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ABSTRACT

With the recentturn of events globally, there has been an increasing awareness to drive the earth through
sustainable energy means with renewable resourdém use of conventional fossil fuel used for centuries

not only has adverse effects but are also fast depletirgibirth to other natural and cleaner alternative
power production means for high energy consumption building industry se¢té¢.S & { dzy YR 2 Ay R¢§
by far been proven as the most natural, free and abundant resources on the earth. Also they have
received tremendous attention in the recent time as large fractions of these recourses are available at
peak power/electrical load production. One of the most important aspects of using Sun (Solar PV) and the
Wind turbines (WT)energy resources as an integrategstem is that they share most of its components,
backup systems and infrastructure to produce poweradvantageoutechnically and economically in this
research processThe dissertation aims ag¢xploring the benefits and future potentialof using this
integrated (solar PV and win@/T) system in relation to the power loads requirefithe householdunits

in the UAE, Dubdiom varied and opposite weathemnd timeconditions i.e. sunny and windy conditions.

The research is thus split intavo modes of stugt which are technical and economical

Thecomputer basegimulation methodology proved to be instrumental in the design and modeling of the
householdto analyzethe potential2 ¥ LK 2 G2 @2t GF A 0Q&a 0t Qa0 |yR 6AYyR (o
balance of sstem componentsA step by step progression of the various identified case configuration
withthedzd S 2F t +Qa&a TFANRGE 2¢Q&a aSO2yR YR FAylLffte GKSA
grid connected and standalone renewable energy resourcesthaidoundation of the results evolved as

technically and economically optimized via the simulation methodalogy

The technical results evaluated that 25% all case configuratiopn KS Ay RA @A RdzI £ t +Q&a | yR
suitable to the household due tché low expected power demand frothe renewable resources. But

beyondthe 25% all case configuratiptihe HYPW system of renewable energy proved as a better solution

Ay O2YLI NR&azy (2 GKS AYRAQGARdzZfa 27F t a6potdnialR 2 ¢ Qa
The optimized results were a good combination of hybridization of HYPW with their respective
O2yNROGdziA2Yy 2F &2ftFNJ YR 6AYR SySNHe& SFFTAOASYOAS
maintaining a constant supportive contributidsy the electrical produgon of 1,638kWh/yr respectively

for all the 50%, 75%, 100% grid connected and standalone renewable energy resocmses
configurations. There wasduction in the requirement of PV panels in the case of HYPW configuration
from2kWtomdn 12 t+ LI ySta opmr: OFaSoz ponl2 NBRAzOSR G2
t+Qa&8 omnE: YR {GFyRFEf2yS OFraSu KeoNARAT SR gAGK wm]
from a correctlyevaluated size of the batteries and inverteegpacities.

The economicsvashbased on the net present cost (NPC) over the projects 15 years lifétimelationto

the technical optimizationSimilarto the technical result exceptll all 50% case, the HYPW systeras

more cost effective as compargdthe of KSNJ (62 t +Q& I y R TAednididnal 2506RuAdd A R dzi §
pr: NBySslotsS SySNHe INAR O2yySOGSR Ittt OFras O2yTFA
system. This was essentially due to the lesser operating cost with minimal use of nafrimnponents

involved inelectrical productiorfor household. However the HYPW systermseconomicafor 75%, 100%

grid connected and standalone case configuratioftsis was due teeduction in the number of PV panels

in the HYPW system leading to lesitial capital cost, with the balance electrical production taken care

by the 1 number 1kW Wbeing comparatively cheaper thanumber oft + Qa NX |j dzA NIB&R 2 (G K S NJ
reduced umber of component$ed to lowering of the operating cost of the replacemeratisd O&M costs

in the HYPWystem Finallythe HYPW integrated system proved toteehnicallybetter and economically

O2al STFFSOGAGS (KFy GKS AyadlrfttraArzy 2F t+xQa 2NJ 2«
productionfor the householdfrom renewable energy resources with less dependence on the fossil fuel

based local grid connection.
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CHAPTER 1: INTRODUCTION



