 6 7 8 9 10 11 12

Meonth Month

40 !
g“ 7o)

30
s ’? AR Horizontal
g 2 N
L EL?.LJF_\M 15 deg.
e 20 / 7/ I\ 1 30 deg.
S 15 A Af AL\ 45 deg.
aBrh 7 VU 50 d J
g 10 44 l/ \\ \-‘ 9.

. } I_ E__________J

z ; va'i \\Y 75 deg.
e 7/ o =90 deg.

0 r engineeringtoolbox comd

1 2 3 4 5 &6 7 8 9 10 11 12
Meonth
Fig. 5.1: Solar Radiation diagrams for Topical (Equatorial) Latitude 0° (ag,
Warm Temperate Latitude 30°N (b) and Cool temperatd atitude 60° N [*°]
(for ease of conversion 1 MJ = 0.278 kWh = 239 kcal948 Btu, 1 m? = 1550 in2 = 10.764 ft?)

“Bhttp://www.engineeringtoolbox.com/

page 5-2



5.3. Simulations of annual solar gains using PVSYST, TRNSYS & METEONORM

In order to determine the best module inclination angles for tropical BIPV at a given location and
to further demonstrate the effect of Solar Geometry on solar energy gains in tropical areas,
simulations carried out for Dar es Salaam, Tanzania (6 deg. S) using PVSYST 4.21 and
TRNSYS 16 simulation software, based on data from METEONORM 5.0. In these simulations,
annual solar irradiation incident on an inclined surface in different inclinations and orientation
was calculated and presented both in absolute terms and as a fraction of the best possible annual
solar gain at that locality. The general results obtained indicated that the maximum solar
radiation gain 1771 kWh/m?* annum and the best orientation of the surface capturing it (an
array of PV module in our case) is horizontal. It was furthermore shown that a slight inclination
of this surface ( around 10° ) in any direction or orientation will still give very good result in the
optimal range of 100%. However, at slightly greater tilt the Northern direction takes precedence.
Such an inclination will still give optimal solar gain results up to almost 18°, whereas for the
same results in other orientations, the inclination must be reduced down to about 12° in the
Southern orientation. At greater inclinations we see a general reduction in overall solar gains
compared to the horizontal and observe an interesting fact that the Eastern and Western
orientations start taking precedence over the Northern inclination. This is because of the
possibility of perpendicular incident solar radiation in the early to mid morning and mid- to late
afternoon respectively.

Percentage of mean annual solar Irradiation for Dar-es-Salam
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Fig. 5.2: Annual Solar gains as a function of PV module inclination and orientation (in a
fraction relative to the best possible annual solar gains)

For example, in comparison to the optimal (horizontal) position, a fixed module tilt of 45° will
yield a 65% overall solar gain in the Southern orientation, and about 80% in the Western and
Eastern orientations but about 78% in the Northern orientation, whereas 60° deg module tilt will
yield about 45% in the Southern orientation, about 65% in the Eastern or Western orientation but
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only 60% in the Northern orientation. At a 75°,tthe Southern orientation receiving only about
30% has the lowest solar gains while the EastedchVilastern orientations gaining about 50%
have the best results and the Northern orientadtoabout 43 40% is somewhat intermediate.
Understandably, therefore vertically hanging PV oied in tropical regions will have the worst
overall gains. However, it is seen that the Easéeich\ Western oriented vertical surfaces receive
relatively higher overall solar gains (almost 408tnpared to the horizontal) while solar gains to
the Northern oriented vertical surfaces fall to whi25% and the Southern oriented vertical sur-
faces receive less than 20% relative to the optifnatizontal) position. These results have
many more significant implications in tropical solauilding design beyond only PV applica-
tions. They can also help optimising orientatiofisteeets, buildings, building facades, sizing of
windows and other fenestration parameters and agation of building heights and street
widths in architecture and urban design.

On the other hand this fact highlights the impactamf the paying special attention to the
Western and Eastern oriented vertical walls anddimgy facades during the design of tropical
buildings. It is from here that comes the rule lofirhb of avoiding Western fenestration or
location of bedrooms in the Hot-&-Humid coastalpical climate such as Dar es Salaam, while
such an orientation of fenestration and bedroonations would be desirable in the cooler
tropical highland areas such as Arusha, Bukobaldanda, in Tanzania, as well as Nairobi,

Kigali or Mbarara in the rest of East Africa. (lioally, these places are very close to the
equator, a situation that belies their temperahekaviour. An inexperienced foreigner may
imagine them to be very hot due to their equatquassition).

5.4. PV module materials for BIPV

There are no special PV module materials typicaltfopical BIPV. In principle ordinary PV
materials as described in Chapter 2 above candu psovided basic challenges are dealt with.
From the need for using the roof getting the maxmiiven the desirability of a horizontal For
completely Roof Integrated tropical BIPV, theselldrmages are mainly associated with keeping
the roof water-tight the structure of the PV moguéhich in turn is related to the type of cells
and the substrate holding them. Rigid substratest@iine Silicon e.g. glass-glass or glass-
plastic modules, Thin film on rigid substrate masle.g. Amorphous Silicon on glass or
CIS/CIGS on metal (such as UNI Solar Triple Juncttgianding seam) as well as Flexible
substrate thin film PV modules e.g. Amorphous 8iion plastic substrate or CIS/CIGS on
plastic substrate (UNI Solar Triple Junction).

|\ ———

Fig. 5.3: “Triple Junction” thin film PV module on a flexible substrate,
Suitable for installation on curved roof surfacesn tropical BIPV [*]]

5.5. Fixed or tracking modules for BIPV?

For maximum solar radiation gain a PV module sgtparpendicular to the incident solar radia-
tion is necessary. In both temperate and tropiaaks, since the sun is in constant motion on
both daily and seasonal rhythms, a two axis soéaking system will be of best advantage. In

49 Hug (2007) www.solarserver.de/solarmagazin/saaort_0607_e.html
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order to secure the best positions for maximumrsgdan, either the whole buildings or its parts
mounted with PV have to move in consonance withstine for best solar position. Such build-
ings have been built and are still are in existence

A few examples of buildings with solar tracking E&vices have been built and some still exist.
However, most of these buildings were realise@mgerate regions and can, therefore, not quite
directly be copied for tropical BIPV but can be readiitable for tropical applications after a few
critical modifications (Tropicalization). A few emgles of such buildings are depicted in Fig.
5.5 and Fig. 5.6 hereunder, together with commgrahout the necessary modifications for their
tropical versions. The Heliotrope in Freiburg, Gany (Fig. 5.4) is a good example of a solar
tracking BIPV through movement of both the wholdding and the PV array mounted in top of
it. This is basically a rotating house with a PVagrmounted on it in form of a big sail-like
device on a central vertical axis. The buildingates about a vertical axis together with the PV
array “sail” which then wings about a horizontalsaxrlhe combined result is that the PV array
performs a two axis solar tracking. The Extra adage of rotation of the whole building is that
the glass facade of the building can be rotatetb‘the sun” in order to have the much desired
solar heating effect in winter, and “away from then” in order to prevent overheating in
Summer. The* Expo-Tower Wesertal (Technology Building) Am Ohrberg, in Germany is
another example of BIPV with solar tracking in fooha fixed house with PV panels mounted
on one facade (south facing) and on arm-like appges! at both ends of this south facing
facade. These PV module bearing arms (or wings)ramented on vertical axes and swing to
face the sun as it moves around the house fronkadlséin the morning, via south at midday to
the West in the evening. This design is suitablehigher latitude areas in temperate zones.
Were it to be built in the tropics a different widgsign would have to be made. In a tropical
version of such a building, the wings would havewoing vertically in the East—West orientation
about roof edge mounted horizontal axes. In th&ge in addition to electricity generation, the
wings may provide solar shade on Eastern and West@nted windows at the same time.

Fig. 5.4: The Heliotrop in reiburg: xample of Séar Tracking BIPV (ach. Rolf Disch)
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Fig. 5.5: Expo-Tower Wesertal Am Ohrberg: An exampé of BIPV with solar tracking [*]

Although in general, tracking systems in BIPV aehnically feasible they, however, do pose
special practical problems, the solutions of whiglmand extra investments in order to ensure
their mechanical (structural) stability and optinogleration, both of which translate into extra
financial investment in comparison with their noaeking (fixed module position) cousins.

5.5.1.The Importance the Roof and Roof Design in tropicaBIPV

As can be deduced from the PVSYST simulation deedriand analysed above, the most
important building element for Tropical BIPV is theof and/or its extensions. This is the main
building envelope element that can provide the tggtehorizontal or quasi-horizontal surfaces,
which face the sun for the longest duration (orhhut#ily and seasonal basis) without much risk
of being shaded. So roof design for Tropical BIR\Aivery important consideration because the
roof is the building element most expected to céng/BIPV modules. The modules themselves
may be superimposed on the existing roof or inc@ea into the roof fabric itself, even
replacing some (if not all) of the traditional rdop cover materials.

5.5.2.Module Inclination and Orientation in tropical BIPV

One of the ways of going around problems of extrarfcial investment and mechanical stability
associated with solar tracking devices is to sdtilea building with fixed orientation and
inclination of PV mounted surfaces and buildingwedats. The whole building orientation or the
orientation and inclination of the PV bearing eletseand surfaces are to be fixed so as to get
maximum solar gain calculated on annual basis. dMezall orientation guide has already been
explained in connection with PVSYST simulation fesdiagram in section 5.1.1 above.

5.5.3.Rules of thumb for annual maximum solar gains

Whereas the rule of thumb in temperate BIPV israagon of the PV elements towards the
equator and inclination at around the angle equtté latitude of the location, that one in tropi-
cal BIPV dictates a horizontal positioning of thedules which must be kept level in the East-
West direction. Any big inclinations of PV moduler&aces towards the east or west would give
good solar gains only for part of the day and teas optimal for the other part. For example an
inclination to the East will give good results lretmorning while and lose the afternoon gains,
while the opposite would be the case were the n@odutfaces to be inclined to the west. The
deviation from the optimum gains will be greatethagreater angles of inclination. So inclina-

*0 http://www.architektur.tu-darmstadt.de/powerhodbé?48,id_4,s_Projects.fb15
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tions of the PV module surfaces in the east or \(resation about a North-South axis) for per-
manent fixing in one position should be avoidedrapical BIPV. Inclination of the PV bearing
surfaces towards the North or South that have arlgean the maximum annual solar gains are
dictated by the following three factors:

» The relative duration of seasonal variation sot@sifon (solar declination)
* Timing and duration of seasonal variations in cloader (rainy and dry season)

» The need to facilitate cleaning of modules by wateroff (either by seasonal rains or by
direct washing) in order to avoid dust depositioait tmay reduce the module efficiency.

5.5.4. Straight (Plane-Surface) or Curved Roofs in TropicABIPV?

Roofs come in many shapes, the most common of wdneldescribed b$chunck et al (1991)
From this collection, it is evident that all thesef styles can generally be divided into two main
groups, namely, roofs with straight (plane) suréaéeolyhedral roof) and roofs with curved
surfaces (cylindrical, spherical, hyperboloid ortpahereof). The choice between the two has
traditionally been a question of pure aestheticgafgrgences of the Architects or their clients.
However in tropical BIPV with the roof as the maitement, the question of optimal (if not
maximum) generation of electricity becomes equaliy not more) important as the
architectonics. From the analysis of the simulatedoove we can deduce that both straight
surface and curved surface roofs are possible omhecondition for both polyhedral and curved
surface roofs is that for the best solar gains,sindaces must be quasi-horizontal. While for
polyhedral roofs it is easy to determine the iraiion and orientation of the different planes of
the roof surface, it is not that easy with curvedaces. In this case we must deal not with the
surfaces themselves, but with other parameters aschadii of curvature, tangents to these
surfaces, spans and horizontal chords, as wellaasnmum heights or depths of crests above or
below horizontal chords. In general for best anragdar gains with curved roof surfaces the
angle between the tangent to the curve and thedrdel must not exceed the critical optimal
inclination in the considered orientation, for tpatticular locality.

I
r=—
2sim

h= | (1-cosz)
2 simn

o i1

where
r = radiusof .curvatureof .roof
| = AB = roof.spaninthe planeof .curvature

N\
e
I

h= CD = roof .curvaturecrestheightabovetargentto.horizchord
a = optimalroof .curvatureéangentangletothehorizontal
a = optimalmoduletilt .angle(for. polyhedralroofs)

forbestSolar.gainsin.Dar.esSalaam

\ a < 15°in.Northernorientation
a < 10%in.all.otherorientations

Fig. 5.6: The curve tangent rules for optimal BIPVon curved roofs

For tropical BIPV with small critical optimal angeboth concave and convex surfaces are
equally possible to work with, but convex surfaaes easier to construct partly because of tradi-
tion and partly because of available building tedtbgies and materials. Therefore, further dis-

cussion about curved roofs will deal mainly witmeex structures. For purposes of ease of con-
struction of convex external roof surfaces, thevedrsurfaces are best described in terms of ra-
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dius of curvature and height of roof curvature ted®ve the horizontal span chord as explained
by the formulae given hereunder:

Table 5.1: Challenges envisaged in tropical BIPV

No | Envisaged Proposed Solution Remarks
Challenge

1. | Energy loss due to | regular washing, (inclination for water run-off a
dust deposition on | naturally by rain or artificially| necessary evil =>minimal necessary
modules by pumpé& spray inclination)

2. | Energy loss due to | Small inclination angles Best Orientation N.
module inclination | Equatorial orientation is best| Dar es Salaam example
and orientation (see remarks for comparison| 100% gains obtainable at

with horizontal position in the <15° N-orient or <5° E/W-orient
case of Da res salaam 90% <25°. N-orient.
6.3 deg.S.) < 20° E/W-orient.
3 Energy loss due to | Module ventilation Re: PVTAste et al (2007
module overheating Tandem installation with

Thermal collectors(PVT).
Thin film modules better than
mono- and polycrystalline
modules

4. | Water tightness: module overlapping, Attention: Double inclination
single module spans problem
single moduleigzagwith non
PV caps and valleys

5. | Double inclination | Very small angledain inclination (Equatorial)
esp. in E-W direction. Minor inclination (E orW)
(preferably < 10-15 deg.)

6. | Rigidity Not always desired.

7 Fragility Framed modules work better.
Tempered glass modules
Flexible thin film modules

8 Fixing Point (bolts, nails, screwsAttention: necessary substructure
(glue?) must be proper in both material and
Line (bolts, nails, screws) geometry
(glue?) Whole Surface (glue)

9. | Lifting/Hoisting of| Small modules. Due to lack of lifting equipment,
modules for roof In-situ installations using low-design of PV integrated building
installation. tech methods. element should provide for manuyal

or low-tech hoisting of the elements
10 | Moisture Module edges must be
properly sealed.

11 | UV stability Check UV stability of cells,UV stable materials are now
and seals in modules and oth@ommercially available.
exposed areas.

12 | Hailstorms Use tempered glass modules

13 | Wind stability Use stronger fixing options

5.5.5.The Haulage and Hoisting Challenge

The challenge of haulage of large panels of bujdiraterial and their hoisting into place at the

building sites continues to plague many develogimgntries because of absence of both suitable
transport infrastructure such as roads and railveaysavigable waterways (rivers and canals).
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Haulage vehicles and hoisting machinery are als@llysdifficult to find or very expensive if
available at all. This bottleneck makes deliverylasfjie industrially assembled panels difficult
and limits the designers and builders by necessifdlhe use of small building components that
can be easily loaded, transported and hoistedplaice on site. This situation is even worse in
the Photovoltaics industry where most of the kemgonents have to be imported from abroad
and transported over long distances on roads teat@anetimes very bad. The following photo-
graphs compare the ease of mechanised PV installztithe developed world with the hoisting
and transport challenges associated with use kimpel PV elements (modules and batteries)
usually encountered in low technology conditionsvairling in many rural areas of tropical de-
veloping countries. Better mechanisation, althodgsirable, would involve higher costs, in hir-
ing of specialised hoisting and transportation ekddsi together with their specialised operators
and PV installers.

The thin film roofing material is a Unisolar “TriglJunction” thin film cells on metal sheets,
mounted on a timber substructure. The metal slesetsred with PV material are made long to
avoid overlapping problems at joints. Such BIPVfirmgp materials are easy to install in third
world conditions except for the mechanised hoishatileneck.

Fig. 5.8: Low-tech hoisting of PV Module and transprt of Lead Acid Batteries at the
Mbinga Sisters’ Convent (southern Tanzania)T]

°1 www.solarintegration.de/showpic.php?file=upload§3% & http://www.solarintegration.de/index.php2ib

%2 http://www.sonne-ueber-mbinga.de/fotoalbum.php®ssisand
http://www.sonne-ueber-mbinga.de/fotoalbum.php®star
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5.6. Typical Scenarios of BIPV in Tanzanian Primary andSecondary Schools

There are several options of Integration of PV ropical school buildings. In implementing
these we begin with one school buildings layoutwshm fig. 5.9 (a) selected from the existing
standard school building drawings approved by thezanian Ministry of EducatioMoEC
2000; MoEVT 2007 a, b, tecause that particular layout approximates béhkttive theoretical
requirements for tropical BIPV as explained abdvie example. The major buildings are elon-
gated in the East-West direction with the main d@safacing North or South. The standard
classroom block whose floor plan, elevations argldsection are shown in fig. 5.9 (b, c, d) is
taken as a typical representative of these majowaduildings. This layout of buildings would
expose the roof surface (inclined N or S) to thestrintense solar radiation for the longest
duration per day. Furthermore, it is easy to after roof inclinations to suit to optimal tilt as
explained above. More drawings of the standardrss#ary school buildings from the Tanzanian
Ministry of Education and Vocational training (MoEYyare in the annex.

LEGEWD e ——
1 ADMMISTRATION BLDCK
2 LBAARY BLOCH
3 CLASEROOMS BLOCK
d LABOAA TCRICS BLOCH
RS UTOM B 0
B ASSEMELY CLN Daranad e
T DO TOREY B DCw,
B DCRES AL SLEEW0E I s
B SICK By
10 STAFF HOLBES
11 SPOATS PEDS
12 MATROR MCLEE
12 FEAD OF SCHOOL HOLSE

oFld e

] & -_5;, &
| ] &

: >

Fig. 5.9 (a): The selected typical standard secondaschool site plan in Tanzania
considered appropriate for BIPV (MoEVT 2007)
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E L I M U
PHYSICAL PLANNING AND MAINTENANCE SECTION

| CLASSROOM BLOCK TYPE B (3 ROOMS)
LAYOUT PLAN

DRAWNBY | CHECKED BY SCALE
suor 1:100

Fig. 5.9(b): Typical classroom floor plan from stamard secondary school drawing
provided by the Tanzania Ministry of Education andVocational training (MoEVT 2007)
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Fig. 5.9(c):Front and rear elevations of the typickclassroom block in standard secondary
school drawings by the Tanzania Ministry of Educaton and Vocational training (MoEVT
2007)
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Fig. 5.9(d):Side elevations and basic section ofdhypical classroom block in standard
secondary school drawings by the Tanzania Ministrpf Education and Vocational training
(MoEVT 2007)

5.6.1.Developmental alternative Scenarios for BIPV roof dsign

Based on standard educational buildings desigriibeofTanzanian Education Ministry and the
selected school compound buildings layout, varieersions of possible BIPV roof designs for
the same standard plan drawings are presented.sfBimelard roof slope inclination of 25
however, is not the optimal one. Installation of Rddules on such a roof without modifying
their tilt angle, while elegant looking, will actlyahave the modules working in suboptimal
conditions (delivering electricity below maximumpeeity). In order to improve the situation,
the alternatives would be to set up the moduleghenroof at optimal angle. This can be
achieved by installing the modules at optimahtithout changing the roof slope but the solution
has a bad architectural appeal on aesthetic groundietter solution would be to modify the
roof to optimal slope and either fix the modulestom as usual or to integrate them into the roof
fabric itself as described earlier. The latter optigives the designer room for various
architectural manoeuvres in roof design for tropBEV. A more detailed description of the
options is described hereunder.

