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Abstract: The lecture deals with the role of energy in susthie development of human society, and related
energy issues. Social, cultural and technologieaketbpment of human society is intertwined with thigcovery
and development of energy sources. The journeyeskldpment began over a million years ago with the
discovery of fire which continues unabated everayodeeding ever more energy to fuel the inflatigrarcle of
development. In the first part of the lecture tloéerof energy in development is reviewed in relatio the
development of energy sources and their use. Irséitend part of the lecture energy consumptiorvémious
regions of the world is analyzed and energy indicabf development are identified. Vast disparigyvieen the
developed and developing countries is reflectetheir energy consumption patterns. As developingnties
strive to join the ranks of developed countrieg, dieveloped ones endeavor not only to sustain diesilopment
but also to achieve higher levels of the qualityifef for their people. This together with the giiag population
has led to an ever increasing consumption of enefgigh at present is supplied by non-renewable casyr
predominantly fossil fuels. This in turn has leddegradation of our atmosphere, land and water tHihe part of
the lecture emphasizes on the need to develop newemewable sources of clean energy which shak tiae
potential to sustainably supply the energy needfunfre while preserving our environment. The cadaig
section of the lecture focuses on energy sustdityaind security for the generations to come.

Key Words: Sustainable development, Energy sources, Renewais#egy, Energy demand, Energy supply,
Energy security, Energy sustainability.

1. INTRODUCTION

Title of the lecture,Sustainable Development: Energy Matt@@mprises two phrases of two words each,
‘Sustainable Development’ and ‘Energy Matters’, iyiqg an intimate relationship between the two gahh
order to appreciate this relationship, we begiméfining the four words.

Sustainability is best defined by the Brundtland World Commiss@m Environment and Development as:
“Human endeavor which meets the needs of the cugemtration without jeopardizing the needs of fatur
generations”[1]. In not so distant a past indiscrete exploitationoof resources and the environment was a
globally accepted norm. However, over the pasttquaf a century or so, with the awareness of dagieting
resources and degrading environment, sustainahgitybecome an ever growing concern in all huméwitées

and goals that involve the use of natural resoureggding energy and the environment. In the cdndé energy,
sustainability can be stated dEnergy that is produced and used in ways that wilpport long-term human
development in all social, economic and environ@aleafimensions’{2].

Developments “An ongoing process to achieve industrializatiorsu#ting in higher gross domestic product and
increased per capita consumption of commercial gyierincreased access to education, health care, clasar,w
and expanded communication and transportation mksaare some of the natural outcomes of development
though the benefits are not necessarily evenlyibliged throughout the population.

Physics text books defirienergy as“an entity needed to do worl{3]. Energy, for example electricity and heat,
is used to operate machines in our industries aciiiies, to run the transport, and to operatedimld gadgets.
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It is derived from a variety of sources namely fiveod, coal, petroleum products, nuclear fuel, suind etc.,
and its production, distribution and usage direaffgct the environment.

In the present contexilatters has a dual meaningi) Issues related taand(ii) Plays a role.Thus, the phrase
Energy Mattershas double meaning) Issues related to energgnd(ii) Energy plays a role.

With this understanding of definitions, and puttimgth parts of the title together, it alludes ‘&nergy issues
and the role of energy in sustainable developmenthese are discussed in the lecture under the fwitpw
headings:

() Energy and development.

(i) Energy sources.

(i) Solar energy.

(iv) Energy demand, consumption and economic development

(v) Environmental impact of energy use.

(vi) Energy indicators of development.

(vii) Energy security and sustainability.

2. ENERGY AND DEVELOPMENT

Pivotal role of energy in development is exemptiftey the following quotations [2] selected from Heeds of
similar quotations.

“It is clear that there is some difference betwemms: some ends aenergia (energy), while others are
products which are additional to tlenergid.
- Aristotle, Greek Philosopher (ca 325 BC).

“Fire is the best of servants, but what a master”.
- Thomas Carlyle, British author (1843).

“Affordable energy in ample quantities is the lifetd of the industrial societies and a prerequidite the
economic development of others”.
- Eugene Odum, US Physicist (2001).

These three quotations, spread over two and arhidlénnia, point to the following basic facts abdiie
relationship between energy and development:
» Energy is central to all production (industrial}ieities which in turn lead to economic development
» Fire, known to mankind since prehistoric time, remaa key role player in meeting the human energy
needs even in the present times, for example the i{thermal) generation of power or the operatibn
our transport.

There are many aspects of human development nasuelsl, cultural, economic, industrial, technol@gietc.
Here we consider an oversimplified scenario ofapciultural and technological development of hureadiety
from the energy perspective. Economic developmieall be linked to energy demand and consumptiooutin
industrial development in a later section of thetuee.

2.1. Social, Cultural and Technological Development
The journey of social, cultural, and technologidalrelopment of human race began with the discowéthe
production, and controlled use of fire 200,000 %@0,000 years ago [4]. Burnt bones, bones treated to

temperatures of 200 to 300 °C, which is far abdwe temperature of bush fire, and bone tools founthé
Sterkfontein caves in South Africa suggest thatliad been used by our ancestors as early asidmyidlars ago.
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The journey of development that started with theitg of fire continues even to this day and reméigd-up to
the development and use of energy sources. Sontg magstones in this journey are:

Prior to the discovery of fire, the only sourceesfergy known to prehistoric man was the sun which
provided light and warmth. Perhaps a limited useaddr energy was also made to dry and preserve mea
and food. Life revolved around the cycle of the sumdl the daily activities were confined to day-tigh
hours. Nights were cold, and dark, dreaded of tfeaem wild animals. People lived in caves for
protection. Their habitat was confined to warmémates. Archeological findings also suggest that th
warm continent of Africa is th€radle of Mankind.

Prehistoric man was familiar with wild, naturalefifrom lightening, volcanic eruption etc., but wast
able to produce and control it at will. While hefed wild fire, he was aware of its utility as amse of
heat, light and protection from wild animals. He'lisps also made opportunistic use of wild fire in
consuming burnt and roasted animals and wild fitod. this awareness which might have inspiredyearl
man todiscoverfire.

Thediscovery of fireand the ability to produce and control it providigght at night, heat to keep warm at
night and on cold winter days, and protection frgmedators. This would have resulted in the
development of night-time activities around firelsas singing, dancing and storytelling, and wdade

led to migration to colder climates. In fact, digeny of fire led to an unparalleled revolution imet
history of mankind which can be seen even todakénuse of fire in industry, power generation, el
transport sector.

Ability to tame animals to ride and carry load pmbther important source of energy, the animal powe
at the disposal of mankind. This would have incedathe range of migration and exploration. Hunting
and agricultural practices would have changed. @siige of animals, perhaps, was also the emergence
of materialistic societies.

Invention of wheel gave birth to animal driven tages and it forever changed the whole concept of
mobility. Bigger loads and number of people coutdtitansported longer distances and faster usingrfew
animals. This was the beginning of the era of gnefficiency,i.e., having more work done with the use
of less energy (animal power). Thus, energy efficieis not a new concept. The quest for energy
efficiency is rooted in the invention of the wheéthough the phrasenergy efficiency”was not coined
and did not come in common use till as late asasiequarter of the J0century.