1.1GLOBAL SCENARIO

Humans have existed on ear#tnd its climatic conditions fatenturies and relatively cexisted using its

natural resources as a part of the espstem successfullyy adaptation for decadesBut the changing

global climatic conditions and its warming has been the most controversial topic since decades and if not
now then surely down just few yeanequire at mostattention. Many claims have been made by various
organizations and international governing bodafsts potential effects and occurrences which are caused

by human activities and behavioral pattern agréteental to future generation if we need to survive for
further centuries to come by. Although one can decide to neglect them as information used for vested
interest, but for sure the changes that we all have noted such as average rise in temperatrgasimg

sea levels, melting ice caps and series of events like tsunami, earthquakes, wild fires, heat waves cannot
be neglected.The debate on the climate changes was carried to the Kyoto Protocol in 1997 by various
governments and targets were set to rechl the greenhouse emission emitted by human activities
resulting from industrializationThoughvery few results were met till again in 2018e Copenhagen
Climate Council initiated a serious concern arising due to the rise in temperaturéCbylfereby iwas

agreed by the various governments to reduce the green house emibgi80% till 2005 (baseline the year
Mdpn 2N Y2NB NBOSyld &eSIFENARO® .dzi AG Fff &4 NISR A0
fuel was instigated a massive boom imdustrialization. Since then the use of fossil fuels for power
consumption resulting in CO2 emission have been increasing substantially as shown in Figure 1.1
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Figurel.1l: World Bank CO2 emissions in metric tons (World Bank, 2011)

Alsothere are statistics indicating that if we continue to emit greenhouse gasssichfast pacewhich
has already reached 490ppitien there is no point of return as the equilibrium global average
temperature shall also follow similar rise as per FigureZlwhich could have adversend catastrophic
effect.
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Figurel.2: IPCC Special Report on Renewable resources and Climate Change (IPCC, 2011)
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Though fossil fuels such as gas, oil, coal etc have been the back bone of fast civilization growth and
improvemert in lifestyle,howeverthey are also natural resources and there is a limitation to its sources as
always. So here by we have 2 challenges which is the resource depletion of fossil fuels and the hazardous
effects which emit green house gases harmful te #imosphere. Thus now it is imperative that we need

to divert our attention to resources which can produce clean energy and can negate the problems created
by the usage of fossil fuels to add value to the global climatic movement to secure our futlizatvi.

Such mitigation is required to bring back a balance inet@system which has been disturbed by mankind

in the recent years. In response the increase in the use of renewable energy has been tremendous in the
recent years with solar and wind beginone of themost researcheddue its conversion of infinite
availability in energy sector and the relative absence of harmful emissibimss Figure 1.3 clearly
indicates the world energy consumption graghpending on renewable energies with solar amithd as

front runners.
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Figurel.3: Changes in world energy system consumption by source matriget(&@lyi2010)

It is interesting to know that if the Solar/PV energy is convertedléatricity at a efficiency of 10% (much

f Saa | a O2YLJ N®eRial inadulg) théhladm@ra 0.70@of the world desert area would be
required to generate the total 2005 world electricity consumption of about 18,500TWh (Harvey, 2010).
Similarly the world wind energy market grew by about 23.5%/year from 2988, while he installed
capacity grew at an average rate of 24.9% reaching 4267GW by Badzey{ 2010). Thus one can only
imagine the great potential of these renewable energy resources and its hybridizido why it has
reached enormous research and developrnareas.The building sector is known to have higher energy
consumption and also potential for energy efficiency in various components and areas related to
buildings. It has a very high resource consumption graph right its design, execution, maintendnce an
operation phaseFigure 1.4 illustrates the building electrical energy consumption has increased almost 3
folds since 873 till 2008.
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Figurel.4: Building Energy Consumption by Sector (IEA Key Statistics Report, 2010)
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Also as pethe US Department dEnergy published in the Building Energy Data Book buildings consume
almost 40% of all energy use and total electrical consumption of 74% at various stages (US Department of
Energy, 2009). Most of the energy is used in lighting, heating, ventilation, gaolith dehumidification as

it accounts for about third of the primary use in OECD countfiiable 1.lillustrates that US leads in the

world with total primary consumption overall and a@mparisonthe Middle East accounts for only 5% of

that amount. But his if one compares to the per capita basis then the United Arab Emirates and Qatar
shall lead way ahead of the US and other Arab Worlds as the Middle East has the highest annual growth
rate of any of the other African region8vprld Bank, 201) as perFigure. 15. All this has been due to

rapid growth and expansion that has been witnessed till 2008 due the heavy construction activity in the
Middle East and especially in Dubai. Thus it is time that not only UAE but all nations take a note of this
grave problem which mankind faces due to lack mfoper monitoring, design approaches, construction
methods and processed the building industryvhich has put a heavy burden on the built environment by
means of renewable, sustainable design and resources here afte

Table 1.1: World Primary Energy ConsumptiBi\(nternational Energy Outlook, 2010)

World marketed energy consumption by country grouping, 2007-2035 (quadrillion Btu)