5.6.2.The traditional way: Setting up PV modules on the ®sting roof following the same
roof profile.(inclination and orientation)

In this scenario the PV modules can be mountecctiiren the existing roof using timber
support following the same general inclination améentation of the roof. In this scenario,
several module layers may be installed on the sesoé slope or on several roof slopes,
depending on relative sizes of modules and roefelsas addressed energy demand
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Modules at same suboptimal angle as roof 25 ;
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Fig. 5.10:Scenario 1. Modules mounted one side ai existing roof, following the usual roof
inclination. (In this case whole installation can wrk as one array)

The advantages of this scenario are ease and spaelallation. There is very little design and
modification work to be done. The other advantagenaintenance of architectural harmony
between the initial roof and PV modules. The disadd&ge, however, is that, although there will
be electricity generation, one cannot guaranteepg®formance of the PV modules. Everything
depends on the initial roof inclination and origim@: if the original roof inclination and
orientation are not optimal then there is littlespibility for optimal electricity generation. Ingh
case of mounting of PV panels of several diffesemitiented roof slopes, in addition to the
suboptimal electricity generation, modules on eslope work as different arrays with similar
modules under similar conditions generating difiése i.e. similarly rated modules under
similar solar conditions generate electricity dffestent electrical parameters and so must be
wired separately. In the example depicted hereyndere the installation to be made in Dare s
salaam, Tanzania, the modules mounted on the Sauthiented roof slope would produce less
energy annually compared to their equivalents enNbrthern oriented slope although in some
months within the period corresponding to the Seuthsummer (Northern winter) they may
perform better than their Northern inclined coupégets.

Modules at same suboptimal angle as roof25
on bath narth and south orientations
(higher disadvantage on southern module)

Morth side South side

Fig. 5.11:Scenario 2: Modules mounted on severdtes of an existing roof, following the
usual roof inclination (which is usually not optimd for PV)
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5.6.3. The modified traditional way: Redesigning the wholeoof to optimal inclination and
setting up PV modules on it

In this case the roof carrying trusses are modifedthat the whole roof will itself have its
inclination within the optimal range of angles.idtthen roofed with the usual roofing material
(usually corrugated metal sheets), then the PV mesdare mounted on top. The result is
practically a double roof, in which the PV modufesm the top roof while the original roof
remains under. This method has the advantage eingokeveral practical problems and
enabling the whole roof or most of it to be usednimunting of solar modules. The gap between
adjacent PV modules need not be watertight bectnateproblem is taken care of by the real
roof underneath. So there would be no water leakagelem. The modules can themselves be
fixed more easily with a few bolts, using bolt- &g method, where the bolt goes through the
gaps between adjacent modules while the cap hbkigdwo adjacent modules in place (see
Fig.5.13 and 5.14 below). The main advantage a&f $bt-up is that the whole roof or most of it
can be used to mount PV modules. The mountingtstigvill have the least cost.

Roof at optimal angle with modules on
top tilted at the same optimal angle.

North side s % South side

o = 0 = e

Fig. 5.12:Scenario 3: Roof set at optimal inclin&an and mounted with PV modules (This
diagram shows mainly the mounting principle)

e e s R
Fig. 5.13:Double roof at quasi-horizontal mountingof rimless PV modules (note the
utilisation of the whole roof for PV module mountirg) [>7]

>3 http://www.solarintegration.de/index.php?id=15#
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5.6.4.PV modules on an existing roof but at an inclinatio and orientation different from
those of the roof.

In this scenario although the roof may have oteab@ptimal) slope and orientation parameters,
but the PV modules are set on it at optimal tild anentation. Such a case is resorted to by some
installers just in order to optimise the annualceleity gains without caring about the
architectural harmony between the existing roof éduedretrofitted PV modules.

Roof at usual suboptimal inclination 25" but
module at optimal tilt 10°

:/ PV module at optimal tilt
Py module support frame 10 aror

Roof at original arn

andle
ﬁzs' 28 T~
| 800

— F South side

[
| 100 =

Morth side

150

100
oo

Fig. 5.14:Scenario 4: Roof at old (suboptimal) arig (25’) with PV modules mounted at
optimal tilt (10°)

There are many examples of this architecturallylesgant situation with the main argument in
its favour being only to maximise the solar gaimdfé from the retrofitted PV installation on a
pre-existing building while avoiding extra costs@sated with dismantling the whole roof and
rebuilding it with optimal slopes. A few examplesvie been noted at:

* The Uganda Revenue Office building at Tanzania—dgdyoarder post at Mutukula, on
the road between Bukoba (TZ) and Masaka (UG).

* The laboratory building at Katale dispensary in 8o District, N.W. Tanzania owned
by the North-Western Diocese of the Evangelicaheutn Church, of Tanzania, (ELCT-
NWD)

5.6.5.The new way: Roofing with PV modules only

This scenario involves actual integration of thedoles into the roof itself, therebgplacing

the top cover of the roof with PV modules. This nialye place over the entire roof or just over a
part of it. In this case in addition to generatadrelectricity the PV modules must take over all
roof cover functions at least for the part whereythre installed. It should be noted that for op-
timal electricity generation, the module layoutbest horizontally placed, but for other roof
functions such as protection against rain and lgaka slope is necessary. So as a compromise
solution between the two needs in form of a genmiteé slope is preferred. The exact value of the
actual maximum inclination angle of a roof incomuang built-in PV modules depends on the
locality and the orientation of the slope. It carlyobe estimated after considering annual solar
gains by exact calculations or computer simulatibnere are many simulation programs for
such purposes and PVSYST is just one of them. Alegrto the results of the PVSYST simula-
tion for Dar es Salaam, as has already been iretidagfore, for best electrical results the best
slope inclination angles have been shown to bexamuan of 15° inclination towards the North,
or a maximum of 10° in all other orientations. WRN modules alone making the outer shell of
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a roof inclined at angles there arises a dangeoalfleakage that must be avoided. To accom-
plish this task the following roofing styles areli® encouraged:

5.6.6.BIPV Roof Constructions with Single Module Spans

BIPV roof constructions with single module sparssdone in order to avoid top-down joints
between modules, which would pose a threat to wagktmess in an almost flat roof, especially
in low-tech conditions prevailing in third worldral areas where these schools would be built.
The side by side joint between adjacent moduleseagasily covered by a metal cap that would
double as a device for fixing modules. The best mnudt effective single module roof spans
may, therefore, be achieved if either the roof Spaguestion is short enough to be covered by a
single standard module, or if it would be possiliée have special modules specifically
manufactured for the purpose. The latter option ld/obe rather expensive in terms of
manufacturing transportation and installation cosgpecially in low mechanisation conditions
prevailing in most tropical third world countrieherefore, this option is unsuitable for most
cases of S World tropical BIPV.

5.6.7.BIPV Single Module Span Roof Constructions Using &indard Off-the-Shelf
Modules

From the foregoing section, it is seen that the besion is to use standard, off-the-shelf PV
modules available on current PV the market. In sactase, one may still have the following
sub-options:

» Single module wide veranda coveragdn this case, the veranda or passageway frontage
of main school buildings is covered by PV modulesgving the main roof in its
traditional style. The main advantage of this tyffestandard module use, is that it is
possible to set the gradient of the PV modulegpéatmal tilt while leaving the main roof
at the traditional steeper inclination. This enalifee combination of BIPV modules with
such building materials as traditional roofingdilslate shingles etc., which may in some
cases be easier to find or prepare within the Wiciof the school in question. The main
conditions for mounting of utilizing PV modules\aranda cover are:

o The availability of modules long enough to excelee Wwidth of the veranda in
guestion.

o The PV covered veranda roof mumsit be vertically separatedfrom the main
roof. This is necessary in order to avoid seaséalmodule shading from the
main roof, due to solar declination. This problesngraphically presented on
Fig.5.15(b).

—

Timber wall plate

CGl roof cover

Shade against
driving rain

Tirber truss

Ordinary roof at 25 inclination solar modules covering veranda at 107 inclination

Timber purlin
PV module frame

North side South side

PV module cells

Ceiling board

t&-Brick wall

™

Timber window
frame

Timber purlin

Timber support

Timber rafter

Window ———

Fig. 5.15(a): PV module roofed
walkway/veranda (correctly installed)

Fig. 5.15(b):Junction of veranda PV
module and main roof (Detail B )
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lar declination in December

North side South side
Module shading due to-solar o Ordinary suboptimal
declinatio roof inclination
|
10°
LA 240 H
| 800
:/g : l:”:| § :
5 i
T & 8

I y— 1l

EEale e
Fig. 5.15(c): Wrong installation: vertically separded veranda roof may cause partial
shading of PV modules due to seasonal solar decliran.

PV Modules capping clemstuhj_at
almaost hanzontal it (below 10°)

MNorth side South side
(transparent)
PV Maodule
Roof at optimal
angle Ti‘-ﬁ' m':
{\._/ ‘\--:r
L 240
r\’{-\._} "\_.:—-_Fh ) o &
I ¥R 0 1205 3 0]
B -
3
el B =
=
E - —
B &
 ———
i |

Fig. 5.16(a): Single span clerestory using standarstraight PV modules (the Roof Cap PV
module row may be made for seasonal manual solaracking.)

Flexible thin film PY module on
curved plywood base

100
100

Fig. 5.16(b):Single span clerestory using curvedWPmodules (usually thin film PV material
on a flexible substrate)
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» Single module wide clerestory coveragefhe other alternative of using standard “off-
the-shelf” PV modules for integration in quasi-lzontal roofs in Tropical BIPV, is to
have one module wide clerestories on roofs. In ¢hse the slope of the module can be
made almost horizontal or can be made to tilt seaofor optimal solar gain (seasonal
solar tracking). Seasonal solar tracking can beemmadnually at frequencies from once
every three months to once per month. Alternatiweig film PV modules on a flexible
substrate can be installed onto a curved roof-teqgstory. In both cases, in addition to
electricity generation the installation can alsd & the ventilation of the classroom
below. In addition classroom illumination can bepnoved and modified if transparent
modules are used

5.6.8.Roof constructions with optimal installation of tworows of modules (The Two
Module Span across a roof cap)

Optimized roof inclination enables roof integratioh PV modules in any orientation without
loss of electrical gains potential. In this caserR®ules can really integrated into roof replacing
some of the top outer membrane provided care entéalk avoid water leakage or ingress. For a
two module wide PV installation, this limits suchptional installation to be carried only on the
topmost roof level with the modules sloping in opip® directions and their top covered by a
cap. Such an installation, however, is best prabte only with a new building or a complete
roof replacement in case of an older building.
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Fig. 5.17(a): Optimized integration of two rows oV modules

Nerth side Seuth side

=
Roof at original
angle

Fig. 5.17(b): Two PV modules optimally placed on efestory spanning across roof cap (or
mid ridge)
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If, however, a decision teetrofit an existing building with BIPV is taken, but for any (mainly
economic) reasons a complete roof replacementtipossible, then a second best alternative
would be optimal PV module installation on an aiddial clerestory with only partial roof cover
replacement as seen hereunder. This solution waldd enhance ventilation both for the
building and the modules. It may also improve in&rllumination if transparent PV modules
are used. It should be noted here, that in botes;asreful and proper attention in installation of
the roof cap is key to success of the roof

Mail fixing cap
through rubber
Roof top cap washer

Metall cap folds
over module frame
Air ventilation perpendicular

to section plane P module

Submodu!a wventilation

‘ Module supporting structure

Fig. 5.17(c): Roof Cap detail: The roof cap (C) ia key element for success of a two module
wide BIPV arrangement without any lower watertight roof membrane
(Note: Air movement under the cap follows the roof ridge)

submodule ventilation

In Fig 5.17(b), despite the suboptimal originalsguthe clerestory mount of the PV modules
offers several advantages. There is no water leagegpblem because the modules are capped on
top and sloped in opposite directions. In this cde modules are really roof integrated and
actually do replace the original roofing materigkeothe area they are placed. Moreover the
clerestory offers a good ventilation opportunity tbe PV modules. However the roof parts
below the clerestory remain at the original stegggyle. The main disadvantages of such a roof
construction include high consumption of roof stanal material and complication of
construction, both of which tend increase the rupfiost.

5.6.9. Multi-module span constructions

In principle, it is possible to have quasi-horizinbof slopes covered with several rows of PV
modules along each slope. However making the medailene double as the sole roof cover
pauses special problems and demands special sdw@sofollows

» With sealed or module overlap In this case special modules must be specificatyant
to overlap. The top part of each module (meanbtarger next higher module row) may
have either “dummy cells” or no cells at all. T@pent water leakage in case of rain, the
overlapping PV module parts may be glued togethesléd) with help of a special water-
tight sealing material such as special silicone Wik form a flexible joint allowing a de-
gree of relative movement of the modules but thidtwithstand high ultraviolet radia-
tion levels over a reasonably long time. This sealerial must also allow subsequent re-
application on a previous layer without much treubdh addition the top and bottom of
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the whole sealed ensemble must be open to the phm@sto aid ventilation of the solar
cells, in order to keep them cool under intenspita solar radiation.

* With open module overlap: Open overlap has the same demands for the PV n®dule
(no cells or a layer of dummy cells) except thas time the modules are not sealed to
each other. They may desirably have gaps betwesn th aid ventilation. While such an
arrangement may work well for steep slopes, it Wwdl more difficult to achieve water
tightness in quasi-horizontal roofs. In such sitata broader overlap may be required
which may prove to be waste of precious PV modukgenal, even without cells.
(Module glass is usually more expensive than orgliass). Otherwise, a watertight
membrane or water channels must be applied undd?¥hmodule joints or gaps.

» With under roof watertight membrane: To solve the water tightness problem a layer of
watertight membrane may be required under the Ptlutes, but such material is usually
very expensive and requires a higher level of meparation both in terms of materials
and technology. Although that is generally a hhtesolution, which may prove to be
relatively more expensive in tropical third worldnditions, it is nevertheless worth a try
especially when the building under consideratioofia high value investment nature.

* Back to tradition: PV modules on an existing optimdly inclined roof: This seems to
be the most practical way, especially for largeldngs, such as assembly halls,
warehouses such as is depicted on the Coca-Cotz Halow:
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Fig. 5.18:PV Moules on top of an"existing Fig. 5.19:Labour-intensive manual
roof preparation of thin film PV sheet for roofing.

5.6.10.Thin film BIPV Roof modules on flexible substratesand rigid substructures

In such roofs, an outer cladding of a flexible tarin-like light sensitive composite membrane
material is applied on a specially prepared rotissucture. The light sensitive material on that
flexible composite membrane is, in fact, a seriethim film PV cells that had been previously
applied it. These are the thin film PV modules. yhan just be glued on the specially prepared
substructure (under-roof) covering the whole rooffar just part of it. The water-tightness
problem is solved by simply having them glued tentap or using long module strips as seen
hereunderThe under-roof may be made of some cheaper materiaiot usually used for
external roof cover purposes, e.g. plywood sheetshipboard or tongue-&-groove (TNG)
timber boards. Although thin film modules (at least for those allg currently on the market)
have generally lower efficiencies compared to thmore rigid mono-and polycrystalline
cousins, they are comparatively less temperatursidee and much cheaper in cost per watt
terms. The major work for their installation is tlwest of the special roof substructure
preparation and they require more careful insialat

As such they are motlabour intensive, a characteristic that makes them more suitablape
plication in Third World countries where laboursidl cheap. Finally, such a roofing system has
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the advantage of giving the architect some leewaydrk with PV on roofs of different shapes,
both curved and straight. (See the example of tlehitecture Building at Ardhi University Tan-
zania, described in the next section). It shoulchéted that for the best result, the tangent to the
roof curvature should remain within the optimalitirfi.e. < 10° for the E-W curvature in Dare s

salaam).
With thin film flexible modules completely curved roofs

possible under condition that tangent of roof curvature
at optimal angle to the horizonta (< 10%

Marth side South side
tangent of roof - ——
cureature at e _A_ ———
optimal angle = WE—_—— 7 /7% — |
- : ma S ——
s :
1. E B
b
B [ —4 A
g g
I

ﬁ.: p— |
Thin film PV on flexible subtrate on curved surface

Fig. 5.20(a): Thin film PV sheets on a curved surfae covering the whole surface
(suitable for the Architecture Building of Ardhi University, Dar es Salaam, Tanzania)

Active thin film PV on flexible sublrate
glued on top of support substructure

Glue material Imert part of flexible subtrate (without PV film)
rounding support substructure protecting it
from moisture ingress

Support substructure made of cheap
material eg phywood or t-n-g planks

Anti moisture seal

Roof truss Wooden purtin Water collection gutter

Fig. 5.21:Detail of PV thin film roof showing thespecially prepared roof substructure
(under-roof) onto which the PV membrane is glued.

page 5-21



5.7. Possibilities of BIPV in Large Tropical Buildings: examples of some Tanzanian Uni-
versity Buildings

Large tropical buildings, e.g. offices and academmiddings of Higher Learning Institutions
(HLI) do offer great opportunities for demonstratiof BIPV as follows hereunder:

Fig. 5.22: Ardhi Unversity Roofscape, showng SofeRoof anidate Buildigs

(i.e. buildings with Solar Roofing potential)

5.7.1.Solar Roof Candidate Buildings at Ardhi University (ARU)

Some of the buildings at Ardhi University (ARU), Des salaam, Tanzania, for example, can be
refurbished with different kinds of solar roofsgF.19 shows the ARU roofscape with buildings
in the foreground that certainly need new roofsalbige the existing asbestos-cement ones with
must be changed for public health reasons. Thasgeod opportunity for putting up BIPV roofs
to replace of the undesirable asbestos-cement.

The buildings’ orientations, elongated in the E-Wéckion, do offer a good opportunity for PV

integration. Moreover, in their current use, witffiaes, laboratories and computer labs, the
appropriate load for the PV is also ideally locatedler these roofs, thereby minimising energy
losses due to long distance electricity transmmsditany types of modules would be suitable for
them. It is, therefore, proposed that each of theilings be fitted with a different type of PV

modules for academic purposes, field testing andul@ocomparison purposes. In the middle
ground, with its curved roof and correct E-W ora&itun, the Architecture building, is another

candidate for integration of thin film PV modules ftexible substrates.

5.7.2.Solar Roof Candidate Buildings at Dar es Salaam Uwersity (UDSM)

The main Building of the College of Engineering ahechnology (COET) at Dar es Salaam
University (UDSM) main Campus, offers another oppoity for BIPV. According to studies
conducted in 2003 and 2004 by a joint group of Begiing and Architecture students from the
Universities of Dortmund and Dar es Salaam, unaercb-supervision of this author, the current
roof was seen to be in need of replacement andraleversions of multipurpose solar roofs
incorporating PV, solar thermal, daylighting anthveater harvesting were proposed. Fig. 5.20
shows the current roof and Fig. 5.21 is one of gineposed versions submitted to the
MONDIALOGO competition.
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2 ez o
Fig. 5.23(a): The COET main building with its

old roof (as it looked in 2004)

proposed BIPV roof

oy

Fig. 5.23(b): The same building with the

During the same exercise, energy demand of thelibgilthat could be satisfied from the
proposed BIPV solution was calculated and is prteskim Table. 5.2 hereunder:

Table 5.2: Summary of annual Energy demand in kWh/dor Lighting and ICT at the
COET Main Building at Dar es Salaam University Main Campus.

old lights new lights

Office working spaces 23,018.40 7,672.80
Lecture halls 120,772.40 40,240.80
Computer pools & Tutorial 38.651.04 12.886.68
rooms

- |Circulation areas 114,383.70 38,127.90

£ |Service areas 11,037.60 3,679.20

S, |Area under new roof 84,852.60 28,284.3(

— | Total Lighting Energy 392,715.74 130,891.68
Staff offices 65.220.00

— | Computer Pools 158.280.48

© [Total ICT Energy 223.500.48

Total Energy demand 616,216.22 354,392.16

)
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Summary of Chapter 6: Under this chapter, a general description of ssircf
finance for PV projects is presented and propofalgealisation of the particular
project examples described in chapter 6 and 7 raxsepted and discussed.

6. ECONOMICS (FINANCING and PAYBACK) of PV INSTALLATIO NS

6.1. Background information

Issues of financing of PV projects have been dsedidy many authors includitdeidenreich
(1996)in her article “Seeing the Light: Solar PV in EAdtica”. Most of the available literature
about financing PV in Developing Countries incluglifianzania e.gsabler (2004) aims mainly

at small scale domestic applications in domestigskbolds. In some PV market development
studies intermediate beneficiaries, such as whigleskealers and sub-dealers, or non-
governmental organisations, have been broughttheopicture, only as volume facilitators in
order to tap into the domestic consumer market withhe ease due to better economies of scale.
In all these PV market development studies the dtiméousehold and its needs, mainly
lighting, radio and TV broadcast reception, haweagis been the centre of focus.