Another importantenergy - milestone’on the road to development is the harnessing ofvthd and the
tidal power, and the discovery of sail boats. Thither extended the range of mobility. Migraticr@ss
oceans, and international trade and cultural exghaeveloped.

Discovery of coal and its use as a preferred, coieme and abundant source of thermal energy togethe
with the invention of the steam engine set stagetli@ industrial revolution. The first industrial
revolution starting in the latter half of the"L8entury (late 1700s) to the early™®entury (around
1850s) was a result of a combination of ongoingpemsocio-political processes, but the role ofrgpe
and the scientific and technological discoverieandt out as the main catalyst without which
industrialization would not have happened.

The second industrial revolution from 1860s toehdy 1900s was onset with the use of liquid fuks,

oil, and the invention of the internal combustiowgi@e. This phase of development was rapidly ptegel
forward with power generation and distribution dzifites and the invention of electrical motors and
machines. This period also saw a growing energyatheinfrom the domestic sector driven by improved
living standards in the developed countries. Totntiee demand new energy sources and technologies
were discovered. A particular mention should be enafcthe nuclear energy which became commercially
availablein the mid-1950s.

The third industrial revolution started in the [at®00s with tremendous developments in mass
communication, information technologies, and spaqaoration and technologies. There has also been a
rapid development in the transport sector. All nsodéfast moving motorized ground transport, planes
crisscrossing the skies, and large ocean linelimgdhe ocean have become the order of the dawt Mo
consumer goods are now mass produces in factargesneet the ever increasing global demand of
cheaply produced quality goods and services, thasebeen a trend of relocating of manufacturing and
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off-shoring of services to the underdeveloped,dtiinrid countries which have lower labour and
overhead costs, leading to industrialization oktheegionsThere has been a phenomenal steady growth
in energy demand to power factories and the trahspo fuel this new wave of development of the
underdeveloped parts of the world and to extendggreervices to thus far energy-destitutes to im@ro
their living conditions, we not only need new, affable and abundant sources of energy but theyidhou
also be environment compliant. As a result, devalamt and promotion of new and renewable sources of
energy such as solar, wind, tidal, geothermal etud energy efficiency and conservation have gained
momentum. Thus the mankind's quest for energy skated with the discovery of fire about a million
years ago still goes on for new sources of enargypply ever increasing demand.

From this brief overview of the development of hunsaciety since pre-historic time, it goes witheaying that
energy has been the key driver of developmenhémtesent-day-world as well, our observation tadlshat the
countries and the societies that lack access t@gteck development. This has resulted in thenmation of the
world into developed, developing and underdevelogmehtries with a vast disparity between the quaftlife

and the standard of living of their people. To gate this disparity, developmental goals have leitiated at
global as well as national levels, for example Mikennium Development Goals (MDGE] for global poverty
reduction and human development by 2015 adopteth®y2000 United Nations General Assembly, and the
Vision 2016: Towards Prosperity for 48] of the Republic of Botswana. Energy remainsmaportant ingredient
for the realization of these development goalsgf@mple:

» To reduce universal poverty and hunger, (MDGHDNergy is required for job creation, self-employtne
farming, and food processing and distribution.

» Universal primary education (MDG 2)annot be achieved without energy for lightingclass rooms,
teachers’ residences, and students’ hostels de#se Energy is also needed to improve the quafity
teaching and learning through the use of audioaligguipment, computers and to teach laboratory
courses.

» Can we hope teeduce child and mother mortality at birth (MDG @ndimprove health services (MDG 5
and 6) without energy for lighting, sanitation, refrigécam and storage of life-saving drugs, and for
residences of the medical staff and health wori@edtract them to work in remote and rural clirdesl
health posts.

Thus, energy is a fundamental prerequisite fordadization of all development initiatives. It isone so because
the development goals are mostly targeted at uedletoped communities. Such communities also lackssto
adequate energy resources which itself is resplenfilb their underdevelopment to begin with. Evérsame
partial success could be achieved initially in iidlon of some of the development goals, it wal difficult to
sustain those achievements and make further pgidsout access to sustainable energy.

3. ENERGY SOURCES

Most abundant primary energy sources used glotallpresent are wood and the fossil fugls,, coal, oil
products and natural gas. Their demand and consampatterns reflect the economic development ef th
respective consumer societies. Nuclear, hydro posaar, wind, geothermal, tidal etc. contributdyca small
fraction of the total energy consumption. Electripawer is also a major source of energy, but & msanmade,
secondary source of energy produced by fuel comrefsom primary sources of energy, namely foss@l$,
hydro and nuclear power.

3.1 Classification of Energy Sources
A number of different schemes are used to clagsiBrgy sources which depend upon their means dfiption,
procurement, distribution, usage, lifetime of thgiobal reserves and the cost. Commonly used filzg&n
schemes are as follows:

Scheme 1As per this scheme, the energy sources are ckdifio the following two categories:
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(i) Traditional or Low grade energy source¥hese sources have low commercial value. They are
available either free of cost or at a very littiesst They lack formal network of procurement and
distribution. They are used as a source of themma&lrgy to meet basic energy requirement for
cooking, heating and lighting by the poor, rematd eural populations which lack development, and
economic means to use high cost energy sourceseTémmergy sources are not used for industrial
application or for electricity generation.

(i)Commercial or High grade energy sourcage the fuels of choice for industrial use, power
generation, transport sector and to sustain lifeesdf luxury. They are produced and distributed
through a formal infrastructure at a cost to consum

Scheme 2Under this scheme also the energy sources are egldnfo two categories as follows:
() Non-renewable sources of energy¥hey have limited reserves. Once consumed, they ar
irreplaceable. With continued consumption theiereas diminish, and will eventually be exhausted.
(i) Renewable sources of energgve inexhaustibleeserves and their supply will never run out even
though their rate of consumption may grow with tinfeliels that regenerate, even though their
supply at a given time may be limited, are als@rdgd as renewable.

Scheme 3The two categories of fuel classification undés gtheme are:
(i) Fossil fuels:These fuels have been produced through fossilizaticancient biomass over millions
of years. They are also non-renewable sourcesesfign
(i) Non-fossil fuelsThese fuels are either generated by human inteéoveor they generate themselves.
They could be either renewable or non-renewablenidipg on how they are produced.

The following sub-sections list the energy souraader various categorizations, and their direct sulifect
uses. Because of the different classification s&sgrmach energy source belongs to more than oagocatof
fuels.

3.2 Traditional Energy Sources

These include:

* Wood fuelis used as a source of thermal energy for cookiagting, and lighting. It is a non-fossil fuel,
and non-renewable under normal usage. However, suigkainable harvesting and reforestation it can be
regarded as renewable. Through fuel conversionegsoit can be transformed into charcoal, which is a
commercial, higher grade of fuel.

e Cattle dung: Dried dung cakes are used as a source of heagyerelis a non-fossil, renewable fuel.
Cattle dung slurry is used to produce bio-gas lmiocamass digester which is a higher grade of energy
source used for cooking, heating and lighting.