Average annual
percent change,

Region 2007 2015 2020 2025 2030 2035 2007-2035
OEBD! o w sarvommmss wiaransisaarers 245.7 246.0 254.2 263.2 271.4 280.7 0.5
North AMEHCA .« i v s o6 123.7 124.3 129.4 134.9 140.2 146.3 0.6
EUrOP6 <o o sxavassiss s wvswnins s 82.3 82.0 83.0 85.0 86.5 88.2 0.2
ASiBhrsisn s s s araes o 39.7 39.7 41.8 43.3 44.8 46.3 0.5
NON"OECD ; visavsnsiinmsaes 249.5 297.5 336.3 375.5 415.2 458.0 2.2
Europe and Eurasia.......... 51.5 52.4 54.2 56.2 57.8 60.2 0.6
ASI s o sn vEan v e 127:1 159.3 187.8 217.0 246.9 277.3 2.8
Middle'East . vz o5 5 seines o 251 32.9 36.5 39.1 41.8 45.7 2.2
L T T T 17.8 20.8 225 24.6 26.5 29.0 1.8
Central and South America . . . . 28.0 32.1 35.5 38.7 42.2 45.7 1.8
TOralWOrld:. ;v samsionen 495.2 543.5 590.5 638.7 686.5 738.7 14

OFor consistency, OECD includes all members of the organization as of March 1, 2010, throughout all the time series included in this
report. Chile became a member on May 7, 2010, but its membership is not reflected in IEO2010.

U.S. Energy Information Administration / International Energy Outlook 2010
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Figurel.5: World Bank CO2 Energy use per capita (World Bank, 2011)



1.2BUILDINGS INDUSTRY AND ENERREGAXTION

At first mankind adapted to climatic conditions, but as technology advanced gtasted desigring
buildings to adapt taclimatic conditionsThis evolution lead tahe criteria of form, function and space
which designers used as keys to design adaptable builsvhgh was followed by the boom of fossil fuel

and the era of mega industrializatioihe fast industrializationbrought aboutthe important topic of
climate changeswarming and research in it Most of the early publications have been essentials
categoried in three main groups. Firstly issues leading to human thermal comfort which utilize passive
design techniques to formulate buildingsurther moreemphasis on solar access, daylight penetration
and passive heating ways by solar energlyirdly the major change in city climatology due to heavy
urbanization and its effects. Most research followed more or less similar backgr@Okedg, 2010)Slowly

but surely results raised concern over supply difficulties, depleting energy resources, conservation and a
cap to energy utilization on building energy deman@$ass introduction to building industiyasa good
solution to daylight penetration it it is not a very good material for controlling thermal exchange due to

its comparative poor insulation propertie$he global energy contribution from buildings towards energy
consumption has increased exponentially from 20% to 40% for both residential and commercial sector and
has even exceeded other major sectors such as industry and tranghdriapart from the raterial use

the Table 1.2 demonstrates population growth is also responsible for increase primary energy
consumption with a per capita value of 15.7% over the last 30 years. Electricity being one of the prime
consumers leading to a percentage incremeni8% and the efficiency in exploiting energy resources has
declined by 7% points due to the higher rate of GDP grdiatimbard et g12009.

Table 1.2: Building Energy Consumption versus Population and Annual Growth Rate (EIA, 2010)

Energy Consumption (Quad)
Region/Country 1990 2000 2008
United States 849 993 995 20.2%
China 27.0 364 851 17.3%
OECD Europe 522 768 812 16.5%
Other Non-OECD Asia 126 263 357 7.3%
Russia (1) 61.0 272 304 6.2%
Central & S. America 145 208 258 52%
Middle East 11.2 173 25.5852%
Japan 196 228 223 4.5%
India 79 135 200 4.1%
Canada 11.0 131 140 2.8%
Oth. Non-OECD Europe 241 120 132 3.3%
Africa 95 120 161 27%
South Korea 3.8 7.8 9.9 2.0%
Mexico 4.7 6.4 73 1.5%
Australia & N. Zealand 4.4 5.7 6.6 1.3%
Total World 348.4 397.4 492.6 100%