This thesis, however, deals with PV for institubrapplication in government services,
especially in the three selected areas of educdimaithcare and public administration. Here are
fundamentally different energy demand patterns lootiming and scale of operation. In public
administration, for example, many small scale aagtdemand centers, widely spread in many
villages over a very wide area are observed, with hain PV electricity demand powering
information management and delivery instead oftirgl) the traditional requirement in domestic
applications. In education and healthcare, daytieeds are also predominant although lighting
may also be a requirement in some aspects of ogration. In boarding secondary schools, for
example, in addition to daytime requirements, isgehghting is required for part of the night
during evening study sessions, whereas less ineamd@r intermittent lighting may be required
for the rest of the night in dormitories and otlaeeas related to students’ residential areas.
Similarly, in rural dispensaries, intermittent inge lighting may be required in operational areas
such as patient reception areas, or labour andedglrooms with less intense nightlong lighting
in patients’ wards. Thus these institutional reeuoient patterns differ significantly from
domestic requirements. In such institutional prigebowever, there may also be elements of
domestic applications of PV, but in most caseselve#i mainly be dealing with domestic lives
in the households of workers of the public insitas or projects in question. The financing of
such domestic PV applications, can therefore, eitieetreated as part of the institutional PV
applications, or as domestic PV applications inubeal way.

The developing country focus also brings in a fewartant differences that one has to note be-
tween financing of energy projects in countrieshwiteveloped economies and financing of
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seemingly similar projects in developing countri@ne of such differences is the question of
power concentration i.e. relative power demand (duadefore sizes) of individual energy de-
mand points in each group of countries. The enégwand per point of project location in a
developed country is much higher than that of gegtdocation in a developing country. The
other difference is the prior existence of the ssaey energy infrastructure in the former coun-
tries (with developed economies) and absence di pue-existing infrastructure in the latter
(developing countries). In the former group of does (developed) the financier has a choice of
whether to deal only with questions of power supplythe existing infrastructure, which may
sometimes be old and, therefore, inefficient tetbgng or in addition to power supply additional
investment may be required to refurbish the pretang old technology energy infrastructure in
order to render it more efficient. In the develgpicountries, however, most often there is no
pre-existing infrastructure. The financier therefdras to finance both the energy consuming
infrastructure (load side) and the energy technpitgglf, e.g. PV in this particular case. This
situation gives both certain challenges and sp@gpbrtunities. On the positive side is the fact
that there is an opportunity to opt for the mosidera and, therefore, most energy efficient in-
frastructure technology and also to be able to mé#te energy supply to the envisaged load,
directly from the start. The main challenge is tiat capital layout per unit of energy resource to
be supplied may be very big because of the ad@iticapital outlay for the basic infrastructure,
but there is little or no other option at all. lrogh cases there is no pre-existing old infrastmactu
to use. To illustrate the point one may considér. b Europe, for example, one already has old
telephone systems and computers in place which anagay not be improved or modernised
before being powered by new energy resources &.gb&t in Africa, in order to be able to
power ICT using new energy resources such as P¥,hais to finance both the PV system
(modules, controllers/modifiers and storage) arel ghpply of wireless cellular phones and/or
computers and associated peripherals. In some sa$@sg-up or extension of a (usually re-
cently installed modern) communication network naéggo be necessary. Such a situation in de-
veloping countries, therefore, demands innovatp@@aches from both financiers (such as local
and foreign bankers) and state authorities whaiapally policy makers, controllers and regula-
tors of financial, communication and energy ins$iuas.

From the banking point of view, financing of anyjact partly depends on the project size, i.e.
required amount of money for the project and paotlyits form of ownership. These two factors
among others influence the capital layout and finap conditions. In case of a PV
electrification project, the amount of money regdiris also influenced by the expected loads
which influence the types, sizes and quantitieB\dfequipment required. Although project costs
fluctuate depending on the above named factors adher external issues such as required
execution speed (i.e. emergency or normal deploy)npeaject location and competition, a price
index for key inputs into a project, however, seras a good point of orientation from which
one can judge the expected project costs or bafgaireasonable project cost reductions. As a
bargaining aid it is very important to Table 6.1dve gives the latest price index for key PV
system components as recently surveyedfy [

Table 6.1: Price index for various PV components5[L]
ITEM PRICE UNIT UNIT PRICE

Euros | US Dollars
PV modules (polycryst) €/ Wp (US$/W)* 4.71 4.83
--Thin Film 3 2.36 3.68
Batteries €/Wh (US$/Wh)**| 1.31 2.04
Inverters €(US$)/W 0.462 | 0.722
Charge controllers €/A (US$/A) 3.75 5.86
€/W *** 0.312

* www.solarbuzz.com
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Key: W, = Watt-peak. (For rating PV modules = power ahdéad test conditions)
WL = Watt-continuous (unit for rating inverters= pave¢ continuous work)

Additional Note:

" The Euro and dollar price index for PV modules besn calculated separately for Europe
and America reflecting local markets, whereas ftirep items the price index in both
currencies is based upon global market prices aenhjping Dollar/Euro exchange rates. In
addition, given prices for thin film modules are fowest.

**  Usually batteries are rated in Ampere-hours (Ahyarious regimes of operation. This price
index however, is given at a Watt-hour (Wh) ratiagvarious types of batteries calculated
for a standard discharge of 20 Ah.

*** €/A converted into €/W for a 12 V DC storagestgm.

As stated further above, for projects in tropical/e€loping countries electric load components
must also be incorporated in any system costingumecthey are usually initially missing. In the
special interest areas selected for this thesisneha education, healthcare and public
administration, the typical loads will mainly inde ICT system components such as computers
(preferably laptops), their associated periphesaald network components. Cellular telephones,
though usually associated with personal use, caldd be used in rendering public service
especially in matters pertaining to quick inforratidelivery services such as progress reporting,
measurement results and statistical data transfeublic and health administration. They are
also useful in police communication but that issalg the scope of the current thesis. Other
electric load elements in the selected public ses/will be lamps and lighting systems but only
in those services that are expected to continueatipg even after sunset. Such services will
mainly be found in upper educational institutiofr®rfi secondary schools onwards) and in all
healthcare systems. Electronic diagnostic toolsrafrijeration systems are expected to feature
only in the healthcare system. Although other eteut items such as radio and TV reception
may feature in education systems, they will maingyin use in domestic dwellings of people
manning all these public services, just as forgéeeral public. Although a price index table for
those electric load elements is desirable, theemiown hereunder can only be valid for a short
time because of increasing product energy effigiedge to technological improvement and
lowering unit prices due to production innovatioddthough in some cases higher product
demand may tend to increase prices and price imdime some products, e.g. PV modules,
currently tends to stabilise and sometimes incréhseprice index of some products (eg PV
modules ) th general tendency is still towards loweces. The current (August 2008) price
index for system load components is presentedbile &2 hereunder.
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Table 6.2: Price index for typical PV electric load expected in the selected government

services

ITEM TYPICAL UNIT PRICE

POWER (W) Per item Per Unit

piece (€) power (€/W)

Computer systems
--Laptops 100 500 5.00
--Modems 100
--Routers 12 40 3.33
--Hubs
--Switches 4.5 20 4.44
--Printer/fax/scanners 30 300 10.00
Lighting appliances
--CFL 10-15 10-15 1.00
--LED* 5 30 6.00
Cellular phones 2 60 30.00
Refrigeration Unit
--compression cycle 60 670 11.17
--absorption cycle 47 130 2.77
Radio Receiver 12 40 3.33
TV receiver
-- LCD Color 14” 48 185 3.85
--USB computer add-on 15 30.00 20.00-
--B&W - - -

*Note: LED lamps, though much more energy efficient toampact fluorescent lamps (CFL),
currently available commercial units are half aghirbut still six times more expensive than the
CFL units they are supposed to replace. TherefdB, based lamps should be used in very low
power systems, e.g. USB LED task lamps for notelmmokputers, small flashlights (pen-lights)
or in conditions where clear vision is not quitecessary such as in “way-markers” for
staircases, corridors or passageways; or in cirtamaes where the need for energy efficiency
far outweighs purely economic considerations.

6.2. Financing of PV in the Education System

Taking the Tanzanian Educational System as a typixample, we see that different levels of
institutions in the education system have not altferent ownership patterns but also different
scales of energy and especially electricity reqnésts. This double situation calls for different
financing strategies for different levels withireteducation system of one and the same country.
As seen earlier the Tanzanian main educationa¢syst divided into four main stages, namely:
Pre-Primary, Primary, Secondary (Ordinary and Adeanlevels) and Tertiary, with several off-
shooting branches into vocational training, sukfgssional and semi-professional training de-
parting from the main line at different levels esp#y after primary school. Efforts are currently
underway to upgrade first of-shooting level to cooméy after at least ordinary level secondary
school. The different school levels and offshodleges have different forms ownership patterns
and varying electric load characteristics, whichynmdluence financial decisions in the quest for
electrification of the educational system. In somel primary schools, direct stand-alone PV
may be the best option, whereas in some secondhppoks and vocational training centers, a
choice may be considered between purely stand-aodehybrid PV systems. In the current
absence of feed-in laws and tariffs, a hybrid systecorporating both mains grid and PV may
be introduced in some cases where institutionsraae mains grid only for power security rea-
sons, whereas more remote areas, a predictabledgularly fluctuating load may lead to pref-
erence of power supply system using a diesel-PVithgystem over a local mini- or micro-grid

page 6-4



for financial reasons. In some more remote areanebination of high petroleum fuel prices,
difficult fuel delivery logistics and land availdity for fuel crop farming, may favour introduc-
tion of plant oil or bio-diesel generating setsoirthe hybrid systems in place of the ordinary
standard diesel generating sets. Following herausrdea few examples:

5.1.1 Financing PV in Pre primary (preschool) education

The educational institutions at this stage are imginivately organised. There is seldom any
control or monitoring by the state, if at all. Asesult, statistical data about preschool centers i
currently not available. So, for the purpose of thiesis, financing of PV at day-care centers will
only be discussed in principle, about what shod@dlbne and how. Due to lack of government
support for preschool centers in Tanzania, finapnahany aspect of educational activity at this
stage, including any PV projects, will have to begtely financed through private arrangements
between owners of these institutions and finan@edior suppliers and installers of the required
services. State involvement may come in, if atoally indirectly in form of its influence as a
regulator and facilitator in other elements of pineject, for example as regulator in financial and
banking systems, general regulation of educatistahdards and health standards, land
acquisition and ownership, or settlement and dgretmnt control.

Educational institutions at this stage are mairdy-dare centers with activities mainly during
daytime. The main need for electricity at this leveeducational institutions would comprise of
powering information systems such as computers, their networking hardware drair t
peripherals, entertainment/edutainment gadgets ther children, as well as charging of
cellphones for teaching and administrative staff.

Daylighting through appropriate design of education facilisé®uld be more emphasised to
alleviate need for daytimelectric lighting. Night artificial lighting may be required in stand
children’s residential quarters if they are incldde a particular pre-school projediVater
pumping may also be an important PV application at a dagaenter especially in areas
without centralised water supply systems. Anothajomenergy need at these institutions would
be for preparing meals for the kids but this nead be better catered for by more traditional
systems, such as biomass (wood and charcoal), w¥itbhimproved fuel saving stoves would
constitute the most reasonable and environmemdiyecarbon-neutral solution. Alternatively
cleaner burning gaseous fuels, preferably biogdls specialized specifically adapted cooking
stoves would be more appropriate for many centémslogistically more accessible locations
liquefied petroleum gas or natural gas LPG, LNG inaynitially used).

Electricity demand calculations indicate that o@yPV modules @40Wor 50W, plus 3
automotive lead acid batteries, charge controlhet @ppropriate wiring are required but but any
financing plan must also include the necessary li§2id, at least one laptop and its peripherals
assuming the caretakers to already have their @lphones. Such a small hardware package
may cost betwee€ 1000 - € 200Qup-front cash. In the absence of either well distiadd
equipment supply systems or reasonable credititfasil as is currently the case in many
situations in tropical developing countries, suchamount should be included in the centre
financing project. (In developed countries suchGesmany, by comparison, such a hardware
package may be obtained for free in advance, @ fimancial credit repayable over two years in
addition to the communication costs according tailable customer service packages, such as
call & surf flat rates, or call by call packages.)

The major ownership pattern at this level is nomegomental institutions, mainly through pri-
vate, religious, or other charity organisationsergfore, the strategy for financing of PV in such
institutions (including not only the energy requments itself but also the gadgets that utilise the
energy, with PV energy resources only as a negessanponent to enable the gadgets to run)
should focus on the financial capabilities of thstitutions and their usual clientele, allowing for
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opportunities to repay the financial resources witteasonable interest, and within reasonable
time so that these resources can be used to firsimdar projects elsewhere.

6.2.1.Financing PV in Primary Education

Primary education in Tanzania is almost entirel\gtaite hands both by ownership and control.
Most of the primary schools in Tanzania are idemhdidates for PV based electrification
because they are located in rural areas without gonnection nor prospects for grid based
electrification in the near future. Similar to dagre centers, primary schools operate mainly
during daytime with children coming from their hasnelherefore, their electricity demands
should, ideally, be dominated by powering of ICvides such as cellular phones, computers,
their networks and their peripherals for teachiemyfhing and administrative activities to be used
by staff and pupils. The intensity of use of suddggts, however, is as expected to be higher
than for preschool day care centres. Other usds asiavater pumping, lighting and domestic
refrigeration would be necessary in limited specasdes and staff residential quarters.

For the general estimate of costs of PV instaltetion all primary schools in Tanzanian, it has
been assumed that all primary schools are day-$shaod so do not require night lighting, PV
is used only for powering ICT and only 45 laptopngmters are used at each primary school.
The current PV price index of 4.71 Euros/Watt Has &een assumed. Using the latest available
statistical data about school numbers and enrolnentanzania (for year 2007) with a
breakdown according to administrative regions (foeguivalent to German Federal States or
Lande) the financial requirements has been calculateshawn in table 6.3 below.

From this table it may be inferred that in orderrtm just 45 laptops per primary school in
Tanzania,70,3 MWp of PV would be required, costing 331.5million and€351.5 million for
the associatelCT equipment. The total cost would b& 682.7million. This capital investment
is presented in table 6.3 as a breakdown accordiragiministrative regions that may help in
implementing a phased project financing. In suclphased implementation, it is hereby
recommended to take preferaldyfew schools at a time in each regiomather than a few
regions at a time

Financing of PV in the primary education systeniranzania, should therefore, be viewed in
terms of financing the provision of ICT, for eduoaal and entertainment purposes and PV
itself only as a means of powering this ICT.

PV may be considered for water pumping and eletigiting purposes in the primary education
system in boarding schools for children with speoeeds and for staff residential quarters.
Some boarding facilities may also be provided favgie primary schools which, although now
increasing, are still rare. Financing of PV poweweter pumping in primary schools should go
along similar arrangements as for pre-school w#bihs or alternative methods involving both
the parents and the government may be devisedrdrttethod could be a credit to the school as
a special income generating project the cost wbaldecovered plus a reasonable margin for the
school through sale of water to the neighbouringumoainity. In such a case it is important to
consider alternative water sources and their dostee general neighbouring population, their
income and their set of priorities that determineanly their ability but also their willingness to
pay for the water supplied. In such a case the Pjegt may be used as a training ground for
future workers for both the water supply and P\talation industry.
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Table 6.3: Financial requirements for PV powering 6 ICT in primary schools in

Tanzania.
Administrative|Numb|Total Total powenLoad PV Energy|Total cost
Region of er of |pupll demand |equipment|equipment
Tanzania schoolEnrolmen cost cost
S t
(Std I-VII) (W) (€) (€) (€)
Arusha 524| 326414 2358000] 11790000{ 11106180 22896180
Dar es Salaam 428] 499590 1926000]  9630000f 9071460 18701460
Dodoma 894| 454760 4023000/ 20115000] 18948330 39063330
Iringa 871| 384149 3919500 19597500| 18460845 38058345
Kagera 1009 501041 4540500 22702500] 21385755 44088255
Kigoma 615| 362328 2767500] 13837500| 13034925 26872425
Kilimanjaro 902| 347092 4059000 20295000] 19117890 39412890
Lindi 446] 176219 2007000] 10035000] 9452970 19487970
Manyara 518] 275973 2331000] 11655000] 10979010 22634010
Mara 680| 422354 3060000/ 15300000] 14412600 29712600
Mbeya 1128 549374 5076000] 25380000] 23907960 49287960
Morogoro 1006 404575 4527000 22635000] 21322170 43957170
Mtwara 507| 243271 2686500] 13432500| 12653415 26085915
Mwanza 1157 812006 5206500 26032500] 24522615 50555115
Pwani 502| 217678 2259000] 11295000] 10639890 21934890
Rukwa 510] 287526 2295000] 11475000] 10809450 22284450
Ruvuma 700 280763 3150000 15750000] 14836500 30586500
Shinyanga 1096 694752 4932000 24660000] 23229720 47889720
Singida 453| 266780 2038500 10192500/ 9601335 19793835
Tabora 682 364503 3069000 15345000] 14454990 29799990
Tanga 906| 455777 4077000 20385000 19202670 39587670
Total 15624| 8326925|  70308000] 351540000 331150680 682690680

6.2.2.Financing PV in Secondary Education

Secondary schools are expected to be the majoidaded for PV electrification in the Tanzania
educational system in the foreseeable future. & result of a combination of factors, the
major ones being the level of education providedatondary level that encourages a more
intensive use of modern ICT facilities and equiptmsich as computers and their peripherals
and the current Tanzanian government policy of egjga of Secondary EducatigiMpango
Maalum wa Elimu ya Sekondari -MMESyhich has promoted the construction of many
Secondary Schools in all far flung areas acrossdhmtry, mostly in rural and remote areas far
away from grid services. Before introduction ofstpolicy most secondary schools were be built
near cities and towns with grid electricity. Desptheir now increasing numbers, secondary
schools are still not as widespread as primary @shand some pupils have to attend their
schools so far away from their home that they ameoeraged to look for alternative
accommodation near their schools. Construction toflents’ hostels and other boarding
facilities, either by the school authorities witlsichool premises or by private entrepreneurs near
targeted secondary educational facilities is culyamder way.

Demand for electricity in secondary schools is mbher than that in primary schools partly
because of the expected higher and longer use Dfd€ilities and other electronic devices as
well as a more clearly defined need for electighting in the boarding facilities. Electricity de-
mand in staff residence quarters is also highettypbecause of the higher living standard ex-
pected of secondary school staff with higher digptes incomes compared to their primary
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school colleagues, and partly as a means to atirattetain them in the newly opened secon-
dary education institutions in remote areas.

Electricity demand pattern at a Secondary schaatecealso varies over the 24 hour daily cycle,
peaking during the evening hours from sunset tauafi® Oclock at night, when most of the
pupils and staff are busy with their evening prapans. Afterwards, many are supposed to go
off to sleep and, therefore, most social and acadetivities go into low gear. In remote
secondary school centers far from the grid, thexg@yn demand pattern is a clear candidate of a
hybrid system, in which PV takes care of the main load during tfay and a diesel generator
kicks in for a short time after sunset to take aafréhe peak load and finally batteries (charged
by the PV and diesel generator) take over for tb&t 1of the night till sunrise. Such an
arrangement saves money on the PV modules arraghwias to be dimensioned only for the
daytime base load instead of the total maximum padegnand. It also saves money on the
battery storage system which has to be dimensitmathabilize ICT power supply and provide
low demand electricity for only a part of the nightdoes not have to be over-dimensioned for
the no-sun safety margin, as in ordinary standealBN systems so as to provide the power
security for given number of days without beinghaged, as this will be covered by the diesel
standby-generator. With the PV-diesel hybrid systémns overdimensioning and the associated
increment in initial capital investment, of thersige system is avoided.

In areas with enough land for cultivation of bottod and energy crops, fuel costs for the diesel
generator may be further reduced by using fuelfmiin locally grown energy plants e.g.
Jatropha curcas This is a measure of further reduction of totakte through reduction of
running costs and security against petroleum bassdosts. In addition, there are a number of
associated environmental benefits (through improevadon emission parameters) and social
benefits mainly as a means of providing additigobk, job security and associated incomes in
rural communities around these Secondary schoteugh Jatropha cultivation and fuel oil
processing.