» Agricultural wasteis a source of thermal energy and bio-gas producti®ould be regarded as a
renewable fuel.

» Animal poweris used as means of transport for people and geititer directly loaded on the back of the
animal or by using animal pulled carriages. In #ggiculture sector they are used to plough theldiel
pull water from wells, and to turn traditional fanmachinery. Here it is worth noting, as has alsenbe
stated earlier, that the use of animal-pulled egss, as against carrying load on the animal backn
example ofenergy efficiencypracticed ever since the invention of the whealcimbefore the term
‘energy efficiencywas coined by scientists and engineers and carnenmmon use in recent times. In
fact, prior to the oil crisis of 1972, energy eiiacy and energy conservation were paid very little
attention.

» Solar energywhen used directly as a source of heat to keep wanch to dry meat and produce as has
been the case since prehistoric times is alsal@itmaal source of energy which is renewable.
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3.3 Fossil Fuels

These include coal, oil and natural gas. They Hasen produced in nature through fossilization afiem

vegetation and marine life over millions of yeargler intense pressure and heat in the interidneogarth. Fossil
fuels are non-renewable, commercial fuels. Infrattre for their production, transportation andriistion is

well developed. The world economy at present ip@lted by fossil fuels. They are the preferred seunf

energy for a wide range of industrial and non-itidalsapplications and power generation. In 200486 of the
total world primary energy was provided by fossiéls [7]. A large fraction of them, mainly coal ltmked by

natural gas was used to generate 68% of the tatdtivelectricity [7]. The transport sector almosgtlasively

uses oil products with the exception of some oldshnd railway trains that use coal.

3.4 Renewable Energy Sources

Solar, wind, tidal, geothermal, bio-fuel and biogae the renewable sources of energy (Figure 19eiRes of
solar, wind, tidal and geothermal sources of enargyinexhaustible. They never run out of supphsipective of
their continued and growing rate of consumptiorogdis and bio-fuel are renewable because their sawt
production regenerate. Hydro power from a natpea€nnial source without significant change intbkime of
flow with time is also renewable and so is the wagal from sustainable forestation and harvestiyaec

Solar

Geothermal

F

i #
g -
= A
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Figure 1: Some examples of renewable energy sources

When used as-is, applications of solar, wind, tatad geothermal energy are limited to low-gradegnasage,
and the work - energy efficiency is significantbyl, for example the use of solar radiation to kepm in cold
climate or to dry produce, and the use of wind gynéo propel a sail boat. It is only when used @mjanction
with appropriate technologies; these energy sounee® the potential to make significant contribatio the
energy supply for industrial and general-use appibos in the context of development. The examples
electrical power generation from solar, wind amiltienergy sources; high temperature heat generatim solar
and geothermal sources for industrial heat apjpinadr for power generation. Common applicationsiogas
are limited to lighting, cooking and heating. Bigef is an oil substitute and is used to blend wétural oil.

Hydro-power has been used as-is for centuries wepavater-wheel for the grinding of grain. Howevis,

greatest potential as a modern and significantcgoof energy lies in the hydro—power generatiogyfé 2) that
contributed 15.6% to the total world electricityngeation in 2007 [7].
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Water wheel

Mini-hydro

Water wheel and mini and large hydro-power pragject

3.5 Fuel Conversion

Fuel conversion is the transformation of one forfnemergy source to another form of energy or ensmyrce
with the aid of fuel conversion technologies. Hietly is a typical example of fuel conversion whigs not a
primary energy source, rather a man-made form efggn It is generated from a variety of energyrses such
as fossil fuels (coal, oil, and natural gas), nacliuels, hydro-power, and solar, wind, tidal arebthermal
energies. It can be termed as renewable if thegoyirmput energy sources are renewable for exarsqliar,
wind, hydro etc., and it is non-renewable if tharses used to generate it are non-renewable fongeacoal, oil
and gas. Electricity is the most convenient fornemérgy because of the ease of its transmissionliatribution
to consumers. At the consumer end it can easitobgerted to other forms of energy or deployeda@uay form
of work by using appropriate motors, machines auhrnologies which are freely and commercially ad.
This makes electricity the most desirable commégmargy of the highest grade. However, becausbeohigh
generation, transmission and distribution cosis itot accessible to a large number of consumersnote and
rural areas in developing countries and it is moafiordable option for poor consumers.

Figure 3: Because of the ease of transmission astdlalition,
electricity is the most convenient form of energy.

Charcoal is another example of fuel conversion whscproduced from controlled combustion of woodiem
controlled air supply. The end product is an easdynbustible, dark soft coal used for heating andking.
Because of the ease of packaging, transportatidrdestribution it is a more preferred source ofrthal energy
than wood. Because of the costs involved in pradncand distribution it is a commercial source gsiast
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wood-fuel which is generally freely harvested byatuconsumers. Same environmental implications fhame
deforestation and desertification are associatdlu thé use of charcoal as is the case with thetseod-fuel.

Figure 4: Charcoal production is controlled comhbostof wood under controlled air supply
3.6 Other Energy Sources and Technologies

There are a number of energy sources and techeslagime of which are well developed and have beknge
scale usage for decades while the others are dithBmited use or are at various stages of reseantd
development. Without going into details, the enesgyrces and technology which have been in largke ssage
are: nuclear fusion energy from fissionable heaweyns for example Uranium; peat, tight and tar samtkshale
which are fossil fuels. Sources and technologiasdhe in either limited use or at different stagksesearch and
development are: waste-dump gas, hydrogen, fulsl, 8HD generators, combined power and heat cyckH).
Energy from nuclear fusion of light atoms for exdenplydrogen is at advanced stage of R&D. When
commercially available, it will put an inexhausétdource of clean energy at the disposal of mankind

4. SOLAR ENERGY

Amongst the renewable energy sources cited easiay energy has the largest potential in Botswand has
been in limited use since early nineteen eighties. also most relevant to Botswana because ol solar
conditions throughout the country. Like anywherseglin Botswana it is used for lighting, space amder
heating, refrigeration, water pumping, telecommation, broadcasting and village electrificationsBes, solar
energy resource, and systems and devices havetmessearch area of my (the speaker/ author)esttéor the
past 35+ years to which | have made many contobstiWe, therefore, devote this section of lectardiscuss
various aspects of solar energy.

Artists’ impressions of the sun from different cults and periods (Figure 5) signify that sun hanhglobally
recognized through the ages as a sustainer ofiifect solar energy has been used as a sourcarofittv and
light since the first appearance of man on theheart

Figure 5: Sun has been globally recognized throtighages as a sustainer of life.
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In modern times, in an energy hungry world we aterested in more efficient use of solar energguph the
intervention of appropriate technologies. All saaergy devices are based on one of the two teohiesl These
are:
« Solar thermal technologihat converts solar energy into heat energy, and
« Solar photovoltaic (PV) technologthat directly converts solar energy into DC (Dirggurrent)
electricity.

There are also hybrid systems which make use df thwt technologies. Both, thermal as well as PVicdsv
could either be non-concentrating or concentrating.

Non-concentrating devices use as-received, dirgutiglent solar radiation. These devices are itestat a fixed
optimum North-South orientation for a given locatid@o accommodate North-South seasonal motioneotim,
small seasonal North-South adjustment to oriematicthe devices would seasonally improve theifgrerance,
but it is not crucial and is generally not done.