Annual Growth Rate

Population (million) 1990-2000 2000-2008
1990 2000 2008 Energy Pop. Energy Pop.
250 282 304 4.5% 1.6% 1.2% 0.0% 1.0%
1,148 1,264 1,317 19.7% 3.0% 1.0% 11.2% 0.5%
402 522 545 8.1% 3.9% 2.6% 0.7% 0.5%
781 1,014 1,142 17.0% 77% 2.6% 3.9% 1.5%
288 147 141 21% 7.7% -6.5% 1.4% -0.5%
359 422 469 7.0% 37% 1.6% 27% 1.3%
135 173 205 3.1% 4.5% 2.5% 4.9% 21%
124 127 127 1.9% 1.5% 0.3% -0.3% 0.1%
838 1,006 1,141 17.0% 55% 1.8% 5.0% 1.6%
28 31 33 0.5% 1.8% 1.1% 0.9% 0.8%
154 128 124 1.9% -6.8% -1.8% 1.2% -0.4%
631 804 970 14.5% 24% 2.4% 3.7% 2.4%
43 47 48 0.7% 7.4% 0.9% 2.9% 0.4%
85 100 110 1.6% 31% 1.6% 1.7% 1.2%
20 23 25 0.4% 2.5% 1.2% 20% 1.2%
5,287 6,089 6,701 100% 1.3% 1.4% 27% 1.2%

Building sector rangeffom commercial, residential, public, private, etc and each ita®wn rate of
consumption of electricity due to the varied time and purpose of usage. It is very difficchltolate
electricity consumption for each of the above buildisgctorsbut a broad range can badopted The
service sector such as commercial and public buildings with a wide variety uses and energy services

611 /3% R2YSadA0 K21
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while the UK service emgy accounted for around 11% in 2004 (Lombard eR@0§ In the residential
sector with the change in lifestyle of developed countries the need for indoor comfort conditions and
large expanse of per sq ft of area per person incremental brought about installation of new appliances
such as air conditioners, computers etc. In USA the aop$ion in residential sector accounted for 22&

and in the UK the figure expanded to 28%, well above the EU nations (EIA, Euro stat, BRE, 2009)



Table 1.3 andrigurel.6 estimates the HVAC consumption of domestic buildings to be around 42% to

about 50% iNUSA creating a serious concern of supply during peak load periods. While office and retalil
are the most intensive typologies accounting for 50% of the overall energy consumption with HVAC
leading followed by lighting 15% and appliances to about (BI%, Hro Stat, BRE, 2010)

Table 1.3: Energy consumption by end uses in residential sector (EIA, 2010)

Energy consumption by end uses in the residential sector

End uses in the residential sector (%) Spain UE USA UK

Space conditioning 42 68 53 62
Domestic hot water (DHW) 26 14 17 22
Lighting and appliances 32 18 30 16
50
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Figurel.6: Consumption by end uses for different building types (EIA, 2010).

Further studies and research emphasized on energy demand with variatibngding forms, orientation,

solar pattern, urban heat islands, green roofs, wind/air flow etc in urban and rural set up. The major
difference in use of material to achieve better thermal comfort conditions, passive ventilation techniques
etc without increasing energy and electricity demand is evolving. Statutory bodies, governments,
designers have now become more conscious of this phenomenon and the role the building industry has to
play in conservation of climatic conditions. More stringent codes andtagt®n practices have been in
place in most of the countries with every nation setting targets to contribute to this event.

13! 1904 {/9b! wLh

UAE (United Arab Emirates) obtained its independence in 1971 and in a very short span of 35 years was
recognized as one of the fastest growing economy due to its urbanization, infrastructure and construction
industry. The recent yeamsowitnessed a greaboom in the real estate industry sector which also led to
large pit fall due to the global economic crigBonsequently oil and natural gas consumption quadrupled

in the past twodecadesesulting high carbon emission amounting to 10 times higher thendeveloped
nations. All this grew exponentially in the recent few yeargereby previously traditional building designs
prevailed such as small window sizes to avoid heat gain, wind towers such as Badgir but as modernization
took over was replaced by mieanical ventilation and large glass panels adding to the heat gain and
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energy consumption. Vernacular architecture was dependent on high building thermal mass and natural
ventilation techniques taking wind tower directions for inlet and outlet.

Leastofdl G KS KASNI NOK& |IyR R2YAYylyOS 2F K2dzaAy3a (GKS
the Burj Khalifa mounting 838 meters flanked by all glass facade around the Business Financial District
which already started housing the 300 odd offices spaSemilarly retail sector was flanked by the largest

malls such as Dubai Mall and Emirates Mahese solely were depended on mechanical ventilation,
particularly the air conditioning, lighting etc due to the low cost of fuel consumption and peak summer
load periods in the country.