13

Generalor fir
Diesel und
lotropha-Ol

Fig. 6.1: Schematic representation of a PV-Biodiekhybrid system supplying electricity to
a small village (Vocational training center) over docal microgrid system(Energiebau
GmbH)

In addition to modules and batteries, the poweragament of an autonomous PV power supply
system, includes charge controllers and invertatsthis contribute only minimally to the total
system costs. A complete comparison chart that eoespthe costs alternatives for PV stand
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alone or hybrid solutions would follow the traintbbught represented in table 6.4 below. How-
ever, due to their minimal contribution to overaVestment cost and the current volatility of
such costs, leading to difficulty in obtaining a@mt and long term valid data, especially labour,
the author considers it sufficient to consider thajor initial capital layout only, namely, PV
modules and batteries as well as diesel generséitsy

Table 6.4. Cost comparison for stand-alone PV and\RJatropha-oil hybrid

Option | Generation Upfront  Capital | Running cost| Comments
Number | Option cost items items
Basic PV olelgoniptioms
1. | PV alone. PV modules Distilled water Very little labour
distributed Batteries Charge Labour for module
controllers Inverters cleaning and
battery
2. | PV alone. centralised PV modules Distilled water exintelitdacdabour
Batteries Charge Labour for module
controllers Inverters cleaning and
Minigrid battery
Basic PV-hybrid options maintenance
3 | PV+Bio-diesel PV modules (few) | Fuel oil Lub-oil | More labour for the
PV for daytime Batteries (few) Filters Distilled | above named tasks
requirements (ICT) + | Charge controllers | water Labour plus biodiese
Bio-Diesel gen-set for | Inverters Diesel farming and regular
early evening + gen-set Minigrid gen-set
Batteries the rest of the maintenance
4 | righPetro-diesel PV modules (few) | Fuel oil Lub —oil | Same as above
PV for daytime Batteries (few) Filters Distilled | minus biodiesel
requirements (ICT) + | Charge controllers | water Labour farming
Petro-Diesel gen-set forInverters
early evening + Diesel gen-set
Batteries the rest of the Minigrid
Othenwgftions
5. | Petro-diesel + Diesel Gen-set Fuel oil Lub —oil | Labour for battery
batteries Batteries Charge Filters Distilled | and gen-set
controllers Inverters| water Labour maintenance.
Minigrid
6. | Bio-diesel+ Diesel Gen-set Fuel oil Lub—oil+ | Labour for
Batteries Batteries Charge Filters Distilled | biodiesel farming
controllers Inverters| water Labour battery bank and
Minigrid gen-set
maintenance
7 Petro-Diesel alone Diesel Gen-set | Fuel oil Lub-oil | Labour for gen set
Minigrid Filters Labour maintenance
8. | Bio-diesel alone Diesel Gen-set Fuel oil, Lub-oil, | Labour for
Minigrid Filters Labour biodiesel farming
and gen set
maintenance

For purposes of investment and cost calculatioms ilnportant to compare comparable factors
over a common project lifetime period. Differens®m elements have different life as observed
in real life situations or based on manufacturdega. However the most prudent project lifetime
consideration is based on the guaranteed lifespaaddfor most PV modules which is 20 years.
However, it is known that crystalline PV modulesiéa longer technical lifespan beyond the
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guarantee period. In real-life situations, most fAvdules at 25 years of age are known to still
give reasonable amounts of energy (i.e. within 8ftheir initial rating). Some installations
have been reported to last even 30 years and mbeecurrently emerging thin film technology
is promising to reduce the initial capital. Howedere to the current short guaranteed life time of
thin film PV modules, the Crystalline module islistihe best option for long term PV invest-
ment. However, it is to be hoped that Thin Filmhtealogy holds great promise if and will there-
fore The 20 project lifetime capital investmenttsosf different items are as summarised in the
following table hereunder:

Table 6.5: Project lifetime capital costs for diffeent power system components

S.No | System item Expected | No. of Unit initial | Item  unit
item life changes investment | cost  over
(years) over cost project
project lifetime
1. PV modules (Crystalline 20 lifetime 1 471 €Wp  4.71 /W
1 (b). | PV modules (Thin film) 10 2 2.36 €/Wp 4.7\
2 Batteries 7 3 1.31 €/Wh 3.93 €/Wh
3 Diesel gen. set 10 2 0.381€/W 0.762 €/W

Using the latest information on pupils’ enrolmentdeaching staff availability from the Basic
Educational Statistics for Tanzania (BEST) for 2@0v average Tanzanian Secondary School
was calculated to have 273 pupils and 8 teachiaff stembers. From available information
about current teaching programs in most seconddrgads it was seen that the main electricity
consumers in such a Secondary School were ICT (otergp& related technology) for most of
the day and mainly lighting for the night, and thghest lighting requirements are in the first 4
hours of the early evenings, approximately fromDgséh to about 10:00 pm (22:00 hours) Using
this information the power requirements and totlydelectric energy requirements and costs
are calculated as seen in table 8.xcv below. Theepof the required diesel generating set has
been estimated taking into account a generatarieficy (cos phi) of 0.8.

Table 6.6: Energy requirements in a typical Tanzaran Secondary school

Energy requirements Energy management resources drcosts

Activity | Total Daily Energy | PV modules| Batteries Equivalent
Power | requirement | requirement (80% DoD) Diesel generator
w Wh/d Wp Euro Ah Euro kw Euro
(kW) (kwh/d) (kWp) (kAh)

Lighting | 11652.35| 28344.30 5154 | 24275.34| 2953 | 46421.16] 14.57 | 11430
(11.7) (28.4) (51.5) =15.00

ICT 3696 28302.50 5146 | 24237.66| 2948 | 46342.56| 4.62 3810
(3.7) (28.3) (51.5) =5.00

TOTAL | 15348.35| 56646.8 10300 | 48513.00| 5901 | 92763.72| 19.18 | 15240
(15.3) (56.7) (103) =20.00

From the above table, it can be seen that the Bdpla hybrid system has lower capital
investment costs compared to PV alone. This is fieeinference that if the whole secondary
school were to be run on PV alone, then the nepesgafront capital layout would be as
follows: PV modules, ( € 48,513.00) + Batteries
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Table 6.7: Cost comparison between PV-stand-alon@d PV-Jatropha Oil hybrid for
powering Secondary School.(based on the current pgoams in Tanzania)

Options PV Batteries Gen Power Total Remarks
Modules set Management | capital
(Inverters/ invest.
charge
controllers)
PV stand- 48513.00| 185526.44 Charge control | 245926.74| Battery
alone option (=2x 4796.36 + storage has
for the whole 92763.72) Inverter to be
Sec. School 7090.94 doubled for
=11887.30 power
PV-hybrid 24237.66| 46342.56 15240 Charge contrpB8682.77 | Battenity
with Diesel 1155 + inverter capacity has
Genset 1707.55 to pack is
running on =2862.55 just for PV
Jatropha oil system
tabil

From the foregoing analysis we see that capitastments are lower in a PV-ja?rophgyoil hybrid
than in PV stand alone solution. With the samel to&d, PV modules are fewer, calculated to
take care of only the daytime portion of the loaginly ICT, the generator set takes the evening
peak, while batteries which are only a quarterhef $stand alone capacity, take over the rest of
the night and assure stability against solar raiafluctuations during the day. The main
running costs emanate from daily fuel consumptiod maintenance service of the generator.
However, with fuel being locally produced from Iigagrown Jatropha plants, the whole picture
looks more attractive than purely stand-alone PV.

A cost analysis was conducted and it was found dhdhe current (2008) level of prices and
school numbers, it is possible to electrify all @stary Schools in Tanzania, using tR¥-
Jatropha Oil hybrid system at a cost slightly more thaB23 million Euro, in capital
investment for purchase of PV modules, batteriasygn management equipment (charge
controllers and inverters) as well as diesel engererator sets modified to run on Jatropha Oil.
A regional-by-region breakdown is presented ingahB. Location of the secondary schools is
an important criterion for funding of PV electriditon. In some regions such as Dar es Salaam
and Kilimanjaro where land is scarce and conveatignid electricity is already available, the
best electrification option is just simple grid oaction. In remote rural areas far away from the
grid the above cited example of PV in hybrid witiirdpha oil is indeed the best electrification
option. Some regions, eg Rukwa require as low aso B&7 million. In these least
technologically developed areas with low populati@msities and ample agricultural land where
Jatropha could be easily grown and maintained tirdharnessing local labour, this is indeed a
good option to seriously consider.

The ownership pattern of Secondary schools in Traazes highly mixed. Some Secondary
schools are traditionally owned by the governmeatne are owned by religious organisations,
others by community organisations partly helpedtihy government and others by private
organisations and individuals on commercial basisancing of PV in secondary schools will
have to take into account all these different fexcguch as forms of ownership and location of
individual schools, availability of agriculturaldiors for growth of Jatropha plants as well as the
varying financial capabilities and the generallgher energy demands in secondary schools as
compared to primary and pre-primary institutions.
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Table 6.8: Breakdown of Capital layout in Euros forelectrification of Tanzanian Secondary schools usgy PV-Jatropha oil hybrid system.

Cap. Invest. for Cap. Invest. for Cap. Invest. For Cap. Invest. for Cap. Invest. for Total Capital
Number of Sec. PV modules Batteries Power Mgt. Eqpt PV total Diesel. Genset Invest

Region Schools [€] [€] [€]. [€] [€] [€]
Arusha 149 3611411.34 6905041.44 426519.95 10942972 2270760 13213732.7
DaresSalaam 241 5841276.06 11168556.96 689874.55 69971@7.6 3672840 21372547.60
Dodoma 173 4193115.18 8017262.88 495221.15 12705599 2636520 15342119.20
Iringa 193 4677868.38 8944114.08 552472.15 14176454 2941320 17115774.60
Kagera 184 4459729.44 8527031.04 526709.20 13518469 2804160 16317629.70
Kigoma 102 2472241.32 4726941.12 291980.10 7495162, 1554480 9045642.54
Kilimanjaro 293 7101634.38 13578370.08 838727.15 518731.6 4465320 25984051.60
Lindi 89 2157151.74 4124487.84 254766.95 6536406.53 1356360 7892766.53
Manyara 85 2060201.10 3939117.60 243316.75 6242635. 1295400 7538035.45
Mara 152 3684124.32 7044069.12 435107.60 11163301 316480 13479781.00
Mbeya 245 5938226.70 11353927.20 701324.75 17998478 3733800 21727278.70
Morogoro 174 4217352.84 8063605.44 498083.70 124790 2651760 15430802.00
Mtwara 124 3005469.84 5746477.44 354956.20 9108803. 1889760 10996663.50
Mwanza 253 6132127.98 11724667.68 724225.15 1858802 3855720 22436740.80
Pwani 172 4168877.52 7970920.32 492358.60 12632156. 2621280 15253436.40
Rukwa 76 1842062.16 3522034.56 217553.80 5581650.5R 1158240 6739890.52
Ruvuma 138 3344797.08 6395273.28 395031.90 10135102 2103120 12238222.30
Shinyanga 265 6422979.90 12280778.4 758575.75 BR46P 4038600 23500934.10
Singida 114 2763093.24 5283051.84 326330.70 8372875 1737360 10109835.80
Tabora 129 3126658.14 5978190.24 369268.95 9473317. 1965960 11440077.30
Tanga 294 7125872.04 13624712.64 841589.70 21592174 4480560 26072734.40
TOTAL 3645 88346270.7 168918631.2 10433994.8 26’3898 55549800 323248697
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6.2.3.Some questions relating to the Jatropha economy

In Jatropha and any other energy crops’ cultivaschemes, there are a number of other
issues, pertaining to agricultural land managemeamd food security, that need to be
addressed. In the interest of better agricultuaaldl management, monoculture, in form of
specialised large scale Jatropha plantations mastauwided. The question of biofuel
cultivation for export purposes taking over landl dabour for local food production must
also be carefully addressed. An adverse link betweerease in biofuels cultivation and the
rise in food prices is currently under discussidhe World Bank claims that the biofuels
boom is responsible for 75% of the increase in g@ldbod prices since 200®FID 2008) In

this particular case, however, the Jatropha play be grown as a living hedge around small-
holder farmers’ plots or by intercropping with otheaditionally grown food or “cash” crops
in specialized small-holder farmstead sectionserathan large commercial plantations. In
addition, all the products of the Jatropha industmy (must) be locally utilised. The oil can be
used not only for the generator but to power otliesel-engined machines such as tractors
and transport vehicles, thereby saving money orepensive petroleum diesel and saving
the environment through reduced carbon emissior. priess-cake residue from Jatropha oil
processing can be used to generate biogas formpakid running gas-engine vehicles and
other machines. Finally the residue after biogaseg®ion may be used as soil fertiliser. The
fact that Jatropha itself or its oil is not fooddatne plant cannot be eaten by animals is an
important argument in its favour and against it.eW¥Iplanted as a living hedge around food-
crop plantations, then in addition to fuel prodactiand other advantages cited above,
Jatropha also helps protect food plantations orlleolder farms against being eaten by
animals and other food pests. In large monocukxmort-oriented plantations, however, the
fact that Jatropha is inedible presents the ststrggument against it in that such plantations
take land and labour resources away from food prtboiu

6.3. Financing of PV in rural health care

Most basic healthcare facilities (dispensaries)Tanzania are owned by the Government
through local (district) governments. These dispers are mostly situated in rural areas
without electricity. Because of their sizes andpscof activities, functioning mainly by day
and carrying out no major surgical operations, éhéispensaries are candidates for stand-
alone PV.

The second higher level, bedded dispensaries aalthheenters, are also situated in rural
areas but because of the scope of their activitiey, need 24 hours electricity supply which,
if not supplied through the mains grid, then a lodeesel powered minigrid is usually
installed. These ones could benefit from a PV-Bisdl hybrid with the biodiesel part running
on Jatropha oil, just as it has been demonstrdiedeafor secondary schools. The power of
the Bio-diesel generator should be calculated ke tare of the maximum load, but the bat-
tery only reduced to the minimum capacity to poter base load, with no reserve capacity.
In case of an envisaged higher power demand (tehigower security demand, e.g. during a
surgical operation) the bio-diesel generator mayna@ually started. It may also be made to
automatically switch-on when the battery state lidrge reaches a preset critical minimum.
This saves on battery capacity over-dimensioningragnergy security margin. The exact
financial requirements may be decided on a caseasg basis depending on the size and
complexity of the health facility.

6.4. Financing of rural public administration

As for public administration in rural areas, allofia offices below district level do not have
power supply and therefore, no electronic publim@dstration information systems (PAIS)
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which is necessary for their effective and effitiemction. At the lowest government admin-
specialised working place but works from his ownig®or some rented premises. Above this
officer, there ere are two main administrative Isythe Ward Executive OfficdOfisa Mten-
daji wa Kata)and the Division Executive Offic@dfisa Mtendaji wa Tarafajvhich come just
before the District Executive OffisicéOfisa Mtendaji wa Wilaya)These two officer above
village level usually sit in some kind of officialorking place, often co-located with rural
justice delivery offices i.e. primary courts, budtem without any electronic information sys-
tems, neither for Public Administration (PAIS) rior Justice Administration (JAIS). They
usually use handwritten paper based documentstamesamay have a manual typewriter. It
is at these lower levels where PAIS’s, and PV tagrothem, are required. District Offices
(Ofisi za Wilaya)are usually located in towns which are usuallgteiged from local public
grid or connected to the main National Grid Syste&hectricity problems at District level are
mainly associated the security of supply rathen thetual presence of power supply.

The financing of PV for Public Administration invi@r rural instances must, therefore, be
considered in terms of provision of complete PuBléiministration Systems, beginning with
specialisedffice buildings equipped with the necessdrgrdware and softwarefor public
administration information systems (PAIS) all poeerby a matching PV system. (For
facilitation of system administration, a completehtegrated PV powered e-Government
system incorporating PAIS, JAIS, e-Police and eHfetacilities, may be installed at each
village, and integrated through an appropriate compation network protocol, (LAN,
WAN, GSM, GPRS, UMTS, Mesh Networks etc.) all thaywup to district and national
levels, in which different officers may have accéssted to their own areas of activities.
Training of the officers and system administraiorfoth PV and ICT should also form part

%g'g&qgl%pﬁllese installations are as presentedble 6.9 (a, b, ¢)
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Table 6.9(a): PV & ICT hardware costs calculationdor local government administration offices

PV system | PV system PV+ICT PV +ICT
PV module | PV module ICT cost ( cost (with | system cost | system cost

cost cost (thin Battery equipment w/cryst. thin film (with cryst. | (with thin

(crystalline) film) cost cost Mod.) mod.) mod.) film mod.)

[€] [€] [€] [€] [€] [€] [€] [€]

Vijiji 5196825,60 | 2603929,60 | 542025,60 | 10344000,00| 5738851,20| 3145955,20 | 16082851,20 | 13489955,20
Mitaa 881712,00| 441792,00| 91962,00| 1755000,00| 973674,00| 533754,00| 2728674,00| 2288754,00
Kata 1604540,00 | 803973,33| 167352,50| 2555000,00| 1771892,50| 971325,83| 4326892,50| 3526325,83
Tarafa 388857,60 | 194841,60| 40557,60| 516000,00| 429415,20| 235399,20| 945415,20| 751399,20
TOTAL 8071935,20 | 4044536,53 | 841897,70|15170000,00| 8913832,90| 4886434,23 | 24083832,90 | 20056434,23
TOTAL CHK | 8071935,20 | 4044536,53| 841897,70|15170000,00 | 8913832,90| 4886434,23|24083832,90 | 20056434,23

Table 6.9 (b): PV & Home appliances hardware costsalculations for local government administration saff housing

PV system | PV system

Home cost ( cost (with PV (cr) PV (thn-flm)
PV cost PV cost Battery appliances w/cryst. thin film sys+Home | syst+Home
(crystalline) | (thin film) cost costs Mod.) mod.) Appl. cost Appl.cost

[€] [€] [€] [€] [€] [€] [€] [€]
Vijiji 7881852,16 | 3949293,23 | 822072,16| 3103200,00| 8703924,32| 4771365,39|11807124,32| 7874565,39
Mitaa 1337263,20 | 670051,20| 139475,70| 526500,00| 1476738,90| 809526,90| 2003238,90| 1336026,90
Kata 1946841,87 | 975487,64| 203054,37| 766500,00| 2149896,23| 1178542,01| 2916396,23| 1945042,01
Tarafa 393178,24 | 197006,51| 41008,24 154800,00| 434186,48| 238014,75| 588986,48| 392814,75
TOTAL 11559135,47 | 5791838,58 | 1205610,47 | 4551000,00 | 12764745,93 | 6997449,04 | 17315745,93 | 11548449,04
TOTAL CHK | 11559135,47 | 5791838,58 | 1205610,47 | 4551000,00 | 12764745,93 | 6997449,04 | 17315745,93 | 11548449,04

Table 6.9 (c) Totals for ICT & housing costs

Total for
ICT+Housing

19631070,67

9836375,11

2047508,17

19721000,00

21678578,83

11883883,28

41399578,83

31604883,28
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6.5. Motivations for funding institutional PV projects i n developing countries

PV projects, with their usually large upfront capiayouts, are generally expensive. Concern for
the environment alone would not be enough to mtgivaost implementers to use the solar
option. Therefore, another good motivation for fungdof PV project must be found and put
forward before finance can be obtained. In mosegdkis could be the stated as a need for the
particular service with PV as the most approprigieans of powering the provision of that
service. A commercial or entrepreneurial justificatof the investment would motivate most
financial sources. A governmental leaver in form &f law, regulation or enforceable
implementation standard can force some serviceigeoy to comply. Economic leaver in such
as special subsidies and similar incentives mayei@loyed. In developed countries these
incentives are made in form of various subventiayg] feed-in tariffs and other legal and
financial instruments. In Third World countrieschuan approaches haven't yet been tried partly
because of politicians’ and law-makers’ ignoranigmjted state funds in face of other state
priorities, low purchasing power of the target plagon groups and missing grid coverage.
Another motivational option i¥Creative capitalism” which according t®ill Gates (2008)is a
philanthropic approach by big corporations, whi@s flsubsequently been modified ldartin

Wolf (2008) ) ) .
6.6. PV project financing strategies

Introduction and application of PV in educationaliecare and public administration can be
implemented following a number of action plans whnsay be commercial or not:

6.6.1. The non-commercial model in PV project financing
Non commercial implementation strategies includggmt implemented:

* As purely government grant funded projects (withoast recovery intentions). Such
projects can be financed by the government as n&sgaoject, industrial promotion
projects or just energy demonstration projects.

* As government loan funded projects (with an elenoémiost recovery). In this particular
case the money may be refunded by user paymemsgtnra specialized scheme. The
government merely provides the resources to surinibenso called “initial investment
barrier”.

* As purely private funded projects (on philanthrogrounds, without cost sharing nor
recovery motives). This can be implemented by aapei welfare institution or by an
individual with enough resources and good interstion

6.6.2. The partly commercial model in PV project financing

A PV project may be funded by a combination of gangent grant and private investment in a
Public Private Partnership (PPP).In this case it may have a reduced cost recoMergent for
only that part that is privately funded. The pravgiart of the cost may be met by the users as
payment for the services rendered though the P\e@roFor example, if a PV powered
telephone service or internet café is partly fungdhe state and private investor then the users
may repay the private part through reduced telepluilfs or internet use rates compared to what
they would have paid had the service been fullygtely financed.