In a concentrating solar device, solar radiatiollected from a large area is focused on to theatewef small
area. The ratio of the area of radiation collectiorthe area of the device gives the concentrattio and it is
expressed as number of suns. For example, norestyation device are one sun devices.

The concentrating devices must continually traekrttotion of the sun so that the solar radiationaiemfocused
on the device throughout the day. For up to 5-qarcentration single axis tracking about a NorthiBaxis is
adequate, but for higher concentration two axeimng is essential.

Common applications of solar energy for lightingngsPV solar panels and, and space and water lgeatth
(thermal) solar collectors are well known to moksbor audience. In the interest of time we shaltl delve into
their details. Instead, here we focus briefly omsoof the less known applications, and discussr atflevant
aspects of solar energy applications.

4.1 Central Receiving Systems

A central receiver system (CRS) also known as pdawer is used to produce extremely high tempeeatgat
which in turn is used either to produce high terapge steam for power generation or for metallaigir other
high temperature industrial applications. A largeniber of large area plane mirrors mounted in andiald of
several square kilometer area reflect solar ramhadin to a central receiver mounted on a high tqwiure 6).
The plane mirrors, called heliostats, continuodisdgk the sun to maintain focus on the receiverSERBf up to
10 MWe capacities have been in use in a numbepuwiitcies for nearly three decades and their numhave
grown rapidly in recent years.

Figure 6: Tracking plane mirrors mounted in a larfjeld reflect solar radiation on to a central réeer atop a tower.

Amongst the earliest examples of a CRS generatoifity is a 10 MWe power tower in Barstow, Califica,
USA which became operational in 1982. It has 18&i®ktat of 39.9m” area each. The tower height is 180
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Heat is stored in a tank filled with 6798 tons otk and the heat transfer oil. The power plant ganerate
electricity at 7 MW for up to 4 hours from the stdrheat [8]

Figure 7: Two views of the 10 MWe solar thermalt@dmmeceiver power tower
in Barstow, California USA constructed in 1982.

Some other CRSs power projects that were implerdahigng the same period include [8]:
A 1000 kWe CRS, the Eurelios, in Sicily, Italy wiast connected to grid in 1981.
A 1000 kWe CRS power plant, the Sunshine, in Shikdkpan started generating power in 1981.
e A 500 kWe CRS power plant and a 500 kWe distributedector electrical generating plant began
operation in southern Spain in 1981.
A 1200 kWe CRS power plant, CESA, in Almeria becarperational in 1983.
A 2000 kWe CRS, Themis power tower near Targassd@mathern France, went in operation in 1983 [9].

Some of the CRS power towers completed in recemtsyieclude [10, 11]:
*  PS20 solar power tower of 20 MW in Spain was completed in 2009.

¢ Sierra Sun Tower of 5 MW in the US was completed in 2009.
¢ Jilich Solar Tower of 1.5 MW capacity in Germany was completed in 2008.

* The 11 MWe PS10 solar power tower in Spain was completed in 2006.
4.2 Passive Solar Architecture

Thermal comfort of buildings for a comfortable tigi and for improved working environment is a keype&rn
for the residents and the workers alike. In thénhigst housing sector and the public and commelcidgdings
this is conventionally achieved with the use ofcgpeonditioning devices. However, in the housingtaein
developing countries in general and the low costshgy globally the use of space conditioning devisewell
beyond the financial means of the residents beocafue high initial cost of the devices and theureent cost of
electricity to operate them. In developing courstip@wer may not even be available in the remoterarad areas,
or the power supply may be unreliable due to fragpewer failures and cuts. Alternative optionrprove the
thermal comfort of a building is the passive s@erhitecture whereby optimum use of solar energypasle by
controlled direct solar gain in the building, anddelective absorption of solar energy and corgttblielease of
the stored heat energy. These objectives are athiby implementing appropriate design consideratidor
example building orientation, window area and phaeet, and by using appropriate construction mdsefa
example the exterior surface colour, thermal insutaand the thermal mass of the structure. A passolar
building incorporating appropriate design parangelers an improved indoors thermal comfort withbetuse of
space conditioning devices at no or very littler@xdost of construction. Use of natural lightingidg the day
results in additional energy savings. A nhumber wfdings in Botswana have been constructed on timeiples
of passive solar architecture though they also hsoree active features. The Botswana Technology eCent
headquarters in Gaborone is one such building.
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The author had simulated annual heating and codbiagls for a medium cost BHC (Botswana Housing
Corporation) house to maintain an ideal indoor rtt@rcomfort with the use of space conditioning desiby
changing some of the design parameters of the hidi#sel3]. The parameters studied were the extevilt
colour, thermal insulation, thermal mass, windoeaaand placement, and a number of different veluesach
parameter were considered. Taking as-constructesehas the base house, percentage changes irotimg @nd
heating loads to maintain ideal thermal comforbtighout the year for each case of simulation withnged
design parameter are shown in Figure 8 [12]. Deeréathe space conditioning loads signifies anrav@ment

in the thermal comfort of the house in comparismthe base case without the use of space conditjagvices.
Likewise, an increase of the space conditioningldosignifies just the opposite. Lastly, the begnacios for
each design parameter which resulted in the maxinhegnease in the space conditioning loads were icauiln
one single simulation, termed as the best caseagoefor the house. The last two bars in Figureh8wsthe
percentage changes in the annual heating and gdolius for the best case scenario. We note thahéobest
case scenario there is 60% energy saving in théngelad during winter months, and there is 30%rgpn
saving in the summer cooling load compared to #eeltase house if space conditioning devices wdre tised
[12]. In simple terms this means that if no spegrditioning devices were used (as is generallyctwe in the
housing sector in developing countries), the thécoenfort of the best case scenario house shai8é better
during winter months and there will be 30% improesmin thermal comfort during the hot summer months
Simulation of indoor temperatures without the ug$espace conditioning devices also predicted sigaift
improvement in the thermal comfort (temperaturdshe house for the best case scenario [14].

100.0 mCooling% ®Heating% ——

Case

Percentage Change in
Cooling and Heating

1234567 8 9101112131415161718192021

Different Cases of Design Parameters

Figure 8: Percentage change in the annual cooling Aeating loads for changes
in various design parameter of the house to mamndgitimum indoor thermal comfort.

4.3 Solar Radiation Simulation

Solar radiation data for the general location whbeesolar devices are to be deployed is essdutiaizing of
solar system for specific application. Where meadudata is not available, one either uses data faom
climatically identical location or generates it &iynulation and modeling. The author has developedraber of
modeling and simulation techniques in collaboratisith other colleagues which include: atmospheric
transmittance models [15], monovariate ARIMA mod¢§l$], and bivariate ARIMA models correlating
extremum temperatures and solar radiation [17,&@&],correlating sunshine duration and solar riigf7, 19].
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Figure (9) shows mean monthly measured maximumnainimum temperatures and solar radiation for seven
locations across Botswana [18, 20]. We note thatw/driation of solar radiation during the yearduals the same
pattern as the variation of the extremum tempeeatfor all the locations. This observation formiee basis of
our bivariate ARIMA model that correlates extremtamperatures and the solar radiation [17, 18].
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Figure 9: Mean monthly maximum (TMax) and minimtiMi) temperatures and
solar irradiation (Slr) for seven locations in Botana.