ECONOMIC
GROWTH

PRIMARY
POGP%AW?S N ENERGY ENVIRONMENTAL
CONSUMPTION POLLUTION

URBANIZATION

Figurel.7: Factors contributing to UAE high energy consumpti@azim, 2007)

Accordingly the UAE maximum crude oil capacity is estimated to be arowtd22Rillion barrels per day

and natural gas production estimate reachéHdcf/d till 2005 (Kazim, Z¥Y) Subsequently the electricity
demand has risen from 57.9TWh in 2006 to 69.2TWh in 2008 with simultaneous incremental in electricity
supply from 66.2TWh in 2006 to 77.2TWh 2008 (Dubai Chamber of Commerce based on Ministry of
E®nomic Data, 2009) Refer Figure .1Aso the installed capacity of electricity generation till the year
2009was 20,696MW. (UAE Ministry of Energy, 2010)

UAE power supply and demand

Balance 2006 2007 2008
Electricity demand (TWh) 579 62.5 69.2
Electricity supply (TWh) 66.2 ne 112
Forecasts 2009 2010 20m 2012 2013
Electricity supply (TWh) 165 80 85 92 989
Electricity demand (TWh) 678 70.8 146 792 827

Figurel.8 UAE Power Supply and DemadéEMinistry of Economic Data, 2009)

But UAE as a countryassoquick in trying to find remedial measuresith effect such as enhancing public
awareness through the Federal Environmental Agency (FEA), department of environment and protection
areas (DEPA), local municipalities and other gawernmental organizations. One of the important
additions is the $1 million Zayed International Prize aiming to promote sustainable development through
various environmental protection initiativeGvww.zayedprizeorg.ae 201). In residential sector, Dubai
Municipality has started a mandate to use insulated material to suit climatic conditions in addition to the
cap of 40% electrical energy conservation. Furthermore the use of ewrffigient lightsand device such

as windows, energy audits, A/C controllers as well as district cooling technologies (Dubai Municipality,

7
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2009) A lot of emphasis is being given to solar technologies due to the apt UAE location and climate as
renewable resources, where even oil companggh as Abu Dhabi National Oil Company (ADNOC),
ETISALAT have incorporated solar technologies in their system. Dubai Municipality has installed solar
parking meters as well as roa@ynagesn the city.

One of the majoiinitiativesis the Masdar City loted in the out skirts of Abu Dhabi is set to be the first
carbon neutral and zero waste city in the world which featuremigawatts of solar power plans, being

the largest in the region. Also recently DEWA announced the plan of commissioning of theiag p
sector power plant, privatizing 1,500 MW of the Hassyan power plant {&ws, 2010) UAE government
awarded a $20 billion contract to Korean Electric Power to build nuclear reactors, each with a capacity of
1,400 MW and free up domestic productifor export (EIA, 2011).

EtE Ay FEt Fa 19 3INBg FFHadSNIIyR | LILINE eereBiR LINR O f S
sustainable design approaches and renewable energy future is stronghaticdbesurely implemented.

1.4STUDY RATIONALE

The purpose of this study is to review the implications of integrating the two most powerful and abundant

natural resources aviable on earth such as solar and wind energy. The integration of these two
NBySégl oftS NBaz2dzNOSa GAl a2t F N t+Qa& FYR SAYR GdzNDAY!
in harnessing/producing power useful to the building industry. The studyes to be a step towards

sustainable built environment and as a cleaner alternative to conventional means of power production.

Majority of the research carried out have been more oriented towards improving and examining the
potentials of these resourceas individuals. This research aims as integrating the two to form a better

support system to the building industry with most of their common balance of system components in

spite of the varied nature and availability of these two solar and wind energyress.

Furthermore, since most research for these two renewable energy resources has been conducted by
previous studies in various countries such as UAE, Europe, North America etc, but more inclined towards
them as individuals. Predominantly such as wimdbines have been researched more often in Europe due
G2 GKS KAIK gAYR SySNHeE& LRIOGSYyuGAlt gKSNB a az2ftl Nt
but very few papers indicate an integration of the two systems. Hence the study of these &wo vi
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integrations could prove to be beneficial considering they both are available in various ratios in almost all
parts of every countries climatic condition. Mose, it is important to evaluate and question the criteria
such as:

1 Considering the unpredictedature of the two resources and weather dependenesgll they

prove to be potentially integrated successfully to smoothen the power production by overcoming

SFOK 20KSNRa ¢SIlySaa Aa G2 0S NBaSkNOKSR (SOKy
1 Will economic parameters favor the two irgeations in bridging the gap between technology and

reality needs to be evaluated?