6.6.3. The commercial model in PV project financing

The commercial mode, i.e. when implemented as pym@ate funded commercial projects (al-
ways with cost recovery +profit) is interesting aese it is most likely to intereptivate com-

mercial finance organisations but only if the possibility of restig a profit can be seen. PV
may be supported as an independent part of a biggestruction project e.g. village or urban
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development schemes in which solar powered pubhdee buildings such as schools, dispensa-
ries or local government administrative centers lbdarm a part. The solar and especially PV
component would be relatively small compared to dkierall project finance required, but its
impact in terms of advantages derived from theisesvobtained or simplified would be great.
In this case PV is selected from several elecyrisitpply options, where economic calculations
may help to justify the choice. The position of PMhis capacity would be further strengthened
by such factors as:

* Remoteness of the project location from an existiegtric supply grid.

* Bad or inexistence of road networks contributingota transport logistics for regular
supply of fuel and spare parts for conventionasidldsiel based generation.

» The rising fuel prices further complicating the edsr the fossil fuel alternative is a big
incentive favouring the alternative energy systemhkiding PV.

» Other deliberate incentives such as carbon taxexamvention electricity, tradable
carbon credits for the projects, etc.

In all these cases, whether commercial, partly cemsral or non-commercial, the need for
“economic efficiency” (doing more with less resoercis always present. Therefore in
implementing all these projects a “value for moneghsideration must always be made. The
best parts and processes in the then prevailingeapdcted immediate future circumstances,
whether (political, social and economic) must Hected and clearly stated.

Payhack time

Payback time
($8/W, 2.5 sun-hours, varying discount rate)

(8 sun-hours, 5% discount rate, varying system prices)
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Fig. 6.2: PV project economic evaluations through gyback period considerations

In finacing such projects, especially in developamyntries, governance quality must be high.
No corrupt practices should be tolerated at aleesly by those in power. Unfortunately, cases
have been noted lack of government control oveanfomal institutions, (through ignorance or
vested interests by high ranking government officiand/or their families, connivance of
political and business figures) is a weakness tihiaatens to discourage interest of financial
institutions investing in the PV sector at reasdmahtes, by offering them alternative “highly
profitable” albeit temporary and risky opportungtithrough corrupt and unethical practices. An
infamous example is the case Bhyport Financial Services where a private financial
institution (partly?) owned by a close relative asf important political figure in Tanzania, to
lured school teachers into taking credits char@8@% interesMbwambo (2008)°°] exploiting
their poverty, desperate need for cash and igneramout the institution’s policies. Some
concerned individuals and organisations such asspaxency International (TI) are fighting
hard against such practicdsansparency International (2008)

%5 http://www.raiamwema.co.tz/08/07/23/mbwambo.php
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6.7. PV project implementation strategies

There are several mechanisms of implementing Pjégioeither alone as self standing projects,
as additions on existing buildings or as integeat pf new building project.

The implementation strategies are selected depgnaim project size based mainly on the
requirements at the project implementation areasaaglable resources, which are themselves a
result of the selected financing strategy.

» The project itself can be a relatively small oneantrated on one or several buildings
all at one location (usually as a demonstratioamall commercial project, or a special
project to satisfy local specific needs).

* Medium sized projects may include several PV ithetiahs over a larger area, say one or
several an administrative districts or regions.

» Large scale implementation plans are usually natide.

Both medium and large scale projects are bettatidates for partly and completely commercial
financing because of the relatively larger potériiafits even at low interest rates coupled to
the relatively smaller share of per unit administecosts or debt recovery measures in case of
defaults. Depending on the financial rules, theywsually implemented in phases which may be
distributed only geographically e.g. at least ochosl|, dispensary or health center in each
district, or region of the project zone (for medisined projects) or of the nation (for large scale
projects). A time phased and geographically digted project implementation schedule may be
instituted and sub-divided by objects e.g. at least PV powered school in each district or
region or only PV powered computer labs at all sdeny schools in the whole nation.

There would be completely commercial financing f Were already profitable at a large scale.
However, so far the best way of financing PV is l[mubvestment by the state alone or in
partnership with private capital. Many differenhdhcing mechanisms can be implemented by
such agencies as the World Bank, The German BanRégoonstruction (KfW) etc. Different
programs such as the Carbon trading and the “Clzarelopment Mechanism” (CDM) are
already in progress. In developed countries staé®e also used their power to institute legal
measures such as emission limitation laws, carbwest or economic incentives such as feed-in
tariff. In the Third World however, some of theseasures cannot be directly transposed partly
because of the missing industrial and economicagtifucture. One cannot effectively speak
about feed-in tariff when most of the potential rigryeusers are not grid connected, and the grid
itself is not yet reliable even for the few conmetusers. For example one cannot speak about
effective carbon emissions reductions in productidmen actually all the production is still
based on primitive human or animal power, or whiemnlass is the main source of energy for
heat production is still biomass based. In suclasaenvironmental management concepts of
“deforestation control” and “land management” arerenappropriate. However, these ones have
limited direct bearing to PV applications excepthe case of PV-Biodiesel hybrid systems are
concerned.
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Summary of Chapter 7: This is the final chapter of the thesis. It summesithe
whole work and its findings. It is also closing lwia set of conclusions and
recommendations.

7. CONCLUSION and RECOMMENDATIONS

7.1. Summary of the work

Energy and electricity in particular, is a key e@min development of any community, society
or nation. Access to and use of electric energlgeasmost important single factor that determines
the pace of development of a country and its pedpléhird world countries, most of which are
tropical, this vital resource for development igl shissing and the prospects are that if we
continue with the “business as usual” ways of tligkand operation, the term “Developing
Countries” will actually be meaning the oppositeitsklf. This work was conducted in order
demonstrate a new way of thinking and acting, stoanable Governments of technologically
underdeveloped countries, most of which are tréptoadischarge their duties to their people,
using the most traditional of all energy resourites is very abundant in their region, the sun, to
power modern technologies including the most modamly of technologies, Information and
Communication Technologies (ICT) by which our age how come to be known.

The accomplishment of this work has been achielmeigh a number of methods that included:

* Information collection about the state of the ariegkamination of documents in various
libraries and via the Internet.

 Examination and analysis of available related siatl data, for Tanzania and other
countries.

» Field studies of some cases in Tanzania and abnvadving PV in rendering services
similar to the intended ones for broader applicatio

« Site visits and attendance of exhibitions and camees has proved to be a valuable
source of both academic and industrial informatizet has been utilised in this thesis.
Meetings with PV components manufacturers, systeemers and integrators, for
example, gave information about latest developmentsthe technology and its
applications.

» Selection of a single Tropical Developing Counifgnzania, use as a typical example
and review of its Government set up, to estabhghrole of PV in facilitating the daily
activities of each government ministry and the dafyeach particular government
ministry to enhance greater utilisation of PV
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Calculation of energy demand in a few sample ty@eavice facilities (e.g. school, hos-
pital and public administration buildings) and reige of the same incorporating PV un-
der tropical conditions.

Actual design or improvement of existing standagdign in view of incorporation of PV
under tropical conditions.

7.2. Findings and Recommendations

The main finding of this research is that photosick (PV) as a source of power is a highly
suitable strategy in order to improve the perforoganf public institutions in providing their
services including healthcare, education, publimiadstration, police work and justice delivery.

In details these findings could be shown as foltows

a)

b)

d)

Chapter 3 presented an analysis of power needstladpotential of use of the
photovoltaics technology in the most significantgmment ministries in Tanzania. This
analysis shows qualitative and quantitative demf@ancelectricity as effective base for
application of Information & Communication Techngfo (ICT) besides the building
services. The ministries, therefore, have a rol@l&y in enhancing wider use of PV

tl%gn(%c?ﬂgnd for ICT and hence for electricity isd@ly distributed at national level
rather than centralized, and this demand is mougedrelow district level, especially in
rural areas outside district headquarters whecegpwer is not available.

Therefore, distributed power generation as a dealeregd option for generating power
proved to be the most appropriate solution. In tbspect, photovoltaics in form of stand-
alone and hybrid installations is ideal to satififiys demand in a short time without
waiting for construction of a nationwide power gsigstem.

It is possible to implement this appropriate schémgeparate units both small and large
(piecemeal realisation). Chapter 4 shows througlhiraber of case studies in education,
healthcare and public administration some estimateshe electricity needs and
photovoltaics requirements. For example, the 156#dary schools in Tanzania by 2007
would require 70.3 MW of stand-alone PV equipmertting € 331.5 million and €351.5
million for the associated ICT equipment. The ta@pital investment cost in this respect
would be € 682.7 million. For secondary schoolpeeglly those in remote rural areas,
PV-biodiesel hybrid systems proved most appropridiere normal diesel generators
modified to run on Jatropha oil are used. Capitaestment requirement for them was €
267.7 million for PV systems coupled with €55.5lmil worth of diesel generators, the
whole investment totalling € 323 million. The exdtjures for both primary and
secondary schools are presented in breakdown asga administrative regions and it
is proposed that in the absence of funds to imphe@meountrywide school electrification
project then a phased implementation strategy eaadbpted starting with a few schools
in each region rather than a single or a few regyaira time.

The structure of government service is a hierasthi@ationwide organised chain of
command, and this is a great advantage in implangensuccessfully this new

technology because of the inherent discipline aodtrol mechanism that enables
accountability. On the other hand, however, aestainopoly of power generation and
distribution dies out in line with worldwide derdgtion of the power sector, a form of
Public Private Partnership (PPP) seems to be remgess order to create good
environment for private sector participation in ffmver supply systems, especially with
small and medium scale distributed power generatonditions in which PV stand-

alone and hybrid systems operate in Tropical Deiefp Countries. For confidence
building, a measure of state intervention in PPRhwinancial involvement and

regulation of both technical and financial aspesftgpower supply and distribution is
necessary
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f) Chapter 5 develops and specifies building integrateotovoltaics (BIPV) for the special
case of the tropics. The tropical solar path weghsenal declinations in both North and
South orientation and intense solar radiation m®dokecessitate quasi-horizontal
installation of PV modules in order to achieve gtiroal efficiency and the best annual
solar harvest. Intense ventilation of BIPV moduleslso critical to avoid overheating
and subsequent efficiency reduction. Alternativdss heat sensitive thin film PV
modules are to be preferred to crystalline modualed therefore encouraged. Local
assembly of BIPV roof elements before installatieng. lamination of flexible PV
material on substrates, is to be encouraged imtheest of cost reduction and manpower
training. The low availability of mechanized ingadion necessitates PV system design in
small components to facilitate manual hoisting arsdallation. These detailed technical
studies enabled realistic assumptions for PV engigg and investments.

g) Financing models are available for implementatidbisroall and large unit PV powered
public service projects. Chapter 6 investigatedouar financing strategies for exemplary
projects, including investment costs and estimglalgback periods. It has been found
that the best approach to financing PV electrifaats that the choice between stand-
alone and hybrid PV alternatives is be based onepaequirement and power demand
pattern, with a constant low daytime power demasnbdiring stand-alone PV while
occasional short high power demands above a low lmesd, favour the PV-biodiesel
hybrid alternative. In the power system both the @dules and Balance of system
(BOS) subcomponents such as wiring, charge coatsplbatteries, inverters and loads
should be carefully selected and matched for arrativeptimal performance, both
energy-wise and in economic/financial terms.

h) Of particular importance it has been shown that kst candidate PV is the local
settlementgmitaa) wards(kata, shehiya)and divisions(tarafa). Although their power
demand for administrative use of ICT and staffdestial quarters is low, the effect of
availability of PV powered ICT at this level willpgeed up the administrative
communication network both horizontally and vetticathrough the government
hierarchy, thus making the effectiveness of thesgmee of the government to be felt even
in the remotest corners of the country.

7.3. Outlook

This study is fundamental for implementation of tausable energy supply for powering
government services in tropical developing coustriehas shown that sunshine, (solar energy),
which is an abundant resource in these countrs be utilised to generate the necessary
electricity to run many government services (botiblig and state services) which are now
facing problems in delivery because of lack of gger

This study has also opened doors for further rebeand other activities related to solar energy
applications, such as the following:

* Demonstration projects for public buildings on lodavel. Monitoring, analysis,
assessment, recommendations for future implementati

* More detailed programs for implementation of specgublic services projects (e.qg.
education, health, public administration, policemd justice administration) at district or
national level.

page 7-3



8.

BIBLIOGRAPHY

A list of all websites referred to in this researchare reported below. The code [x] is used
throughout the manuscript as reference quotation.

WEBLINKS

[1]

[2]
[3]
[4]

[5]
[6]
[7]

[8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]
[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

http://www.tanzania-
online.gov.uk/Business/businessdirecto_/countryl@cbuntryprofile.htm#climate
http://www.aravind.org/research2007/index.asp. Ard\Research Centre, India.
http://www.cmaj.ca/cgi/content/full/165/6/780
http://www.globalwarmingart.com/index.php?title=lgeaSolar_Spectrum.png&printable=
yes

http://www.treehugger.com/files/2007/04/stateofthea.php

www.csgsolar.com

http://www.rewarestore.com/tech_thinfilm.html &
http://www.rewarestore.com/reducation.html
http://www.sciencedaily.com/releases/2008/09/08098810.htm)
http://www.batteryuniversity.com./partone-3.htm
http://mww.mpoweruk.com/chemistries.htm
http://www.sonne-ueber-mbinga.de/diagramm.php?prev
http://www.senternovem.nl/energising_developmentksibop_on_biofuel production_fro
m_jatropha.asp.
http://www.terradaily.com/reports/EU_nations_waimogeration_with_China_on_Africa_
ministers_999.html.
http://www-cs-students.stanford.edu/~cale/cs20Xthpal.comp.html
http://www.solarcosa.de/Shop/Motorola_FreeCharge2ad=186
http://www.washingtonpost.com/wp-
dyn/content/article/2006/10/02/AR2006100201462 ralht

www.lamtrac.se

http://lwww.eassy.org/

http://www.csee.usf.edu/~christen/energy/lit.ntml
(http://www.wupperinst.org/uploads/tx_wibeitrag/wpaf
http://www.ippmedia.com/ipp/nipashe/2006/11/28/728eml
http://minerals.usgs.gov/minerals/pubs/country/Z2®8yb03. pdf
http://www.self.org/benin_solar_irrigation_projexdp SELF website
http://www.partners4africa.org/docs/PartnersFordsiNewsletter-May2005.pdf.
http://www.worldagroforestry.org/downloads/AF%20i80#Action/1%20A%20magic%20
recipe.pdf
http://www.civil.soton.ac.uk/research/researchdisp?ResearchGrantID=275
http://www.oecd.org/dataoecd/35/11/34682317.pdf
http://globalis.gvu.unu.edu/indicator.cfm?Indicdix147&country=TZ#rowTZ
(http://www.earthinstitute.columbia.edu/news/200a1Ag11-01-04c.html)
http://www.robertlipinski.com/projectSriLanka.html.
http://www.robertlipinski.com/pdffiles/productflyB6L400SOX250W.pdf
http://www.microenergy-international.de/
http://www.tzonline.org/pdf/basicstatisticineducatipdf,

www.laptop.org.

page 8-



[35]

[36]

[37]
[38]

[39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]

http://www.german-renewable-
energy.com/Renewables/Navigation/Englisch/Biomasse-
studies,did=183292,render=renderPrint.html Renesvebkergy Made in Germany*
http://www.heartware.nl/rsrch.html#rsrchgodg althcare througppropriate and
ReliableTechnology (HEART)

http://www.tanzania.go.tz/health.html Ministry okblth Statistical website
http://www3.who.int/whosis/core/core_select_prooefas?country=tza&indicators=health
personnel&intYear_select=all&language=en World treatganisation (WHO)
http://www.dometic.com/templates/fp.aspx?id=496
(http://www.health.gov.au/internet/wcms/publishimgf/Content/health-ehealth-
broadband-grants.html).
http://www.esa.int/esaTE/SEMGBL4DHNF _index_0.html
http://esri.energyprojects.net/
http://clintonglobalinitiative.net/NETCOMMUNITY/Pagaspx?&pid=444&srcid=444
http://www.photontek.com/

http://www.engineeringtoolbox.com/
www.solarserver.de/solarmagazin/solar-report_066ime Hug (2007)
http://www.architektur.tu-darmstadt.de/powerhoub&d8,id_4,s Projects.fb15
www.solarintegration.de/showpic.php?file=uploadspt& &
http://www.solarintegration.de/index.php?id=15
http://www.sonne-ueber-mbinga.de/fotoalbum.php®s®a& http://www.sonne-ueber-
mbinga.de/fotoalbum.php?start=1
http://www.solarintegration.de/index.php?id=15#

www.solarbuzz.com

http://www.raiamwema.co.tz/08/07/23/mbwambo.php )
http://www.esi-africa.com/last/ESI_2_2002/ESI2_02_2.htm
http://www.leeric.lsu.edu/bgbb/7/ecep/comfort/comfam
http://www.leeric.Isu.edu/bgbb/7/ecep/ecep.htm
http://www.leeric.lsu.edu/bgbb/7/ecep/hvac/j/j.htm
http://www.senternovem.nl/energising_developmentksiop_on_biofuel_production_fro
m_jatropha.asp

page 8-l



REFERENCES

Ahlenius (2006)United Nations Environment Programitd&EP/GRID-Arendal
http://maps.grida.no/go/graphic/nigeria_and_thesHweater challenge .

Ahmad H. H., Vincent T., Azah A., Wei-Nee C., DanieR. (2007 "Equatorial sunshine: The
Malaysia BIPV programme” in Renewable Energy Waostd. 10 Issue 1 January /
February 2007. http://www.ptm.org.my/
bipv/news1/2007/February/Renewable%20Energy%20Weit @+
%20Equatorial%20sunshine%20The%20Malaysia%20BIP\f¥eétffamme.htm

Aitken D. W. (2003)“Transition to a Renewable Energy Future” ISES \&jbéper, Freiburg

Aman, J., Ahmed, F., Islam, M. (2004)Prospects of Renewables for Rural Electrification
Bangladesh” in George Chakravarthy, Anand Shukkand Misra (Eds):
Renewables and Rural Electrification. Energy anaiSenductor Research
Laboratory. Institut of Physics, Carl von OssietkizUniversity/DAAD Oldenburg,

Asamoah-ggéma@,/de Backer H., Dologuele N., Emlaol., Groth S., Horsch A., llunga T.
B., Mancini P., Molefi M., Muchenje W., Parentela G, Sonoiya S., Squires N.,
Youssouf M., Yunkap K. (2007)‘eHealth for Africa: Opportunities for Enhancing
the Contribution of ICT to Improve Health Servicé&giropean Journal of Medical
Research. 12 (Suppl I): 1-38

Aste, N., Chisea, G., Verri, F. (2007)Design, development and performance monitoring of
photovoltaic-thermal (PVT) air collector” in Reneb@ Energy. 33, 5: 914-947

Basore P.A (2002)Pilot production of Thin Film Crystalline Silicoon Glass Modules”
presented at the #Photovoltaics Specialists Conference, New Orlekussitute of
Electrical and Electronics Engineers

Basore P.A (2003)Large-Area Deposition for Crystalline Silicon onaSs Modules”
Presented at thé®aVorld Conference on Photovoltaic Energy Coverssaka,
May 2003

Basore P.A. (2005¥Crystalline Silicon on Glass Device optimizatioRfesented at the 31
IEEE PV specialists Conference, 3-7 Jan. 2005, [Balena Vista, Florida, USA
Institue of Electrical and Electronic Engineers.
http://www.csgsolar.com/downloads/CSG_Press PVS&#0D5.pdf

Basore P.A. (2006a)JCSG-2: Expanding the Production of a New Polyalste Silicon PV
Technology" 21st European PV Solar Energy ConfexebBeesden (2006)

Basore P.A. (2006b)CSG-1: Manufacturing a new polycrystalline silcBV technology”
4th World Conference on Photovoltaic Energy Cosigegr, Waikoloa, Hawaii
(2006)

BBC (1998a)’Dog sentenced to hang over his name” The storg dbg named “Immigration”
as reported by BBC http://news.bbc.co.uk/2/hi/afi6d.326.stm

BBC (1998b)"Give a dog a bad name” A follow up to the storyimimigration the dogs as
reported by BBC (Tuesday, 3 March, 1998)
http://news.bbc.co.uk/1/hi/world/africa/61708.stml

Beyadi, A. (2007)'25 pc power target postponed to 20I13fe Guardian(newspaper)
(Tanzania) for Monday, Septembef™R2007

page 8-l



Bill Gates (2008) ‘Creative capitalism” in Time Magazine
(http://www.time.com/time/business/article/0,85828069,00.html)

Blackton, J. S. (2001)Key issues in adopting a Computer based Case Maneagt system”
Cairo University. A draft copy is available on-lias:
http://siteresources.worldbank.org/INTLAWJUSTINSE&urces/Blackton.pdf

Buchman, I. (2009 “Batteries in a Portable World” The Battery Unisity”
http://www.batteryuniversity.com./partone-3.htm

Chhatbar, S. (2007)'CJ Pledges Speedy Trial®aily News Tanzania, Thursday 18 Oct. 2007

Churi, L. 2006 “Serikali na mikakati ya kupambana na tatizo la Wméa report in thajira
newspaper about the then bad electric generatioatsin in Tanzania and the
government’ reaction to it as stated by Mr J.M. Wate the then President of the
United Republic of TanzanidMajira Newspaper on 15 March 2006
http://www.majira.co.tz/kurasa.php?soma=sayansi&h&lamba=179

CHRI, (2006): Commonwealth Human Rights Initiative: “The Police, The People, The
Politics: Police accountability in Tanzania”
http://mww.humanrightsinitiative.org/publicationsie/tanzania_country report_2
006.pdf

Cooksey, B; Levey, L.; Mkude, D (2001)JHigher Education in Tanzania: A Case study-
Economic, Political and Education Sector Transfdroms” available at
http://www.wes.org/ewenr/03jan/Feature.html
It is a chapter selection from a report titled “hey Education in Tanzania: A Case
study” published byThe Partnership for Higher Education in Africa” which is a
consortium of six major US Educational Foundatisagporting Education in Africa.
More information about the foundation is availabténttp://www.foundation-
partnership.org/index.php (both websites acces4di02007)

Daily News Reporter (2007)National ID gets Cabinet nodDaily NewsNewspaper (Tanzania)
for 08-Feb-2007 http://www.dailynew s-tsn.com/ pape? id=5651

Deutsche Initiative fur Netzwerkinformation (DINI) 2002
“Electronic Publishing in higher Education: Reconmuations”
http://www.dini.de/documents/DINI-EPUB-2002-03-16M2. pdf

DFID (2008)“Biofuel Blamed for food Prices” Developments Maumee issue 43, 2008
www.developments.org.uk and www.dfid.gov.uk

Duodu, C. (2005)'Africa your destiny is in your own hands” a dissign about Tony Blair's
Africa Commission report in theNeew Africari Magazine No. 439 April 2005

ECON Analysis (2007} Strategic Targets for the Rural Energy Agency &ndd”
commissioned by the Ministry of Energy and Minel@&HEM), Tanzania.