4.4 Global Solar Potential

Solar energy is the most abundant source of erdigggibuted evenly throughout the world includirge tmost
inaccessible remote areas. Figure (10) [21] shoegtobal distribution of solar energy where thadss of red
represent higher intensity of radiation and shaufdslue correspond to lower intensity. If only 7%tbe total
area of six deserts shown in the figure as bladk @ocovered with only 8% efficient solar PV desc the
devices will produce 13,567 Mtoe (Million ton ofl @quivalent) electricity annually, whereas theatavorld
energy consumption in 2006 was 11,741 Mtoe [21LlsThhe power generated by the devices will exdbed
world energy consumption by 15.6%. The name, loca#ind area of the seven deserts, area and peyeesfta
area of each desert proposed to be covered by P¢ede and the totals of areas are detailed iner@bl [21],
and shown graphically in Figure (11).

This raises some pertinent questions:
» If solar energy is so abundant and has such goesattial why it is not exploited to its full potieed?
* Why the global contribution of solar energy staodlky around 1%7?
» Why is there energy crisis, and why does the cbiiads continue to soar whereas free energy fram s
remains lying idle?
e What are we waiting for?

The answer to all these questions lies in the@oBY power production discussed in the next sudbice.
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Figure 10: Global distribution of the intensity eblar irradiation.

Table 1: Location and area of the six deserts (shasblack dots in Figure 10), area and the peragatof their
total area that needs to be covered with PV devicgenerate more than the total energy consumpti@o06.

Desert name/ Location| Desert area Proposed Area| Percent area
(km? covered (knf) | covered
Sahara/ Afric 9,064,96! 144,23: 1.€
Central sandy/ Australia 388,500 141,509 36.4
Takla Makan/ China 271,950 178,571 65.7
Arabian/ Middle East 2,589,910 138,889 5.4
Atacama/ S. America 139,860 136,364 97.5
Great Basin/ USA 492,100 170,455 34.6
TOTAL 12,947,280 910,019 7.0
100 -
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60 ?

50 -

40 -

30 ?

20 '/

13 - -
Africa, Australla, China, Mlddle South USA, TOTAL
Sahara Great Takla East, America, Great
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Figure 11: Percentage of the areas of six deserSigure 10, and Table 1
that will produce more than the total energy conedrim 2006.
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4.5 Comparative Cost of RE-Power Generation

Figure 12 [22] shows the range of per unit wholesahd retail consumer prices of power generateah fro
conventional primary energy sources and technadogiertical bars), and per unit cost of power getest from
various renewable energy sources (horizontal b&#.note that solar-PV power generation is theliesst
option. It's per unit cost starts at the maximunaitgorice of conventional power and could be aghas 3 times
the maximum retail price or higher depending ontduhnology and materials used. Although thereisast of
fuel for solar power generation, the technologied materials used for the devices carry a very kiggt. This
puts the solar power generation at a big disadgenta a highly competitive commercial enterprisepofver
generation. Unless the costs of solar deviceslandaterials come down drastically, the solar pawetion shall
remain open only to specialized, remote and emeygapplications. At this stage we ask: What is belone on
the research and development front to bring dovendbst of PV power generation, and to what extaohs
efforts are bearing fruit? We answer this quesiictime following sub-section.

 Cost-competitiveness of Selected
Renewahle Power Technologies
Retail
Wholesale consumer

power power
price price

Smalthyaro| E— ]

Solar
photovoltaic [ 1000

] | —
solar
iomass | RS- ]
Geothermal B ]
wind =]

10 20 30 40 50
Power generation costs in USD cents/kwh

Figure 12: Comparative per unit cost of RE-powenegyation,
and the current wholesale and retail per unit powece.

4.6 Efficiency of PV Devices from different Materids and Technologies

Extensive research and development is going ompodve the conversion efficiency of PV devices, tmbring
down their cost with the use of different materiaigl technologies. Best lab-conversion efficienciegarious
types of PV devices from 1975 to present are shaviigure 13 [23].
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Figure 13: Best conversion efficiency of varioysety of experimental solar cells.
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Without going into details we make the followindgearesting observations from the Figure:

» The efficiency of all types of solar cells has gased significantly over the past 35 years.

» Thin film solar cells, because of significantly yesmall quantity of material used for their fabtioa, are
the potential candidate for bringing down the aafsPV power generation. Therefore, it is perhags th
thin film solar cells which could emerge as thef@med devices for future power generation for
terrestrial applications as against space and dgefapplications where a very high reliability issde
irrespective of the cost.

Despite very encouraging continuous gains in efficy since 1975, and the cut down in the cost eérizds, the
overall cost of the PV devices for commercial pogeneration still remains highly uncompetitive.

4.7 Other Solar-PV Technologies

In addition to the ongoing research and developrimenbnventional PV devices and technology sumnedrin
Figure 13, research and development is also beidgrtaken in non-conventional materials and teagiet to
develop low cost PV devices and systems with aftdab-aim:
» Development of innovative technologies to bring dahe cost of commercial production of devices, and
« Development of new and low cost materials.

Some non-conventional, low-cost solar cells iniid, shown in Figure 14, are:
« Paint-on and spray-on solar cells (top row), [24].
e Carbon Nano-tube solar cells, (bottom left), [25].
« Large area, roll-on plastic solar cells [26].
» Hybrid solar cells [27],
» Pour-on printing of the grid on solar cells, (battaght), [28].

\

Plastic
Solar Cells

Figure 14: Examples of non-conventional materiaig éechnologies
used for the production of low-cost solar cells.

4.8 Renewable Energy Education and Training

It is not just the high cost that is responsiblelw usage of solar energy devices and systemdeweloping
countries there are other limiting factors that eesponsible for their low dissemination amongsicivhthe
prominent one is the shortage of trained manpouwiethieir installation, repair and maintenance. Aladividual
users and the procurement authority in case dfutishal users often make wrong choices of devared system
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because of the lack of information and understandifi the systems and devices. This results in &atju
breakdowns and eventual failure of the devicesitgath the loss of revenue as well as the consdaitr in the
systems and devices. The Botswana story in thiardeig no different. To overcome this barrier amdbitidge the
training gap, Energy Affairs Division (EAD), Govenent of Botswana had commissioned a nationwide
consultancy on the renewable energy training prograeeded in the country. The study was under taikghe
author together with another colleague in the Rgciihe training programs recommended by the coastd are
summarized in Figure 15 [29, 30]. These can baldiin to three categories:

« Courses to upgrade the skills of existing plumtzrd electricians to NCC (National Craft Certifigate
level in solar energy technologies and then to HM®el (Higher National Diploma) in energy
technologies.

» Training programs for the new intake of studengststg at the C-certificate level and progressithghe
way up to HND.

« Courses and short modules for students in secotadharyertiary education programs, managerial tngini
for those involved in decision making for institiial procurement, user education, and public avessen
programs.