1.5DISSERTATION OUTLINE
The dissertation is divided into six chapters essentially as follows:

Chapterl: This chapter gives an insight about the current global scenaregasis to energy and the

power sector. The growing problems of harmful levels of CO2 gaseous emission and it effects leading to

global warming with contribution from building industries conventional methods of power production
dependent on fossil fuelst KS OdzNNBy G ! 9Qa aAddz A2y FyR Ad SySN
future stances is researched progressing towards the need to use renewable energy resources as
sustainable means for future generations.

Chapter 2: A step to towards renewableezgy resources with various available forms of natural means of
power productions ranging from solar, wind, geothermal etc researched literature review. This chapter
forms the back bone of dissertation whereby previous research done to specific renewadigye
resources are studied and documented. The current stances, details and progress is discussed step by step
formulation of every renewable energy resources which specific emphasis in solar and wind energy,
backed by systems which harness this naturaiyndant energy to lead a sustainable goal towards power
production.

Chapter 3: Every research needs to adopt a specific methodology and this chapter lays emphasis on the
various research methodologies adopted for this specific dissertation topic ofdigdtion of solar and

wind energy harvesting systems. With the use of paper from various journals, papers, documentations etc.
the process of adopting an appropriate methodology is achieved.

Chapter 4: The details of the simulation model methodology ataitiel and specified in this chapter. The
various case configuration which lead to step by step progression of the dissertation and finally the
aSt SOGA2y ONRGSNAI 2F t+Q& YR 2¢Qa INB 2dzaiAFTASR

Chapter¥ ¢KS GSOKyAOIFft S@lFftdzr A2y |yR LINRINBaarzy 27
and HYPW systems are followed by results from the simulation methodology are noted and discussed. The
various questions which are formulated by the aim of thissdrtation are answered in this chapter
technically with their advantages and disadvantages of every system.

Chapter 6: The second part of this dissertation supportive to the technical results is compared to the
economic results and assessment. The pricas being the economics involved in the success and failure
of each and every renewable energy resource is validated here.

Chapter 7: A complete comparative summary and conclusion leading to further works is noted in this
chapter for both parts, techni¢@nd economic evaluation of renewable energy use.



CHAPTER 2: LITERATURE REVIEW
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2.1BACKGROUND

The potential of renewable resources is enormous and can meet the world energy demand in principle to
multiple times. Withdeveloping nations such as India, Brazil and China growing at an alarming rate, there
will be always demand for oil, gas, fuel etc, but these conventional forms of energy tend to be cynical in
nature, due to the effects of oligopoly in production and dtstion apart from facing due pressure on
numerous environmental fronts. Thus it is becoming clear that the future of economic and policy making
lies greatly in the new regime of renewable to sustain longer terms of progress, security and stability. This
is further elaborated with different renewable energy forms in the building sector and research literature
on two of most fast growing and renowned natural resources.

2.2 RENEWABLE FORMS OF ENERGY PRODUCTION

Numerous renewable resources such as biomassrdpaiver, geothermal, wind and solar can provide
sustainable energy services in abundance due to the free availability of the main source. The mindset of
consumers is looking into the other means of obtaining energy such as heating, cooking, steam generatio
and power generation for the movement and further for electricity production. Earth is general has great
potential in its formation with its ecgystem and surrounding atmosphere such as its isolation of the sun
and geothermal energy of the earth.

Wind
Nuclear 2.8% T pr:wer ion 0.7%

] -

il \ Biofuels 0.6%

Biomass/solar/geothermal
hot water/heating 1.4%

Nuclear
13%

Hydropower
___ Renewables 15%

19%

Hydropower 3.2%

Traditional biomass 13%
Other

Renewables
(non-hydro)
3%

—

ST
Shie YO

Figure: 2.1: Global Share of Final Energy and Electricity Consumption from Renewable Sources (REN21,
2010 Report)

The current worlds total energy current supply is around 19% with traditional biomass accounting for
almost 13% due to the developing countrgsch as Africa, Asia, Latin America using mostly fuel woods for
cooking, heating etc. But when it comes to electricity generation large hydropower is dominant with a
large scale of almost 15% which is due to the huge dams, reservoirs in most of the éevetamtries

leaving with only 3% for other non hydro resources. Thus as an alternative to custom, on site construction
of centralized power plants, renewable system based on PV arrays, small hydro, wind mills, biomass can
be mass produced with energy afices capable of being manufactured at low cost and tailored to meet
specific needs of the service industry to match specific energy loads. Though existing power capacity
worldwide has reached 1,230 GW in 2009, the renewable energy comprises only Ybalf miaver
generating capacity and supplies 18% of the global electricity production (REN21, 2010)