ECON Analysis AB (2007)Approaches and Financial Models f8caling up Norwegian
Development Assistance to Clean Energy [in TanzaAidlORAD Report

EFI 2006 The Environic Foundation Internationah energy access by the people on Earth
http://www.environicfoundation.org/issues/energmht

Energiebau GmbH(2008):Company brochure fdEnergiebau Solarstromsysteme GmbH »
Heinrich-Rohlmann-Str. 17, 50829 Kéln, Germany

page 8-V



Etta, F. & Elder, L (2005) (Eds)“At the crossroads: ICT Policy making in Eat Afic
East African Educational Publishers/IDRC (whole lbdownloadable.
http://www.idrc.ca/en/ev-90304-201-1-DO_TOPIC.himl

Forslund, H., Arvidson, A., Syngellakis, K. (2007YOverview of Renewable Energy Options
for Rural Social Services Institutions” A proje@ger produced by experts from
Sockholm Environment Institute and IT Power for Eyyefor Water Health and
Education (ENABLE) project organised under thelligent Energy Europe
program of the European Commission.
http://www.enable.nu/publication/D_1 1 RETs_ovenjadf

Gabler (2004) “Off-Grid Electricity Supply with Photovoltaic $ar Energy- Current Trends in
Household Electrification”. Higher Education Forut@apacity Building in
Developing Countries -Bringing Renewable Energiethe People” (In the context
of the renewables 2004 conference) June 1 - 4,, Z04n

Gates, W. (2008)Creative capitalism” in Time Magazine.
(http://www.time.com/time/business/article/0,85F28069,00.html )

GEF/URT (2004) "Transformation of The Rural Photovoltaics (PV) MetfkProject Brief for a
5 year project for PV electrification in Mwanza &g (Lake Victoria area) of
Tanzania, co-financed by the GEF and SIDA .(PradjgtURT/03/G...), PIMS No.
1894

Gehrman (2007)“Ingenious use of indigenous tree reaps award: Royronmental Award
goes to international partnership.” Harvard Uniitgr&azette on-line
http://www.news.harvard.edu/gazette/2007/05.10830khtml|

Globalis (2000)Indicator: Access to safe water

Government of Tanzania (2000YBasic Education Statistics in Tanzania (BEST) 19999
National Data” Ministry of Education and Culturenkania

Government of Tanzania (2005YBasic Education Statistics in Tanzania (BEST) 12985
National Data” Ministry of Education and Culturenkania

Government of Tanzania, Ministry of Education and \ocational Training(2007)“Drawings
for Provision of Physical Facilities in Secondagh8ols, Partl - Sample
Masterplans”

Directorate of Policy and Planning (Physical Plagrand Maintenance Section)

Green M. A.,Basore P.A., Chang N., Clugston D., Egan R., Evais, Hogg D., Jarnason S.,
Keevers M., Lasswell P., O’Sullivan J., Schubert UTurner A., Wenham S.R.
and YoungT. (2004)“Crystalline silicon on glass (CSG) thin-film sole!|
modules” Solar Energy 77, 857.”

Guardian Reporter (2006)“Vodacom lauches Tanzania’s fastest wireless let&rn
A report about the first launching in Tanzanialed 8G HSDPA for fast Internet
mobile connectivity. (so far accessible only in @aCity, Dar es Salaam). The
guardian newspaper for 24. Feb. 2007-02-24 httpsippmedia.com/cgi-
bin/ipp/print.pl?id=85043

Gumbo, P. “Energy expert at World Bank says lack of fundsdrggpled Tanesco”
The Guardian, Thursday 05-04-2007
http://www.ippmedia.com/ipp/guardian/2007/04/05/87 html

Hagemann, 1. (2002)'Architektonische Integration der Photovoltaik ire €Gebaudehulle”
Rudolf Mueller

page 8-V



Hawkins (1998): “Storage Devices in PV System: Latest Developsiei¢chnology and
integration Problems”, Solar Photovoltaic Energyriétop '98. Telepower
Australia Pty Ltd

Heidenreich, A. (1996):Seeing the Light: Solar PV in East Africa.
http://lightingbop.blogspot.com/2007/02/mark-harskon-solar-pv-in-east-
africa.html

Hockney & Driscol (1997):“Powering of Standby Power Supplies Using FlywHeeérgy
Storage”,Conf. Proc INTELEC 97, 1997pp 105-109

Hongo and De Kayser (2005)FELISA: the potential of biofuels in Southern Afa” in
“Renewable Energy Partnerships for Poverty Eraitinaind Sustainable
Development” The Partners4Africa newsletter, idd0e2, May 2005.
http://www.partners4africa.org/docs/PartnersFordsNewsletter-May2005. pdf

Hug, R. (2007)’Building Integrated Photovoltaics (BIPV):Solar Etac Systems to conquer
large roofs and facades” irhe Solar Server (forum for Solar Ener@yy09/2007
www.solarserver.de/solarmagazin/solar-report_060inmg

Hujser, A. (2008)” Energy transfer dynamics in molecular layers ofghyrin derivatives
A PhD thesis.Technische Universiteit Delft, Nethad

IEA-PVPS Task 10"Compared Assessment of Selected Environmentat&tdis pf
Photovoltaic Electricity in OECD cities”, Internatial Energy Agency-Photovoltaic
Power Systems Programme (IEA-PVPS Task 10), Europeatovoltaic
Technology Platform and European Photovoltaic ligusssociation (EPIA)
http://www.eupvplatform.org/fileadmin/Documents/Bhure-
indicateurs_26_pays.pdf

ILO-IPEC 2003 The state of Child labour in Tanzania
IEA (2004) International Energy Agency
IEA (2002) International Energy Agency

ISOC (2004)“The Internet Society (ISOC): Annual report 2003
http://www.isoc.org/isoc/reports/ar2004/ISOCar20eddh pdf

ISOC (2005)“The Internet Society (ISOC): Annual report 2004”
http://www.isoc.org/isoc/reports/ar2004/ISOCar20eddh pdf

ITU (2007) International Telecommunications Union
Justin Thomas (2007 http://www.treehugger.com/2007/02/18-week/

Kalogirou, S. A. (2004)JEnvironmental benefits of domestic Solar Energgt8yns” in Energy
Conversion and Management Journal, 45, pp. 3072-309

Kapur, A. (2005) “Internet Governance” UNDP_APDIP & Elsevier
http://www.apdip.net/publications/iespprimers/epgmigov.pdf

Kasparian, J, Ackermann, R, André, Y. -B., MéchainG., Méjean, G., Prade, B.,
Rohwetter, P., Salmon, E., Stelmaszczyk, K., Yu, JMysyrowicz, A., Sauerbrey,
R., Woeste L., Wolf,J. -P. (2008)'Electric events synchronized with laser
filaments in thunderclouds,” Opt. Express 5757-5763
http://www.opticsinfobase.org/abstract.cfm?URI=@&8t5757

Kazmerski, L.L. (1997) “Photovoltaics: a review of cell and module teclugies” in
Renewable and Sustainable Energy Reviews, March, 34@9. 1, no. 1, pp..

page 8-VI



Keasi, P. (2007)Land management to go digitdDaily News Thursday, January 25, 2007
Tanzania Standard Newspapers

Kimati, B. (2007) “National ID project dream comes tru€he GuardiarNewspaper
(Tanzania), http://www.ippmedia .com/ipp/ guardid@07/02/08/ 83990.htm|

Koenigsberger, O. H.; Ingersoll, M., Szokolay V.X973)“Manual of Tropical Housing and
Building, Partl, Climatic Design” Longman

Krause, M., Nordstrom, S. (Eds) (2004)Solar Photovoltaics in Africa : Experiences with
Financing and Delivery Models” UNDP-GEF http://wwamdp.org/gef/undp-
gef_publications/publications/solarphotovoltaicsicaf pdf

Kuhndt, M., Geibler, J., Herrndorf, M. (2006) “Assessing the ICT Sector contribution to the
Millenium Development Goals: Status-quo analysisugtainability information for
the ICT sector ” Wuppertal report No3, by Reseanaup4:(Sustainable Production
and Consumption and triple innova) of the Wuppdrtslitut for Climate,
Environment and Energy. http://www.wupperinst.opigads/tx_wibeitrag/wr3.pdf

Lalana, E., Uy, M. (2003)‘The information age” e-ASEAN Task Force, UNDP_APDI
http://www.apdip.net/publications/iespprimers/epmmnfoage. pdf

Lamtrac A.B. (2001) “Survey of the Need for a Vocational Training &m@am for ICT
Professionals in Tanzania: Final Report, Jan. 2001”
http://www.ethinktanktz.org/esecretariat/DocArcliM@al%20report%20I1T-
Survey.pdf

Landis, G.A., La Marre, Colozza (2001)Solar Flight on Mars and Venus” in NASA
Proceedings CP-2002-211831 pp 126-127, from The $ace Photovoltaic
Research and technology Conference, NASA John Gkarsearch Center,
Cleveland OH. 10-13 Nov. 2001.

Leach (2001)

Lee, Eung-Jik (1999 ,,Untersuchung der Anwendungsmaoglichkeiten vontBYwltaik an
Gebéauden in Sudkorea” (Translation: An examinatibpossiblities for PV
application in Buildings in South Korea) PhD The&lsrtmund University.

Lincolnshire Police Department (UK) (2003)'A strategic framework for the delivery of e-
policing, part 1: Governance and Management”. HelgJ strategy statement.
www.lincs.police.uk/getFile.asp?FC_1D=261&doclD=262

Lwambuka, L; Lyimo J. (Eds) (2004)Report from the “Zonal Orientation Workshop on
Routine Data Systems and Poverty Monitorinjfor Lake Zone of Tanzania, held
25-27 Feb. 2004, at City Hall, Mwanza Tanzania Gowent, President’s Office,
Regional Administration and Local Government Demairtt.

Lyatuu, L. (2006) “Msivunje ndoa yangu — Chifupa”, a speech in whitt Amina Chifupa
(MP) gives drugs case statistics for 2005. in Nigasewspaper for
28.November.2006 http://www.ippmedia.com/ipp/nipE006/11/28/79302.html

Mack, A., Goldberg, J. (2007)Rwanda’s knowledge revolution” An article about IT
development in Rwanda as a result of specific gowent effort. Business in Africa
Magazine.
http://www.businessinafrica.net/tech_telecoms/6330@n

Magessa, F. B. (2007)The Role of Modern Energy in Rural Transformatariranzanian
Communities: Experiences of Solar Energy in Ruvalihoods Transformation” in
Michael Golba, Walter Neddermann (Eds): Alumni Suenschool 2006, Photovol-

page 8-VII



taics. Postgraduate Programme Renewable Energy, &fdpnergy& Semiconductor
Research, Facult of Physics, Oldenburg UniverslteBburg University/DAAD
(2007)

Marondo, R. (2006)"Judicious energy use emphasised” a newspapee aidut a presentation
by Dr Ngowi of the Economic and Social Research FoundatioREB$iving
statistical and economic implication data from fitegjuent power crises in Tanzania.
The Sunday Observarewspaper (Tanzania) for 10 Dec. 2006

Martin Wolf (2008) “Profit-maximization as the sole goal of a corpamat a comment on Bill
gates’ “Creative Capitalism” initiative.
http://creativecapitalism.typepad.com/creative_tzdiigsim/2008/08/profit-
maximiza.html

Martinez, A., Villaroel V., Seoane J., del Pozo F(2004)'Rural Telemedicine for Primary
Healthcare in Developing CountrieEEE Technology and Society Magazine
23(2), p.13

Mawhood, P. (1983)Local Government in The Third World: The Experieraf Tropical
Africa”
John Wiley & Sons

Mbwambo, J. (2006) ‘Wataalamu wa maji na hofu yao juu ya bwawa la Mkeraa historia”
a report on the grim outook of Mtera Dam as refbitea Tanzanian newspaper
Majira by a the Journalist Environmetal OrganisationaiZiemia (JET)Majira
Newspaper on 26 May 2006
http://www.majira.co.tz/kurasa.php?soma=sayansi&@hdlamba=742

Mbwambo, J. (2008)“Ya Anna Mkapa, Bayport na Waalimu” Raia Mwema
http://www.raiamwema.co.tz/08/07/23/mbwambo.php

Mcharazo, A. (2000)‘Public Libraries and Distance Education in Tanaamssues and
Dilemmas”
downloaded from: http://www.librijournal.org/pdf/@0-4pp295-301.pdf

Forslund et al. (2007)http://www.enable.nu/publication/D_1 1 RETs_ovewipdf

Meena, H. (Ed) (2003)Options for Greenhouse Gas Mitigation in an ingggd East African
Power Development” Center for Energy, Environm&aience and Technology
(CEEST) &
Geselschaft fuer Technische Zusammenarbeit (GTZ)
ISBN 9987 612 13 X

MoEC (2000) Government of Tanzania, Ministry of Eduation and Culture(2000)
Construction of Primary Schools: Guidelines for|Buigs and furniture” Directorate
of Policy and Planning (Physical Planning Unit)

MOEVT (2007) Government of Tanzania, Ministry of Education and Vocational
Training(2007) “Drawings for Provision of Physical Facilities ir&ndary
Schools,
Partl - Sample Master plans. Part 2 — TeachingaRzat 3 — Residential areas.

MohammeR SEABIFAS 91 ESNevEAne Flap g R veicel b pemnc MRlpigpeg e Section

Mufuruki, A. (2005) “The role of ICT in Tanzania’s Economic Developnieitpresentation to
DPG IIRT-Tech available on-line at:
http://www.tzonline.org/pdf/theroleofictintanzang®nomicdevelopment. pdf

page 8-VIlI



Mukandala, R. (2008)“The Challenges of Ensuring Effective Leadershig an Enabling
Political Evironment for an Effective Public SecReforms in Tanzania”
A paper presented at the National Convention oni®8lector Reforms, Ubungo
Plaza, Dar es Salaam Tanzani§-18" June 2008
www.utumishi.go.tz/index.php?option=com_docman&tabc view&gid=158&lte
mid=57 —
http://www.google.com/search?sourceid=gmail&q=Pra#Rwekaza%20Mukandal
a

Mulkeen, A; Chapman, D.W.; De Jaeghere, J.G.; Lewk;Bryner, K. (2005)
“Recruiting, Retaining and Retraining of Secondary School Teached Principals
in Sub-Saharan Africa”, Secondary Education in @dr{SEIA) Thrematic Study #14
Funded by the Irish Trust Frund and prepared feitorld Bank (WB)through the
Academy for Education Development (AED)
http://www.aed.org/ToolsandPublications/upload/S®&Z0paper_10-13-2005.pdf

Mungai, J. (2000)“Provision of quality Education for all in Tanzahia
http://www.ibe.unesco.org/international/ICE/ministd anzania.pdf

Mutahi N. (2002)"Why Kanu is vexed by Opposition” in The East Afn/ Sunday Nation,
Sunday, May 12, 2002 .
http://www.nationaudio.com/News/DailyNation/1205200o0mment/Comment9.ht
ml.

Mwihava 2008 “Background On Biofuels Development In Tanzaniatadesnent by the
Tanzanian Ministry of Energy and Minerals at theksbop titled “Sustainability
Aspects Of Jatropha Oils For Biofuels Productiome ARssessment Of A Win-Win
Situation” 20th February 2008.
http://www.senternovem.nl/energising_developmenitksiop_on_biofuel _producti
on_from_jatropha.asp

Mwombeki, F. (2005)“Globalization from an African Perspective” a pretion to the
Consultation of the Rhenish Church, Bonn, Germamyil 5, 2005

NECTA, (2006) National Examinations Council of Tanania FTC 2006 Examination Results
http://www.moe.go.tz/necta/Ftccmay.htm

Ngaiza, A. (2000)Confidential’ documents in Tanzania: A case stoflpAdam Mwaibabile”
Tanzania Media Groupnformation Accountability Workshops Sourcehook
International Records Management Trust, RightsRexbrds Institute, London,
September 2000, available online at
http://www.irmt.org/download/DOCUME~1/DEVELO~1/RES8R~1/SOURCE~1.
PDF p.56.

Nguvu, P. (2007)Former US Envoy to Build 5000 Homes in Tanzaniateport inThe
Guagrdiannewspaper for 28. Feb. 2007, about a coming hgussiheme in
Tanzania with PV installed on the buildings. hitpww.ippmedia.com/cgi-
bin/ipp/print.pl?id=85335

Niccolo A. Giancarlo C., Francesco VerrDesign, development and performance monitoring
of a photovoltaic-thermal (PVT) air collector Renewable Energy33, 5, pp 914-
927.

Nielinger, O. (2003)‘Rural ICT Utilization in Tanzania: Empirical Finags from Kasulu,
Magu, and Sengerema” Institut fur Afrika-Kunde (IAKlamburg
http://www.swopnet.org/docs/Rural_internet_utilisat TZA.pdf

page 8-1X



Parentela (2008Y'ESA supports efforts to protect public health @afety” An ESA news
release on 17 November 2008
http://www.esa.int/esaTE/SEMGBL4DHNF_index_0.html

Parkinson, S. (2005)Telecenters, Access and Development: Experiendd.assons from
Uganda and South Africa” ITDG Publishing/Fountain

Pascual, P. J. (2003)-Government” e-ASEAN Task Force, UNDP_APDIP
http://www.apdip.net/publications/iespprimers/epgmegov.pdf
(accessed: 17.11.2006)

Prasad, D., Schoen, T., Hagemann, |., Thomas P.A997)“PV in the Built Environment: An
International Review” in The Proceedings of ISES7A$olar World Congress,
Taejon, Korea; Vol. 4:Building Application, pp 2@25 ISES & KIER

Quimbo, R. N. S. (2003)Legal and Regulatory Issues in the Information ikmoy” e-ASEAN
Task Force, UNDP_APDIP http://www.apdip.net/pubtiicas/iespprimers/eprimer-
legal.pdf

Rodriguez at al (1998)

Saleh, Mohammed (2002)Tanzania Electric supply trends” in ESI: The Poweurnal of
Africa, vol 2, 2002. http://lwww.esi-africa.com/I&sE1_2_2002/ESI2_02_20_1.htm

Sawe, E.N. (2005Tanzania Traditional Energy Development and Envitent Organisation
TaTEDO www.see-net.co.tz on ECOFYS website
http://www.mysolar.com/pv/country_tz.asp

Scheer, Hermann (200p“Energy is a driving Force for our Civilisatior5SOLAR
ADVOCATE.”
an interview with Burja, Alenka. (2000) The Folkater Urup Thy, Denmark

Scheutzlich, T. et al. (2002)Financing mechanisms for solar home systems ireldging
countries: The role of financing in the dissemioatprocess” Ref. (IEA PVPS T9-
01:2002) = IEA Task 9 Report No.1of 2002 IEA.