HND in Energy Modules and Courses For:
Technologies » Secondary Education

*
)

*Tertiary Programs
* Managerial Training
*Consumer Education Programs
*PublicAwareness Programs

NCC in Solar Energy

Technologies
/ T T -
Short courses in SWH Short courses in PV
for B-Cert. Plumbers for B-Cert. Electricians

B Cert.in Plumbing B Cert.in Electrical
with SWH with PV
1 I
C Cert. in Plumbing C Cert. in Electrical
with SWH with PV

Figure 15: Recommended training programs in solargy technologies for technical and managerialspenel.
4.9 Author’s Contributions to Solar Energy Researchprior to joining UB

Some of the solar energy research work undertakethd author at the University of Botswana sinc8719
formed the basis of the solar energy section aflgture. Prior to joining the University of Bo@ma, the author
had served for 7 years in India and for 4 yeaiZambia where also his main research interest laplar energy
and related areas. Because of space (time) liontati is not feasible to discuss those contrimgiand their
significance here. However for completeness sakihoa's contributions for the period 1976 to 1982 hsted
below.

« Silicon single crystal growth for solar cell by @zethod, (National Physical Laboratory (NPL), Delhi,

India: 1976 - 1978).
0 The technology was transferred to Poona Semicoadudtitd., India and received share of the
royalties, (unpublished: Industrial Research anddimment).

« Growth of directionally frozen polycrystalline sitin for solar cells, (NPL, Delhi, India).

» Fabrication and testing of Si solar cells, (NPL|HDdndia).

* Single axis, clock-work driven solar tracker, andrr@snel lens design for solar concentration (Birla
Institute of Technology and Science, Pilani, India78 - 1982) [31, 32, 33, 34].
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0 The work on solar tracker was recognized by theR8Ipirit of Enterprise Awards — 1981 [35].
» Theoretical studies of diffusion and purificatiorechanism in directionally frozen polycrystallinécgin
for solar cells, (University of Zambia, Lusaka, Zsim 1982 - 1986) [36].

5. ENERGY DEMAND, CONSUMPTION AND ECONOMIC DEVELOPMENT

Economic development is a complex process thatrdkpen a wide range of factors, for example théabiéty
and abundance of raw materials within the countrgt ability to extract them economically, accessraw
materials in the global market economically, apitib value-added-processing of raw materials, tgbit mass
produce finished consumer and luxury products gmdiances, ability to provide services that gereratvenue
or add quality to life or both, access to globatkets for the domestic products and services, ctitiyemess of
products and services in the global market etccd®emd stability, low corruption and crime ratespd
governance, and government policies also play kégy in development. However in an oversimplifieddeip
economic development can be attributed to scientifind technological development leading to indalstri
development and revenue generation opportunitidéss T turn results in growth in energy demand and
consumption. Thus energy demand and consumptiobeaaken as fair indicators of economic develogroéa
society. Our focus on economic development inldtdture, therefore, is projected in terms of actessundant
energy sources to fuel it.

5.1 Growth in Global Energy Demand

Growth in energy demand is governed by three factpopulation growth, industrial growth, and grovith
household energy consumption in industrializedett@s where people lead energy intensive luxuridestyle
with high standards of living. In recent decadesrgm efficiency and conservation initiatives haleadampacted
noticeably on the energy demand. Figure 16 [37ishworld energy consumption and the world popufatrom
1850 to 2000.

l World Energy |

M World Population
Consumption

Density 6

| | 1 | | | 1 | | | 1 |
1850 1880 1900 20 40 60 80 90—

Figure 16: Growth in world energy consumption ahd tvorld population from 1850 to 2000.

A trivial observation from the figure is that theerease in energy demand is linked to growth ipytation. But

with a careful observation infused with the basimwledge of the pattern of development of humarespc
during this period, much more interesting obseoratican be made. For this purpose we have divitefigure

into three periods as indicated by the verticabhas. We observe:
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Up to early 1900, the growth in energy demand dedgrowth in population are nearly linearly related
During this period the use of energy was limitedhi® basic needs of cooking, heating and lightigh
nonexistence of motorized transport, and almostnoterized industry, the linear relationship is ooty
obvious but rightly justified.

From 1900 to 1970s the demand in energy grew aitéhrfaster rate than the growth in population. This
is the period of rapid industrialization and fastwgth in motorized land, air and marine transportring
this period the living standards of people in irtdatized societies also improved with correspogdin
increase in domestic energy consumption.

From mid-1970s the energy demand grew at a sloaterthan the population growth. This resulted from
greater efforts towards energy conservation anddrgul energy efficiency following the oil crisis of
1972.

5.2 World Energy Consumption

It is well known that the industrialize countriestronly consume significantly much more energy tttanless
developed countries, there is also a vast disparitiie quality of energy used by the two. In thif-section we
analyze the rate of per capita energy consumpdiector wise energy consumption, and the energywhigh tell
the story of the status of development for difféemegions and countries of the world.

From Figure 17 [38] we note that the developed triesof the world with only 21% of the world poptibn
consume 60% of the world energy. In contrast te,tliie developing countries having 79% of the world
population consume only 40% of the world energyusthe average per capita energy consumption afiojeed
countries is nearly 5.6 times that of developingrddes.

Percent Population Percent Energy Use
Devel- Devel-
oping oped | Devel- Devel-
70% 1% oping oped

60%

Figure 17: 21% of the world population in develogedintries consumes 60% of the world energy ressurc

The same observation is emphasized differentlyigureé 18 which shows per capita energy consumpzaainst
per capita GDP in US$ for some of the countrieghefworld. From the figure we arrive at similar clusions as

earlier, i.e.:

Highly industrialized countries of the world likdhet USA have a very high per capita GDP and
correspondingly these countries have very highcpeita energy consumption. These countries li@én t
upper right corner of the figure.

The developing and less developed countries fomel@ most countries of Africa lie in the lower left
corner of the figure. These countries have very losv capita GDP and their per capita energy
consumption is also very low.

The center area of the figure is populated by a@esmtwith medium per capita GDP and medium per
capita energy consumption.
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In general, there is a direct relationship betweencapita GDP and per capita energy consumptiagh ehergy
consumption points to high level of industrialipatiwhich in turn means more income generating dppiiies.
With more income at the disposal of consumers, tiagyafford better lifestyle leading to more dorizeshergy
consumption to support luxury lifestyle. Just tippasite is true in the case of less developed ciesnt

Energy Consumption vs. GDP
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Figure 18: Per capita energy consumption of a coyig directly related to its per capita GDP.

Similar disparity is displayed by the rate of camgtion of the total energy, and the rates of corgion various
forms of energy sources by different regions of weld. These are shown in Figures 19 to 23 (Datattie

graphs are taken from online resources: [38]).