But apart from actual renewable resources there are various researches currently ongoing to reduce
electricity loads such as passive ventilation design tepies, facade technologies to control solar gain

and losses, energy efficient lighting system, indoor air quality and controls, energy audits, energy
measurement gadgets, renewable use of wood (FSC certifications), water usage efficiency etc. Thus not in
the field of actual usage of renewable resources, there are measures taken to control building industry by
proper construction techniques, testing and commissioning and finally enlightenment of the occupant
behaviors is important for success.
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2.3 ALTERNATEEREWABLE ENERGY RESOURCES

In the below sub section we investigate the potential of alternative renewable resources which have their
due share in the world energy and electricity generation market such as biomass, geothermal,
hydroelectric and ocean. Anchéilly an indepth literature review on the solar and wind energy resource
which is the main topic of research for the author

2.3.1 Biomass Energy

Biomass energy is the conversion of the organic material originating from plants including algae and trees
andONR LJA ¢A0GK GKS O02ttSOGA2y FTyR &ad2N)r3S 2F adz/Qa
energy such as heat, electricity and liquid fuels which has been used by civilization since cave man where
he used wood and other organic products to keép tave warm and cook food. Energy is extracted from
biomass such as woods, paper, dung, straw, sugarcane, domestic refuse, commercial waste, grass,
vegetable oils, ethanol etc in the form of heat when it is burned. Hoogwijk et al, 2003 have identified
sewen categories of biomass as follows such as agricultural land conversion to yields, degraded land which

is suitable for reforestation, agricultural residue, forestry residue, animal manure, organic waste and
finally biomaterials. Figure 2.2 gives an estienaf traditional biomass usage (Cooking, heating) and for
commercial energy used as part of market economy around the world.
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Figure 2.2Global biomass consumption trends, 1€8800, by (a) world region and (b) fuel type,
(Fernandes et al, 2007).

It has currently an annual primary production of 4500EJ with achirgy potential of 299EJ of which
270EJ can be considered to on sustainable basis (Herzog et al 2009). In general terms a good yield in
Northern Europe would be around 200GJ and would bddefit to heat 23 houses annually given a floor

area of between 6A00m2. There are various technologies for conversion of biomass energy carriers
namely electricity, liquid fuels which can be used for households, community and industrial scale.
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Dired combustion is a very common technique used in colder countries such as Scandinavian, Austria and
Eastern Europe with techniques such as domestic fired heating system which are automated and use
standardized fuel such as pellets and has a heating efficidrmyer 70% with greatly reduced harmful
emissions. For electricity generation the ste&ankine technology is used in commercial, industrial sector
with a capacity of from -bOMWe where heat from steam turbine is recovered using combined heat,
power sysem which provides greater energy services with an overall efficiency of greater than 80%
(Herzog et al 2009).

Gasification is produced with high temperature thermo chemical process of the biomass and one such
interesting technology is the integrated gasiftion combined cycle (IGCC) with a combined heat and
power generation in the range of-@MWe. Several countries such as UK, ltaly, Brazil are trying to
contribute and in Sweden the very first completed biomass fueled (IGCC) has been operated over 1500
hours on forest residue generating 6MW of electricity and 9MW of heat for the local district system
(Herzog et al, 2009). Also the US.NREL is funding smalbWwier projects whereby it can provide power in

the range of 5SK\A6MW that are fuel flexible andrsiple to operate (NREL, 2009).

Other forms include anaerobic digestion from biomass through low temperature biological process which
commonly named as Biogas whereby methane is produced through digesters or in landfills. India and
China lead in this sector of small scale digesters. Kdsid biofuels are successful where immediate
energy form can be obtained from biomass. This has real potential to replace petroleum based fuels used
in transportation. Ethanol production can be combined with efficient electricity production from lignin
with an efficiency of 70% (low heating value). Thus the scope biomass is huge and can be endless as
technology advances and a in the building industry can be explored from large scale to small scale
depending on the land availability and the surroundir§se Figure 2.3 for bilnelled combined heat and

power project used in BedZED by Arup architects.
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Figure 2.3: Bi#-uelled combined heat and power at BedZED housing project in UK by Arup (Arup Journal
2003)

2.3.2 Geothermal Energy

Geothermal energy is thnatural heat within the earth due to the ancient heat storage in the Earth core,
along with the decay of radioactive elements which occur naturally in all rocks and friction from the
continental plates which slide beneath each other. Again this form dat®wvn centuries back where