Shunck E, Finke T, Jenisch Oster, H.J (1991)Dach Atlas: Geneigte Dacher* Rudolf Muller

SENTER-NOVEM (2008)“Workshop on Biofuel Production from Jatropha”
http://www.senternovem.nl/energising_developmentksiop_on_biofuel_producti
on_from_jatropha.asp

EFI (2006) http://www.environicfoundation.org/issues/energmnht

Sheriff, S. (2007)'Rural Connectivity in Tanzania: Options and Chagles” IICD Thematic
report, produced at the occasion of SWOPnNet/lICEkalmop on rural connectivity
in Tanzania, May 2006.
http://www.iicd.org/files/RuralConnectivityTz_TR_RAL_online.pdf

Shukla, A., Misra, A. (2002)*The growth of Solar Photovoltaics in India” in And Shukla,
Anil Misra & Mazharul Islam (Eds) Renewable Enefgy Sustainable development.
Postgraduate Programme Renewable Energy, Depherfjiz& Semiconductor
Research, Facult of Physics, Oldenburg UniversltdeBburg University/DAAD
(2002)

Shunck, E, Finke, T; Jenisch; Oster, H.J (1991)Dach Atlas: Geneigte Dacher* Rudolf
Muller

Simba, V. (2006)‘1.5 tr Needed for Rural Power”. A reportTilme Daily Newsgjuoting a senior
Tanzanian government official (the assistant comaioiger for energy) stating about

page 8-X



the latest power situation and the government jposébout it. Daily news, for
Thursday, I March 2007 http://www.dailynews-tsn.com/page.ptip3B70

Soriano, Edwin S. (2003¥Nets, Webs and the Information Infrastucture” eE%N Task
Force, UNDP_APDIP http://www.apdip.net/publicatibaspprimers/eprimer-
egov.pdf

Special correspondent offhe Guardian newspaper (2006YSwedish firm to produce new
energy source” A report by a special correspondbatit plans for production of
ethanol for fuel purposes from sugarcane in Tarz@he Guardian Newspaper for
22. Feb. 2007
http://www.ippmedia.com/cgi-bin/ipp/print.pl?id=848

Ssengooba-Kasule (2003paylighting and Sunshading in Buildings in trodicagions: An
Example of Virika Dispensary, Kasese, Uganda.” lid3ertation submitted at
Dortmund University, Germany. Dortmund University.

Stewart (1977)

Tanzania Government (2003)National Information and Communications Technoésyi
Policy, (March 2003)” URT Government Document.

TERRA-DAILY (2008) “EU Nations want cooperation with China on Afriddinisters”
http://www.terradaily.com/reports/EU_nations_wamtoperation_with_China_on_A
frica_ministers_999.html

Thadeus, R. (2007¥TPDF maps housing all soldiers in barracksily News Monday,
Tanzania Standard Newspapers

Thomas, J. (2007)40% Efficient Solar Cells: They Are Being UseddBaon Earth” in Science
& Technology (alternative energy) on 10.April 208¥ reported on the Tree Hugger
http://www.treehugger.com/files/2007/04/stateofthea.php

Tordoff, W. (1967) “Government & Politics in Tanzania” East Africani#ishing House

Torero, M., Braun, J. (Eds.) (2006)Information and Communication Technologies for
Development and Poverty Reduction: The Potentidladcommunications”.
Johns Hopkins University Press and IFPRI,

UNCTAD (2006) “Information Economy Report 2006: The Developmesrtspective”
United Nations Conference on Trade and Developrdeited Nations, Geneva.

UNDP, Accenture Merkel Foundation (2001)Creating a Development Dynamic: Final report
of the Digital Opportunities http://www.opt-initgiframework/pages/title.html

Wedgewood, R. (2005)Post basic Education and Poverty in Tanzania” Basic Education&
Traning Series Working paper Series- No. 1 Certrfiican Studies, University of
Edinburgh.
http://www.cas.ed.ac.uk/research/Wedgwood_Tanz®B&T%20WP1.pdf

WHO, 2007
WHO, 1991

Winter C-J (1993)"Solar Cities” in Sayigh A.A. (Ed): Renewable Engrd Vol. 4 No. 1, Feb
1994
Pergamon Press, New York.

page 8-XI



Winter, C-J (2006)“Hydrogen Energy Tilts the Balance” Preface flBternational German
Energy Congress (2006), Essen, Germany, brochtipe//\www.e-world-
2006.com/tools/dateien/download.php?id=310

Wold Bank (2000)”Energy and Development Report 2000: Energy Sesvioethe World’s
Poor”
IBRD, World Bank, Washington DC.

Wolf, M. (2008) “a criticism to creative capitalism”
http://creativecapitalism.typepad.com/creative_tzdigim/2008/08/what-bill-
gates.html

Woods, P., Berry, R. (2001)Putting the ‘E’ into e-policing: What Governmerasd the Police
need to do to build an online police service” ia froceedings of thd®world
Conference on Modern Criminal Investigation, Orgadi Crime and Human
Rights.(ICC) Durban, South Africa, 3-7 December 200
http://www.crimeinstitute.ac.za/2ndconf/papers/wadokrry.pdf

WORLD BANK (2007) Regional Fact sheet from the World Developmentdattirs 2007:
Sub-Saharan Africa.
http://siteresources.worldbank.org/DATASTATISTIC®S®urces/ssa_wdi.pdf

Yager, T. R. (2003)The Mineral Industry of Tanzania” in US Geolodi&urvey Minerals
Yearbook (2003) pp 31.1-31.10.
http://minerals.usgs.gov/minerals/pubs/country/Z®8yb03. pdf

Yonazi E. (2005)‘East African Submarine Cable Systems (EASSy)’poreat the Arusha
Node Marie Annual General Meeting, April 2005.
http://www.habari.co.tz/node/bulletins/agm2005/sdsen|

page 8-XIlI



8.1. List of Table captions

Table 1.1:

Table 1.2:

Table 1.3:

Table 1.3:

Table 2.1:
Table 2.2:

Table 4.1:

Table 4.2:

Table 4.3:
Table 4.4:
Table 4.5:

Table 4.6:
Table 4.7:

Table 4.8:

Table 4.9:

Table 5.1:
Table 5.2:

Table 6.1:
Table 6.2:

Table 6.3:

Table 6.4.
Table 6.5:
Table 6.6:
Table 6.7:

Comparison current status and futuli@iass co-generation potential in
East African countriefViwihava, 2008)............cuuuiiiiiiiiiiieeeeieeeeeeeeevveeeeeeeeeeenes 1-2

Solar and Environmental Parameter Coisqrabetween Tropical and
Temperate Zones, (using Dar es Salaam and Dorteitied as typical
(22 C= 141 0] =) SRR 1-7

Comparison solar radiation data foesitn tropical and temperate zones
using examples of Dar es Salaam and Dortmund reégelc (Source:

METEONORM 5.0) ...cttiiiiiiiiiiieeee ettt e e e e e e e e eeeeenes 1-7
Mean monthly maxima & minima of temparas in some locations in
Tanzania (in degrees CelSIUS) ..o 1-8

Characteristics of commonly used reckable batterieBuchmann (2005)...2-11

A comparison of the Lead-Acid Batteryhwhe latest energy storage
Systems(Hawking 1998)........ccovuuiiiiiiiiiiiiie e e ee e e e eeeee e 2-14

Required battery storage capacitiedlfinfor required ICT in a single
primary school in Tanzania according to batteryetgpnd DC system
L0 1 ¢= Vo T 4-7

Required battery storage capacitielfinfor required lighting in a two shift
primary school in Tanzania according to batteryetgpnd DC system

(0] 1 ¢= Vo TS 4-8
Tanzania’s health services provisiorsptay infrastructure in 2000 []............... 4-13
Tanzanias list of medical personnelf&@002 [].........cccceeeeeeeiivieieeeiiiiie e 4-14
Battery storage capacities (in Ah) fowpring a dispensary such as one at

Kishanje according to battery type and DC systeftages. ...........ccccoeevveeeeeeennn. 4-16
Comparison of typical costs for eledyisupply types in Africa..........ccccccuenn. -
Vaccine refrigerator: lessons learnethftarge-scale programme survey,

Geneva (WHO, 1991) ....coiiiiieieeiieiie et e e e e e e e e e e e e e e e e e resaeeennes 4-18
Energy demand for ICT in Tanzania’'s muatiministration below district

LRV ... e e e e 4-22
Energy demand for residences of Admatiste personnel below district

[EVEL ..t 4-23
Challenges envisaged in tropical BIPV...........coovviviiiiiiiiiiiiiieeeeeeeeeeeeeeee e 5-8
Summary of annual Energy demand in kVii/aighting and ICT at the

COET Main Building at Dar es Salaam University M@ampus....................... 5-23
Price index for various PV componerf] [............oiiiiiiiiiieeieeeeeeeeeeeeeiiinnes 6-2
Price index for typical PV electric Isagkpected in the selected government

SEIVICES ..ttt et e e et e ettt s e e e e e e e e e e e ettt et et e bt ba b aee e e e e e e e e e e aaaaeaees 6-4
Financial requirements for PV powerifi¢GQY in primary schools in

TANZANIA. .coeiieeeee ettt et e e e e e e e e e e e e e e r e e e e e e e e e e a 6-7
Cost comparison for stand-alone PV andd@ropha-oil hybrid.......................... 6-9
Project lifetime capital costs for diffat power system components.................. 6-10
Energy requirements in a typical Taraat8econdary school................c.c......... 6-10
Cost comparison between PV-stand-alodeP&/-Jatropha Oil hybrid for

powering Secondary School.(based on the curreigranes in Tanzania).......... 6-11

page 8-XIlI



Table 6.8: Breakdown of Capital layout in Eurosdtectrification of Tanzanian

Secondary schools using PV-Jatropha oil hybridesgst................cccoevvvvviininnns 6-12
Table 6.9(a): PV & ICT hardware costs calculatitardocal government administration

(0] 11012 J PP RUUUPRPPPPPRPPRRRPP 6-15
Table 6.9 (b): PV & Home appliances hardware coaksulations for local government

administration staff NOUSING .............uuuicemmmmiiie e 6-15

page 8-XIV



8.2.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

List of Figure Captions

1.1:
1.2:

1.3:

1.4:
1.5:
1.6:

1.7:
1.8:

1.9:

1.7(a):
1.7(b):
1.8:
1.9:
1.10:
1.11:
2.1

2.2:

2.3:
2.4.
2.5:
2.6:
2.7.

2.8:
2.9:
3.1:

3.2:
3.3:

3.4:

Energy Sources & Petroleum Use Pattefiramzania by 200@wihava

2008) ..ttt ———————— ittt e e e e e e e e e e e e e raeae e e e e e e e 1-2
Actual and potential source areas for emacdcommercial bio fuels in
TanzaniaMwihava 2008).........ccooiiiiiiiiiiiiii e 1-3

Tanzanian conventional power generatiewelopment and prospects by
2002 (Photo: Mtera Dam on the Ruaha river in S@eéhtral Tanzania)

(Mohammed Saleh 2002)..........cooooiiiiiiii e 1-4
Proportion of available water resourcesdiin power generation......................... 1-5
Tropical countrie€Ssengooba-Kasule 2003)..........ccceiveeiiiiiiiiiiecceciiec e 1-6

Solar path diagrams showing typical didions between tropical and
temperate zones.(once again Dar es Salaam and Dualttas typical

EXAMPIES) .. a et e e e e ne e e eeeeearane 1-8
Eco-climatic zones of Tanzarsource: Engelhard (1994).............ccooiivvvviiinnne 1-9
Solar Map of East Africa: contours shaauyirradiation in “peak

hours”/day (kwh/m?/daypource: Hankins (1995).........cccccvvveviviiiiiiiiiieeeeeenn. 1-10
Monthly mean daily insolation for thraées (Arusha, Harare & Windhoek)

in the Eastern and Southern African region. Sousaaikins (1995).................. 1-11
statistical life expectancy data DYIOBS .............eeiiiiiiereeiiiiieieeeeees e 1-12
Relative growth rates DY regioNS e .ceeveeeeiiiiiiiiiieeeeeeeeeee 1-12
Sub-Saharan Africa’s positive GDP grovghdency in recent years.................. 1-12
World bank estimates of Governance lewveib-Saharan Africa..................... 1-12
A move from tradi-tional kerosene lanuged in Tanzania...........ccccoeeeeeeeeeenn. 181-
Towards a better and affordable PV peddighting alternatives...................... 1-18
The effect of the atmosphere on the saldiation spectrum reaching the

<= L T R 2-4
Section through the CIGS thin film (shogihe manufacture principle)

(BASOI® 2005) ... ittt e et a s 2-5
Rigid and flexible CIGS thin film PV mMoOI@S [7]...........cuuvviiiiiinniiieiiiiiiieeeees 2-5

A typical stand alone PV solar home gys(8HS) and its major components.....2-7
Typical PV application ranges accordiodghteir installed power........................ 82-

Relative Energy Density of Some Commooofdary Cell Chemistries [10]....2-12
Simple representation of the Vanadiumdxdtbw Battery (VRB)Hawkins

(S ) PSPPI 2-13
Underground installation of a flywheekegy storage device providing
back-up to a remote telecommunication staftéawkins, 1998)....................... 2-13

Example of a combined performance of a(Bi¥) diesel hybrid system in
Mbinga, Southern Tanzania in Jan. 2008-02-28 (Ik¢ yellow is the PV

input, the green is input from the plant oil digsel..........ccccoeeviiiiiiiiiiiiiiiiiiinnend 18-
Hand winding cellphone Chargers ... 3-4
Africa in Global Fiberoptic cable Intetrm®nnectivity plan.............cccvvvvvnennn. 3:5
Submarine cables around Africa: existplgnned and currently under
constructionYONAZi (2005).......uuuuuuuiiiiiee ettt 3-6
EASSYy backhaul options under considemnationazi (2005).........cccccveeeeeeeiieeene. 3-6

page 8-XV



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

3.5: Closer to Home. The East African taskéonazi (2005)..........ccccevvvvvvenniennnn. 3-6
3.6: The PV in use at the Tanzania-Kenya Bergpodst at Namanga (by author,

2006) ..+ttt ———— 1ttt et ettt e e e e e e et bbb b b a e e e e eees 3-13
3.7: A schematic representation of PV powehey irrigation at Kalalé (Benin)

] et ettt ——————————— ittt et t et e e e e e e e e e e e e e e aa———rrraaaaaaaaaaaaans 3-16
3.8: An artists representation of a small unnga PV powered aircraft that can

be used for special missions (e.g. locust spraiyiragriculture)..............cc..vveeee. 3-17
3.9 Scientific workers at the crop researehter and farmers examining a newly

researched crop (Allanblakia pods ) [].....ccceeemmreiiniienieee e 3-18
310: The Grameen funded PV installation img#adesh []........cccccceeiiiiiiiininiininnn 3:24
4.1: Traditional schooling (left) and modenhasoling using ICT (right)..................... 4-2
4.2: Primary and Secondary school enrolmeifanzania, 1961, 1977, 1999

(MOEGQC, 2000).....uteiittitieeeeeee et e e e e e e e e e e e e s s et e et e e e e e e e e e e e e e s e s e aa bbb beeees 4-3
4.3: Various models of the XO computer frora @LPC project.........cccceeevveeeeeeeennnnne. 4-4
4.4. Events of potential international puliigalth concern by WHO region, Sept.

2003 - SEPL. 2006 ..vvvvveeeiiiiiiiieeeeee e s et ea e e e e e e e e e e e ——————————————aa s 4-11
4.5: Per capita expenditures on healthcar®é&weloped and Underdeveloped

(@0 8111 1= 2 1 P 4-11
4.6 Comparison of worldwide health care resesdistribution and population

ISTIDULION e e e et beeenneeaeareennans 4-12
4.6: PV in child vaccination in KENYA [] . eee«eeeeeeneneeeeeeeiiieeieiiiiiii s 4-18
4.7: PV powered cellphone charging systems fRhoton Technology Inc. [].......... 4-24

5.1: Solar Radiation diagrams for Topical (Efguial) Latitude 0 (a), Warm
Temperate Latitude 30°N (b) and Cool temperatetlidei 60° N [ ] (for ease
of conversion 1 MJ = 0.278 kWh = 239 kcal = 948,Btun? = 1550 in? =

O 1 O PP PPPTPPPPP 5-2
5.2: Annual Solar gains as a function of PVdumle inclination and orientation (in

a fraction relative to the best possible annUaSQAINS)............oooeeeviiiiiiiiiiiiinnnns 5-3
5.3 “Triple Junction” thin film PV module amflexible substrate, Suitable for

installation on curved roof surfaces in tropicaPBI[] ........ccccccooeeeeeiiiiiiiiiiiiiiiinns 5-4
5.4: The Heliotrope in Freiburg: Example ol&dlracking BIPV (arch. Rolf

DISCR) e —————————————————— 5-5
5.5: Expo-Tower Wesertal Am Ohrberg: An exaenpl BIPV with solar tracking

] ettt ————————— ettt e e et e e e e e e e e e ——— ittt aaaaaaaaaaaaas 5-6
5.6: The curve tangent rules for optimal BI®Vcurved roofS .........cccceeeeeeeeeeenn. 5-7.
5.7: Mechanised installation thin-film-on-mieBdPV roof and finished roof [] .......... 5-9
5.8: Low-tech hoisting of PV Module and traogmf Lead Acid Batteries at the

Mbinga Sisters’ Convent (southern Tanzania) [Jee ... 5-9
5.9 (a): The selected typical standard seagrstzhool site plan in Tanzania

considered appropriate for BIRWIOEVT 2007).......ccoovvviiieeieiiiiiiieee e 16-

5.9(b): Typical classroom floor plan from sdand secondary school drawing

provided by the Tanzania Ministry of Education &fatational training

(MOEVT 2007) cetttttiiieeee ettt e e e et e e e e e e e e e eeeeeeee s 5-11
5.9(c):Front and rear elevations of the typatassroom block in standard secondary

school drawings by the Tanzania Ministry of Edumaind Vocational
traiNiNg (MOEVT 2007).....cc i e e e e e e e e e e e 5-11

page 8-XVI



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

5.9(d):Side elevations and basic section eftyipical classroom block in standard
secondary school drawings by the Tanzania Minstigducation and
Vocational trainiNgMOEVT 2007)........ccuiiiiiiiiiiiieeeee e eeeeeeeeeeeeeeeeennaees 5-12

5.10: Scenario 1: Modules mounted one sidenagxisting roof, following the
usual roof inclination. (In this case whole ins#ittn can work as one array) ....5-13

5.11: Scenario 2: Modules mounted on sevédaksof an existing roof, following

the usual roof inclination (which is usually nottiopal for PV) ... 5-13
5.12:  Scenario 3: Roof set at optimal inclioatand mounted with PV modules

(This diagram shows mainly the mounting princCiple).........cccceevvveiiieiiinennnneee, 5-14
5.13: Double roof at quasi-horizontal mountoigimless PV modules (note the

utilisation of the whole roof for PV module mourg)] ..........coooeeiiiiiiiiiiiiiinnnnns 5-14
5.14:  Scenario 4: Roof at old (suboptimal)la{g5’) with PV modules mounted

oL oo i aaF= IR (11 (N ) TR 5-15
5.15(a): PV module roofed walkway/veranda (ectly installed).............cccoovvvvvnnne. 5-16
5.15(b): Junction of veranda PV module andmaof (Detail B )..........cccovvvvvvvivvvvvi 5-16
5.15(c): Wrong installation: vertically sepi veranda roof may cause partial

shading of PV modules due to seasonal solar déidma....................cccceneeee. 5-17
5.16(a): Single span clerestory using standaadght PV modules (the Roof Cap PV

module row may be made for seasonal manual salekitrg.) .............cccccceeennn. 5-17
5.16(b): Single span clerestory using curvediddules (usually thin film PV

material on a flexible SUDSIIate) ...........coooiiee e 5-17
5.17(a): Optimized integration of two rowsR¥ modules.............ccceeeiiiiiiiiiiiiiiienn. 5-18
5.17(b): Two PV modules optimally placed oerektory spanning across roof cap (or