Figure 19 shows per capita total energy consumgtowarious parts of the world, represented by&ugs of
bar charts. These are the world; some regions efwbrld (Group 1); developed and developing grofip o
countries (Group 2); high, middle and low incomeirtvies (Group 3), and lastly Botswana. The chearty
shows high to very high rate of energy consumptigrihe developed countries and the high income tci@sn
and low energy consumption rate is recorded fordéageloping, and middle and low income countrigartihg
from this to the next four figures, | would likeetlmeaders (audience) to keep their attention fatosethe bar
charts for the high, middle and low income coust(@roup 3) and Botswana.
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Figure 19: Per capita total energy consumption @&pfor select regions/ group of countries.
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Figure (20) shows per capita residential energyseomtion, Figure (21) shows per capita electricity
consumption, Figure (22) shows per capita petraisomption, and Figure (23) shows per capita diesel
consumption for the same regions of the world &edseme groups of countries as in Figure (19).
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Figure 20: Per capita residential energy consumiptflegoe) for select regions/ group of countries.
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Figure 21: Per capita electricity consumption (k\Wx) select regions/ group of countries.
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Per Capita Petrol Consumption (Liters)
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Figure 22: Per capita petrol consumption (litersy Belect regions/ group of countries.

Per Capita Diesel Consumption (Liters)
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Figure 23: Per capita diesel consumption (liters) $elect regions/ group of countries.

Interestingly all the charts from Figure 19 to 28pthy identical patterns of energy consumptiont Bwre
interesting is the observation that per capita gonion for Botswana in all the five Figures mimicsddle
income countries as we also know from the econataka of the world. Thus, from the analysis of egerg
consumption pattern one can fairly accurately ast®s economic status of a country even thoughneed not
have knowledge of and expertise in the field ofwleeld economy.
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5.3 Primary Energy Mix

An important aspect of energy use is the contrdvutf various sources of energy to the total enaugyply,
termed a$rimary Energy MixThis is shown in Figure 24 [38] as percentageb®total energy supply for some
of the regions of the world. From the Figure weenibiat the developing countries, for example thentries of
Africa, rely heavily of wood fuel, a low grade soerof energy. Over 40% of total energy in Africasigoplied
from wood fuel, whereas wood fuel contributes oalyout 3% of total energy in North America. In North
America largest source of energy used is oil whichka high grade commercial source. In Botswana wood
contributes about 30% of total energy. This oncairagonfirms middle income, developing country s$abf
Botswana. Théother” source of energy in case of Botswana represemgsried electricity mainly from South

Africa which is about 12% of the total primary egyesupply.
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Figure 24: Primary energy mix for select regionsdgp of countries.

5.4 Sector-wise Energy Use

Sector-wise energy usage as percentage of theaiogay consumption (Figure 25 [38]) is an indicaibthe
level of the industrial and commercial developmehtn country and the level of the standard of bviof its
people. In developing countries a large fractiorenérgy is used by the residential sector for thsicbneed of
cooking, lighting and heating, whereas in developedntries the industrial and the transport sectwesthe
largest consumers of energy. This scenario is fgigtdd by Sub-Saharan Africa where the total energy
consumption itself being very low, most of the gyeis used by the residential sector and only & senall
fraction is consumed by the industrial and thedpant sectors. This shows that both these sed¢h@$ndustry as
well as the transport, are not well developed i Saharan Africa. Here one point is to be noteéfady: a
large fraction of energy being used by the residesector in Sub-Saharan Africa does by no meagannthat
their standard of living is very high. This mustdmnsidered together with the primary energy mixvalf as the
total energy consumption. Firstly, in Sub-SahardricA most of the energy is supplied by wood fudiich is
used by the domestic sector for cooking and heategondly, a large fraction of significantly srealtotal
energy consumption by the domestic sector trarsstata very small energy use by the domestic sector
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Sector wise Energy Use
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Figure 25: Sector wise energy use for select regfignoup of countries.

5.5 Energy Intensity

Energy intensity determines how effectively andcéghtly the energy is used. It is defined as thergy used to
generate one unit of GDP in products and servigssentially energy intensity is thHEconomic Efficiency” of
energy use. Different sectors of the economy narralystry, agriculture, transport and service sactwave
different energy intensities. The service sectaregally should have a low energy intensity, wher@asnergy
intensive industry such as metallurgical industmglshave a high energy intensity. Old, less eneasfficient
machines or inefficient workforce would result ifgler energy intensity than normally expected. &fwe,
energy intensity audit of a sector is an imporexgrcise to ensure most efficient use of energycamimitted
and able workforce. It is not always necessary lthaer energy intensity means the best case seerdarsome
cases it is the higher energy intensity that pointsbetter performance of the sector. For examplehie
agriculture sector, subsistence farming, where motoerized machines are used, would have very logrggn
intensity but it would involve a large workforce pooduce food for the country. Thus, subsistencmifeg is
labour intensive and the output is low. Howeverchamized, commercial farming has high energy intgns
involves less workforce and the yield is much higheéommercial farming also frees the workforce from
agriculture to participate in industrial developmethus, even though commercial farming has higargn
intensity, it is the most desirable way of fooddurction to feed the masses in an industrializeddvor

Figure 26 [38] shows overall energy intensity aingoof the regions of the world for 1990, 2000, 2663. From
the figure we can make some interesting observatiaut the'Energy — usage - healthdf the overall economy
of these regions without going into finer detailte individual sectors. We observe:
« Overall energy intensity across the world has impdoover the period from 1990 to 2003. This is the
result of energy conservation and improved eneffigi@ncy initiatives.
« Low income countries have the worst energy intgnstiereas the high income countries use the least
amount of energy to generate the same amount of GDP
e Sub-Saharan Africa is the worst case scenario widremely large amount of energy is consumed to
produce every US$ worth of products and servichss @ould be due to a number of limiting factors, f
example the use of old and less fuel efficient nrehand vehicles, and deployment of less skilled o
less committed work force etc.
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Overall Energy Intensity:1990 - 2003
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Figure 26: Overall energy intensity for select regs/ group of countries for 1990, 2000 and 2003

5.6 Energy Supply and Use in Botswana

Having discussed the world energy demand, supplycansumption at length, it is appropriate thatomeclude
this section with a brief insight into the energgmario in Botswana. This is a vast topic in itsafranting a full
length lecture. In view of the space and time liiitn, we restrict ourselves to some salient festorf the energy

sector in Botswana as follows.

Botswana is an importer of 100% of refined oil proi from South Africa.

Botswana holds vast coal reserves.

Over 75% of electricity consumed in the countnyingorted from the neighbouring countries. The
Republic of South Africa supplies over 90% of theported electricity.

Locally produced coal is used for local electrigigneration.

Energy distribution and transmission infrastructusge underdeveloped. Nearly 40% of the total
population in remote rural areas have no or limaedess to electricity and oil products. Wood fsel
the main source of energy for remote and rural [adioun.

Wood-fuel contributes over 35% to the total enexggsumption.

Renewable energy contributes less than 1% to tiaé eoergy supply although Botswana is endowed
with excellent solar conditions. Another untappedrse of renewable energy is the cattle dung in a
country with cattle population nearly twice the rampopulation. The wind energy potential is very
little.

The flow chart in Figure 27 [39] shows energy sydpl sources and their use in Botswana.
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Figure 27: Energy supply and use in Botswana

6. ENVIRONMENTAL IMPACT OF ENERGY USE

At present 80% of the world energy is supplied dssfl fuels and 10% by biomass. Their productiagstrithution
and combustion leads to the degradation of our spiimere, land and water bodies. Once again, degraddtthe
environment from energy use is too vast a topibe@resented here in fair detail. We highlight asdyne basic
facts about the environmental impact of energyfaseompleteness sake.