1o 1 o [o =) 5-18
5.17(c): Roof Cap detail: The roof cap (Caikey element for success of a two

module wide BIPV arrangement without any lower wiggét roof

membrangNote: Air movement under the cap follows the ratge)................ 5-19
5.18: PV Modules on top of an exiSting r00f...........ccccveeeieiiiiiiiiiiiieeeeee e 5-20
5.19: Labour-intensive manual preparatiorhai film PV sheet for roofing............... 5-20

5.20(a): Thin film PV sheets on a curved stefaovering the whole surface (suitable
for the Architecture Building of Ardhi Universitfpar es Salaam, Tanzania).....5-21

5.21: Detail of PV thin film roof showing tlspecially prepared roof substructure
(under-roof) onto which the PV membrane is glued.............cccovvvviiviiccennnn. 5-21
5.22:  Ardhi University Roofscape, showing $dkof Candidate Buildings (i.e.
buildings with Solar Roofing potential) ........cccuuuiiiiiiiineiie 5:22
5.23(a): The COET main building with its olabf (as it looked in 2004)..................... 28
5.23(b): The same building with the propoS@ENBroof................eciiiiiiiiieeeeiiiieee s 5-23

6.1: Schematic representation of a PV-Biodibgbrid system supplying

electricity to a small village (Vocational trainimgnter) over a local

microgrid systenfEnergiebau GMbH)............ooooii 6-8
6.2: PV project economic evaluations throughlqack period considerations........... 6-17

page 8-XVII



8.3. Annex 1: DRAWINGS OF STANDARD SCHOOL BUILDINGS FROM
TANZANIA

(APPROVED BY THE MINISTRY OF EDUCATION AND VOCATIOMNL TRAINING)
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page 8-XVIlI



27230

LAYOUT PLAN

3l £ S mms e o gEmes DY | | . ’
o & CLASSROOM CLASSROOM CLASSROOM |
& I l I

L 1= |

I MW2 MW2 D1 MW2 MW2 D1 MW2 MW2 D1

“—’j e ENTRANCE VERANDAH I

E L |

LAYOUT PLAN

PHYSICAL PLANNING AND MAINTENANCE SECTION

M U

DRAWN BY CHECKED BY SCALE
supl Lwia 1100

(4
DRAWING NO
%Jﬁ,m REV. DATE SDP/03B/01

Floor plan of a typical classroom block

_ﬁl 11770 ﬁp 2770 ﬂ 217% 11770 jﬁl
5| 2100 900 2100 900 2100 3870 2200 800 2200 3870 2100 900 2100 900 2100 5|
W2 |
1 =
g Ehll|
g C
g a2
g LS
8 s
¢ Oh| |
=
a— [m E
; |
o=
| e |
oo
5, 2100 Looo |l 2100  looo | 2100 3450 2850 2850 3450 2100 Lol 2100 Lol 2100 5
2115 |, 2850 2850 |, 12115
1 —'M— 1
30230

Typical floor plan of a laboratory block

page 8-XIX



2850 1 2850 8850

2850 1 2850

|—x

2850 1 2850 I’ﬁg 2850 ;ﬁ 2850 l’ﬁg

2200 1800,1125],900,1125,900/599, 1500 675, 1500 675, 1500 %% 900338 2850 1500 1,829,900, 1500 2550 9001825, 1500_|825] 2200
’| ’{ 1 ’i 7 rf ’| 1 T 11 1
N .. § R E D itidtH i ttr»hy/}
: VERANDAH
2 pt W2 w2 w2 w2 D1 w2 D w2 D2
|
.
= : PROCUREMENT
+ MAINTANANCE el SECRETARY L Taa s o
5 ! STORE %o %o
4 ] HPLE STAFF TOILET
;{oé I o N JC] HEAD
I SIAFERODU ENTRANCE OF g
: HALL BURSAR GENERAL SECOND SCHOOL |
L GENERAL OFFICE MASTER |
STORE [ ———
é D1 |
|
w2 w2 w2 w2 w2 w2 w2 w2 :
I
_________________________ H ——— | N |

FLOOR PLAN

150
L

|
502050 1800
4150

L
1

3200

12

E LT M U o
PHYSICAL PLANNING AND MANTENANCE SECTION iy T 14100
ADMINI TON BLOCK

URBAN AREA TYPE1 DATE DRAWING NO
LAYOUT PLAN HJUNE; 2006 s SDP/02U1/01

Floor plan of a typical Secondary School Administna block

page 8-XX



8.4. Annex 2: A CALL FOR A “MARSHALL PLAN" FOR AFRICA'S ICT
DEVELOPMENT

connectivity. While mobile has surpassed fixed liekephone access, fewer than 4 ou
70 per cent of all Internet traffic within Africa ire-routed outside the continent, driving
costs for businesses and consumers.

have to mobilize the world’s human, financial aedhnical resources to support econo
elsewhere — who have been given the challengeptitating their successes in Africa —
well as from governments, international organizaiand development banks. He pointed

his leadership of UN GAID.

would act as a catalyst in achieving the broadeeld@ment goals. "ICT is a means
creating wealth and sustainable economic growth Sdid.

Source: ITU, (2007)http://www.itu.int/newsroom/press_releases/200Ti8l.

"We need a Marshall Plan for ICT infrastructure elepment in Africa," said Dr Touré. "We

With less than 8 years left to meet the 2015 targéthe UN Millennium Development Goals
(MDG), drastic steps are required. Dr Touré poirgetithat meeting ICT connectivity targets

While investment in ICT infrastructure in Africa sianproved dramatically in recent yealrs,
representing a total of USD 8 billion in 2005 (wpr USD 3.5 billion in 2000), and growth
in mobile phones has increased by as much as 40€epg Africa has fallen back in overall

of

every 100 Africans have Internet access; broadpaneétration remains below 1 per cent; and

up

mic

growth, employment and development across Afriee"added that support was pouring in
from partners in this endeavour, including fromdieg ICT companies in Silicon Valley and

as
out

that the Chairman of Intel Corporation Mr Craig B is spearheading the efforts through

of
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8.5. Annex 3: Energy demand for a single dispensary takig Kishanje dispensary as a

typical example

specif. guantity: | Total specif. Unit daily Daily
Medical units & space|area people |Floor power Power use Energy
type regmt. or items |area. regmt. demand duration |regmt
m?2 per
person or W/mz
item p m2 (lighting) wW h/d Wh/d
One Unit: Kishanje Dispensary
Lighting energy calc.
Patients care buildings
Main disp. Bldg 1 60 5 300 4 1200
Main wards building 1 100 2 200 6 1200
Matern. Labour ward 1 20 10 200 8 1600
Matern. Nurses office 1 12 5 60 10 600
Neonatal ward 1 20 5 100 8 800
Patients' Kitchen 1 12 5 60 4 240
Patients Toilets 1 4 2 8 2 16
Patients' washrooms 1 4 2 8 2 16
Subtotall(Patientscare) 8 232 936 5672
Dispens. staff housing
Sitting rooms 16 2 32 5 160 4 640
Bedrooms 12 4 48 5 240 1 240
Kitchens 3 2 6 5 30 4 120
Washrooms 2 2 4 2 8 1 8
Toilet 2 2 4 2 8 1 8
Subtotal? (staff housing) 12 94 446 1016
Other Equipment **
Medical Refrigerator 1 1900
Light Microscope 1 100 6 600
Cellphone 2 5
Radio (in staff residence) 2 50 4 200
TV (in staff residence) 2 3 5 15
Subtotal3 (electr.gadgets) 2720
Grand total (whole disp.) 20 326 1382 9408
Dispensaries in Tanzania 2450| 798700 3385900 23049600
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8.6.

Number
[Units]

Vijiji 10344
Mitaa 1755
Kata 2555
Tarafa 516
TOTAL 15170
TOTAL CHK

use
dura-
tion
[h/day]
120 4

Unit
power

W]

120

120

4
120 5
6

energy
demand

[Wh/day]

4965120
842400
1533000
371520

7712040

PV power
required
[Wp]

1103360
187200
340667
82560
1713787
1713787

Local Government Administration Housing Energy Calculations

Vijiji 10344
Mitaa 1755
Kata 2555
Tarafa 516
TOTAL 15170
TOTAL CHK

Total for ICT+Housing

Unit

728 N/IA
728 N/IA
728 N/IA
728 N/IA

use

Energy dura-
Number demand
[Units] [Wh/day] [h/day]

tion

Total
energy
demand
[Wh/day]
7530432
1277640
1860040
375648
11043760

18755800

PV power
required
[Wp]
1673429,3
283920,0
413342,2
83477,3
2454168,9

4167955,6

Battery
capacity
[Ah]

413760

70200
127750
30960
642670
642670

Battery
capacity
[Ah]

627536
106470
155003,3
31304
920313,3
920313,3

1562983

PV module
cost
(crystalline)
[€]

5196825,60
881712,00
1604540,00
388857,60
8071935,20
8071935,20

PV cost
(crystalline)
[€]
7881852,16
1337263,20
1946841,87
393178,24
11559135,47
11559135,47

19631070,67

Annex 4: Local government energy & cossts calcul@ans for ICT & housing

PV module
cost (thin Battery
film) cost
[€] [€]
2603929,60 542025,60
441792,00 91962,00
803973,33 167352,50
194841,60 40557,60
4044536,53 841897,70
4044536,53 841897,70
PV cost Battery
(thin film) cost
[€] [€]
3949293,23 822072,16
670051,20 139475,70
975487,64 203054,37
197006,51  41008,24

5791838,58 1205610,47
5791838,58 1205610,47

9836375,11 2047508,17

ICT
equipment
cost
[€]
10344000,00

1755000,00
2555000,00
516000,00
15170000,00
15170000,00

Home
appliances
costs
[€]

3103200,00
526500,00
766500,00
154800,00

PV system
cost (
w/cryst.
Mod.)
[€]
5738851,20
973674,00
1771892,50
429415,20
8913832,90
8913832,90

PV system
cost (
w/cryst.
Mod.)

[€]
8703924,32
1476738,90
2149896,23

434186,48

4551000,00 12764745,93
4551000,00 12764745,93

19721000,00 21678578,83

PV system
cost (with
thin film
mod.)
[€]
3145955,20
533754,00
971325,83
235399,20
4886434,23
4886434,23

PV system
cost (with
thin film
mod.)
[€]

4771365,39

809526,90
1178542,01

238014,75
6997449,04
6997449,04

11883883,28

PV+ICT
system cost
(with cryst.
mod.)
[€]
16082851,20
2728674,00
4326892,50
945415,20
24083832,90
24083832,90

PV (cr)
sys+Home
Appl. cost

[€]
11807124,32
2003238,90
2916396,23
588986,48
17315745,93
17315745,93

41399578,83

PV +ICT
system cost
(with thin
film mod.)
[€]
13489955,20
2288754,00
3526325,83

751399,20
20056434,23
20056434,23

PV (thn-flm)
syst+tHome
Appl.cost
[€]

7874565,39
1336026,90
1945042,01
392814,75
11548449,04
11548449,04

31604883,28
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8.7. Annex 5 Potential sources of finance for PV projest

As stated in the thesis PV projects could bettgoriesented in the framework of providing a
particular service with PV serving as an energy@®ior successful implemented of that
service. So the PV costs could only be taken asop#éine costs of the whole project. A number
of partner sources could come together with eadmg@asupporting a part of the costs. In
addition local resources such as land and labaulddme involved and in this case even if these
resources are not paid for their value must be @aeladged in a financial equivalent. With this
in mind, then the potential sources of financialowces are as enumerated hereunder:

Sources of finance

Finance for the above mentioned purposes would tealse obtained from one or a combination
of the following sources:

Internal sources:

1. Central government (grants, subventions, perscsalaties, allowances etc.)

2. Local governments (grants, subventions, persoratatiss, allowances, etc)

3. Local entrepreneurs (investment, publicity/goodwilicro-credits, training)

eg Zara Solar, of Mwanza Tanzanidafa Solar 2007

http://www.ashdenawards.org/files/2007 _technicahmaries/Zara 2007 _Technical re

port.pdf (accessed 9 Jan 2008)

Local banks (in form of credits, publicity/goodwiivestments)

Local non-governmental organisations (NGO'’s) (céabour mobilization)

Local community based organisations (CBO’s) (céatgur contributions)

Local religious organisations (cash, labour, mahtion and/or contributions)

Political parties (cash, labour mobilization andZontribution)

Schools themselves (cash, labour mobilization ara/otribution)

10 Parents (cash, labour contributions)

11.Pupils (labour)

12.Local PV components/systems manufacturers (equiprtraming)

13. Local representatives of foreign PV componentsé&ystmanufacturers (equipment,
training)

14.Local Technology Incubation Programs

©ooNOOO A

External sources:

15. Foreign governments(grants, loans) through bilaterd/or multilateral agreements

16. Foreign political parties eg The Greens (Europfp $Germany),

17.Overseas cooperation/development agencies, eg &§DA, NORAD, USAID,
SenterNovem

18. International academic cooperation organisatione&4D, VLIR, SAREC

19.International organisations eg UN, EU,

20. Specialized UN departments eg UNEP, UNESCO, UNIGERO, ILO, or specialized
funds e g GEF,,

21.International Banks eg ADB, KfW, WB-IFC,

22.International RE entrepreneurs, eg LOH

23.Foreign manufacturers of PV components and/or Bystégrants or credits in form of
their products for systems demonstration purposes)

24.International philanthropic organisations eg Billgelinda Gates Foundation, Bill
Clinton Foundation, Africa 2000 (Jimmy Carter foatidn).

25.International environmental foundations and loblgigdHeinrich Boell Stiftung,
Greenpeace,
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26.Specialized RET funding organisations

27.Foreign/International religious organizations egrRIBFAS,

28.Carbon trading (CDM) [last priority because thisde competitive with other cheaper
carbon trading mechanisms eg forestry]

29.Foreign Technology Incubators
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8.8. Annex 6: List of plants that can be used to generatenergy (energycrops)

Energy plant species that can be grown to produce
alternative fuels for use at Hybrid stations together with
Photovoltaics (PV) include

Aleman Grass
Alfalfa

Annual Ryegrass
Argan Tree
Babassu Palm
Bamboo

Banana

Black Locust
Broom

Brown Beetle Grass

Buffalo Gourd
Cardoon
Cassava
Castor Oil Plant
Coconut Palm
Common Reed
Cordgrass
Cotton

Cuphea
Eucalyptus
Giant Knotweed
Giant Reed
Groundnut
Hemp

Jatropha
Jojoba

Kenaf

Leucaena
Lupins

Meadow Foxtall
Miscanthus
Neem Tree

Oil Palm

Olive Tree
Perennial Ryegrass
Pigeonpea
Poplar

Rape

Reed Canarygrass
Rocket

Root Chicory
Rosin Weed
Safflower

Safou

Salicornia
Sheabutter Tree
Sorghum (Fibre)
Sorghum (Sweet)
Sorrel

Soybean
Sugarcane
Sunflower

Sweet Potato
Switchgrass
Tall Fescue
Tall Grasses
Timothy
Topinambur
Water Hyacinth
White Foam
Willow
Cereals

* Barley

* Maize

¢« OQats

* Rye

e Triticale

*  Wheat
Pseudocereals

¢ Amaranthus

e Buckwheat

e Quinoa
Microalgae

Source: El Bassam, N (1998); “Energy Plant Spéciéames & James
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8.9. Annex 7: Some sources of further information on Sar Energy
(various solar energy organisations, associatiofamation services, and publishers)

General Info on RE & EE in Buildings:
http://www.bauherr.de

BOXER - Infodienst: Regenerative Energie
http://www.boxer99.de

CADDET - global information on commercial RE applions
http://www.caddet-re.org

Solar energy news-server
http://www.solar-news.de

EREN - Energy Efficiency and Renewable Energy NekwtdS Dept of Energy)
http://www.eren.doe.gov

Interactive Solar Energy supply advisottéraktiver Forderberater
http://www.solarfoerderung.de

James & James - International Environmental Sci@utgisher
http://www.jxj.com
(Publishers of Renewable Energy and Energy Effoyditerature).

PHOTON - The Solars electricity magazin
http://www.photon.de
PHOTON - Das Solarstrommagazin

PV Portal
http://www.pvportal.com

Renewable Energy On-Line Database
http://www.jxj.com/suppands/regenerg/index.html

REFOCUS Magazine (official publication of ISES)
http://www.re-focus.net

BINE - Burgerinformation Neue Energietechniken, itatormationszentrum Karlsruhe
http://www.bine.info

German Renewable Energy Federation (BEE - Bundeardrerneuerbare Energien
http://www.bee-ev.de

German Solar Industry Association (BSW-Solar) Buaveeband Solarwirtschaft e.V..

the commercial arm of the German Federal Unio8aér Industries (BSi - Bundesverband
Solarindustrie

http://www.bsi-solar.de)
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Rural Electrification in Developing Countries dejpagnt of BSi
http://www.rural-electrification.com/

German Information Portal for Renewable Energy
http://www.unendlich-viel-energie.de/en/homepagalht

German Energy Agency (DENA) - Deutsche Energie Agren
http://www.deutsche-energie-agentur.de

German Society for Solar Energy (DGS) - Deutscheeischaft fir Sonnenenergie e.V.
http://www.dgs-solar.org

Berlin Chapter of DGS - Landesverband Berlin Brarmeg e.V.
http://www.dgs-berlin.de

Energie-Online
http://www.energie-online.de

EUROSOLAR
http://www.eurosolar.de

Renewable Energy Research Association (FVE&Bjdchungsverband Erneuerbarenergen)
http://www.fvee.de/
direct to PV related articles: http://www.fvee.aedchung/forschungsthemen/photovoltaik/

Solar Energy research Association (FVEBdrschungsverband Solarenerpie
http://www.fv-sonnenenergie.de

Forum for Future Energied:drum fir Zukunftsenergien .V
http://www.zukunftsenergien.de

Hahn-Meitner-Institut, Berlin (HMI)
http://www.hmi.de

Energy Estimation / Calculation /Simulation Softwae

Dr Valentines Energy Software Co.
(www.valentin.de)

Building Energy Software Tools Directory (Database)
http://appsl.eere.energy.gov/buildings/tools_daoect

ICT and Open Source Software Development

This is a NASA Open Source for various softwardudimg those for PV
http://opensource.arc.nasa.gov/

Some ICT policy studies by UNDP http://www.opt-ioitg/framework/pages/title.html
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8.10. CURRICULUM VITAE

Kamugisha A.W. Byabato, Engineer and University Leturer
Born 11- November - 1955, Bukoba, Tanzania

1977-1978 Study of Russian Language
Leningrad Polytechnic Institute (Preparatory FggulLeningrad USSR
1977-1983 Study of Mining Engineering

Leningrad G.V. Plekhanov Mining Institute, LenindrdSSR, now St.
Petersburg, Russia
Earned a Master of Science (with honours) degrédiming Engineering
1984-1987 Work as Mining Engineer
State Mining Corporation (STAMICO), Tanzania
Start construction of the Kiwira Coal Mine Complex
Construction of a 4km mine access road and brigge the Kiwira river,
underground preparatory works and mine surfacelings
including mine operation buildings, workshops, @8, coal washing
plant, coal fired power station and workers’ resiild township with so-
cial facilities (hospital, schools and public admsiration buildings).
Jul-Sept. 1987  Study of French Language
At the Centre for Applied Lingustics (CLA),
University of Franche-Comte, Besancon France
1987-1988 Study of Mining Technology and
Development of Underground Mineral Resources
Center for Higher Studies in Mining Technology (JEBIN),
Nancy School of Mines; Nacy, France
Earned two French degrees
Dipléme d’Ingénieur Expert en Techniques Miniéi@g( Ing.Exp.)
Dipléme d’Etudes Supérieures Spécialisées (DESS)
of the National Polytechnic Institute of LorrairidliPL)
1988-1991 Promoted to Senior Mining Engineer
Continue with operations at Kiwira Coal Mine.
Jan- June 1992 Brief working stint as Technicalriretor
Government Technical College, Kibungo, Rwanda
1992- To date  Lecturer for Building Technology, Bing Services
Architecture Department, Ardhi Institute,
renamed University College of Lands and Architeaitgtudies (UCLAS)
now Ardhi University, Dar es Salaam, Tanzania.
Jan-Mar. 2001  Visiting scholar University of Flaidsainesville, USA
Jul 2004 PhD candidate, Chair of Environmental Architecture
To-date Dortmund University of Technology, Dortmund, German
Deeper studies and research in Energy-EfficiencyAgpplication of Re-
newable Energy Technologies (RETS) in buildings.

2007 Established the Tanzania Energy Research Institute,
To-date in Dar es Salaam, Tanzania
Languages:

Conversant with the following languages:
English, French, German, Russian, Kiswabhili, Ruhaya
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