» Atmospheric pollution results mainly from the coratian of fuels which adds to the atmosphere:

0 Greenhouse gases (GHG): About 68% of GHG are engrggrated. These include:
= Carbon dioxide

= Carbon monoxide
= Oxides of nitrogen
= Methane.

0 Non-GHG emissions include:
= Oxides of sulfur
= Lead and mercury

o0 Particulate and volatile matter, namely:
= Suspended particles
= Volatile organic compounds.

« Energy generated water pollution includes:
0 Acid rain: In some towns in China acid rain is ®veye that the bus stop signs have to be
changed every few years because of their corrdsiahe acid rain.

o Pollution of oceans results from fuel leakage frships, spillage from oil tankers, marine
accidents, and off-shore drilling.

o Pollution of surface and ground water.
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Land degradation from energy use is seen in the fr

o Deforestation.

o Desertification.

0 Leaching of soil from acid rain.

o Disposal of waste generated from the energy prastuatistribution and use.
Radioactive pollution: This is the most hazardoosnf of pollution with long lasting damage to our
environment. It is caused from accidents in thdearcpower plants for example the Chernobyl acdiden
of 1986, and from the byproducts and the wasteymed by the nuclear industry.

Figure 28 shows some examples of air, land andrvwidgigradation. It is not uncommon to see heavilpling
vehicles such as the one shown in the lower lefieoof the Figure on the roads in Botswana.

Figure 28: Examples of environmental degradatiamnfrenergy production, distribution and use.

7. ENERGY INDICATORS OF DEVELOPMENT

Having discussed at length the world energy demsumglply and consumption in relation to developnveaitcan
now identify the following'Energy Indicators of Development”.

Social and cultural development of a society ldadacreased energy consumption.

Growth in population as well as industrial devel@nmtresults in increased energy demand.

To support industrial growth more commercial enesgyrces are needed and the infrastructure for thei
distribution must be expanded.

Affluent societies consume more energy from comimésources to support their luxury life style.

Usage of large quantity of traditional energy sesrindicates that a large proportion of the pojrats
underdeveloped living in remote and rural areab ait underdeveloped and inadequate infrastruocture f
the production and distribution of commercial elyesgurces.

Demographic shift from rural to urban populatiosuks in greater demand for energy and the demand
shifts from traditional to commercial energy sosice

Energy intensity shows how efficiently the energydeployed in various sectors of the economy, and
how successful are the energy conservation andesftiy initiatives.

Increased consumption of fossil fuels leads to dased environmental degradation. Appropriate
measures must be put in place to minimize theiramk to maximize environmental protection while
sustaining development.
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8. ENERGY SECURITY AND SUSTAINABILITY

At present the world energy consumption comprisé%o Jelectricity, 44% low temperature heat, 10% high
temperature industrial heat and 29% transport fuglere is a very large disparity in total energpsumption
amongst the countries of the world. A major prdipor of the total world energy (over 75%) is usedthe
developed countries, whereas the developing andrdadeloped countries are hard hit by energy pgvatiout

2 billion people worldwide have no access to enaggyices and another 2 billion have inadequateuangliable
energy services. All these people live in develgmountries. As developing countries embark on ldgweent,
their energy demand shall grow at a faster rata that of the developed countries and most of #rmahd
should be supplied from the commercial energy smirEigure 29 [40] shows four scenarios of enemgyahd
up to 2100 for various combinations of assumptiomsmely: Rate of population and industrial growth,
Technological development, Resource availabilibg pressure from the Environmental concerns.
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Figure 29: Projected world energy demand to yea®d@for four different growth and development scesar

From the Figure we make the following obvious obatons:
» The energy demand shall continue to grow, albedifgrent rates for different growth scenarios.
* Fossil fuels shall continue to play an importamé ia the world primary energy mix.
» The contribution of renewable energy sources atlthigogies shall also grow.

Considering these factors, all the countries wdllsdn to meet the increasing demand of energy withixaof

sources that may not be available within their boschs is the case even now. This could not omgathn the
energy security of the developing countries bub alsthe developed ones. Under these circumstanesannot
talk of self-sufficiency in energy, rather energcusrity and sustainability are the guiding factatthich of the
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new sources and technologies shall provide a lshgee of future energy demand shall differ fromrtouto
country and from region to region. This is best sarized in the following statement:

“No single solution can meet our Society’s futemergy needs. The answer lies instead in a fanfily o
diverse energy technologies... that share the comtime@ad. They do not deplete our resources or
destroy our environment”. --- The Union of Concerned ScientistsAUS

8.1 Possible Threats to Energy Security

Some common threats to energy security include:
« Political instability and conflict in regions whengajor energy sources: oil, gas and coal are cdrated.
» Use of energy as a weapon of negotiation by thdumers.
* Use of energy as a weapon of war and to deployamnjlimight to secure energy supply.
» Natural calamities affecting energy production andply.
« Break down in energy production and supply chain.
» Inadequate investment in energy production andiloigton sectors by producers and distributors.
e Terrorism targeting energy production and suppbiae
* Market volatility.

In order to counter these threats and to attainggreecurity and sustainability, countries must:

* Increase domestic production and rely as much asilde on indigenous sources to minimize energy
import.

» Diversify energy mix so as not to depend heavilyaog one source.

* As per the IEA (International Energy Agency) recoemaation and guideline, hold reserves of imports
equivalent to 90 days consumption in the previcesryln case of disruption of 7% or more in supply,
share reserves with IEA member states.

» Strong regional cooperation in energy must be fibtbeough trade treaties and infrastructure linkage

« Energy conservation and efficiency must be contipimproved to make that last drop go an extraemil

Since fossil fuels shall continue to dominate thergy scenario for the foreseeable future, thetegrare bound
to soar with increasing demand and depleting reserin order to arrest the runaway cost of enetgg i
becoming more pertinent now than ever that:

« Oil reserves which were uneconomic to mine shalbbee economically viable and shall be opened.

e Will have to go deeper, farther, and to more rentmtations in search of new reserves.

« Less used unconventional sources like peat, tdnt siands and shale shall have to be exploiteg full

Figure 30: With depleting resources and increaditlegnand, the future of
fossil fuel driven economy could look like thisot too distant a future.

If we do not act wisely locally while thinking glaly now, our only possible mode of transport, éxample,
could be expected to be like the one shown in Ei@drin not too distant a future.
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In conclusion, energy is a very complex multi-digiciary field, like a 3-D jig-saw puzzle (Figure #1]). In this
presentation, we could have a glimpse of only apéxees of the puzzle that revealed only a tinyobi# corner
of the larger picture. A large many pieces of thezte remain hidden from the view. It is hoped tivagatever
little justice we could do to such a vast topicdhis lecture will inspire our audience and readerfathom the
vast ocean of energt their own pace out of interest and curiosity.

The energy puzzle

Figure 31: Energy issues are a 3-D complex jig-gaazle.
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