LS2LX § KI @S dzaSR GKAa KSEHG Ay F2N¥ 2F K20 &aLINRy3Ias

allow this earths heat energy to be converted to electricity by drilling into hydrothermal reservoirs, which
pipe the hot vater or steam to the living surface which can be used for space heating, aquaculture and
industrial processes. Researchers claim that only 1% of the heat containment in just the uppermost 10km
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practice it is seldom concentrated and depths sometimes are greater to be exploited for commercial and
economical purpose due to its uneven nature. The total installed capacity is growing at a rate of 12.33%
with current status at 2009 estimation of 50,583MWt, with a 78.9% increase in comparison to 2005 (Lund
et al, 2011 & World Geothermal Congress, 2010). Countries such a USA, China, Sweden, Norway and
Germany alone are holding almost 60% of the world instatiggacity. This has been solely due to the
increased awareness and popularity of ground source heat pumps (GSHP) used directly as geothermal
energy source. Figure 2.4 illustrates the capacity and usage of geothermal heat pumps to account for
almost 69.7% ath49% respectively in relation to other geectors.
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Figure 2.4: Geothermal direct application worldwide of total installed capacity and total energy use (Lund
et al, 2011 &World Geothermal Congress, 2010)

Geothermal heat extraction can be classifieg\mrious methods ranging from borehole heat exchanger
using heat pumps from ground as well as aquifers/ponds with the help of loop pipes depending on the
temperature of the ground, hydrothermal for electricity production from high pressure steam fields an
similarly dry hot rock beds depending on availability etc. Also various studies have been conducted for
earth-air heat exchanger (EAHE) for passive ventilation techniques usingdgtemperature source
whereby Maerefat, et al 2010) used a combinatiohsmlar chimney and EAHE to cool a building modeled

by buried pipes and reading of the ground temperature in rationale to the length and width of the loop
pipes in the ground. Similar technology can be derived by forming a loop in aquifers or ponds as open
water loop or surface water loop to maintain thermal temperature in buildings to avoid heavy energy
loads consumed by conventional cooling methods.

borehole- hydrothermal Hot-Dry Rock
heat exchangers systems -

heat extraction

heal extraction water circulation
from thermal through stmulated
groundwater fractured rock

>220°

Figure 2.5: Geothermal heat extraction technologies (Geothermal Explorer Ltd, 2004)
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Four main technologie have been used to generate large capacity of electricity from geothermal source
depending on nature of resource mainly, dry steam, single flash steam, binary cycle and double flash

steam power plant. Currently US leads the world geothermal electricipdymtion with 3,086MW

OF LI OAlGe FNBY 171 LRGGSN LIXIFIyda t20FG6SR d a¢KS DSe@ac
az OF LI OAGe B6KAOK F002dzyd G2 wmy:: 2F (GKS O2dzy iNE Q& S

Figure 2.6 The Geyser Geothermal Bowlant in California, (Calpine Corporation, website, 2010)

Hot dry rock or enhanced geothermal systems (EGS) are also explored within 10km depth of the surface
since they require enhance porosity and permeability as name suggests. It is estimated $hat & Gther
geothermal resources could provide 100GW of electricity in the US by 2050 (MIT, 2006) but countries like
France and Australia have actively pursued geothermal options more than US especially in EGS
techniques. A good example is Soultz, Frarmeected reservoir well with an active volume of 2km at a
4-5km depth has been created. But due to the high initial and O&M cost for larger production purpose this
resource is lacking behind though having enormous potential in the world market.

2.3.3 Hydrelectricity and Ocean Energy

Electricity generated by hydropower, which can be divided by river based or reservoir based including

dams etc. Most of the run of the river power is regarded dse€ with no GHC emissions but not true for

reservoir based poer as the later involves emission of CO2 emitted during cement production.
Hydropower supply of global electricity production estimates to about 15% with an addition 31GW each in

year 20082009 totaling to 980GW including 60GW of small hydro (REN21, ZDHiBR is foremost leader

in hydropower production with an estimate of 197GW followed by US, Canada, Brazil etc. This growth in

/| KAyl Aa O2y{iNROodziSR G2 G4KS G¢KNBS D2NHS& 51 Yeé Al
station at 22,500MW (Wikiped, 2011). Figure 2.7 illustrates the world hydroelectric generation by region

till 2008.
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Figure 2.7: World Hydr&lectric Generation by Region, (EIA, 2009)
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But there are possibilities with small hydro power generations as well and a lot depends oyptheft
turbines used ranging from low head, medium head and high hydraulic heads. The designs of the turbines
can be categorized by the propeller type such as Pelton, Francis and cross flow turbines. Depending on the
type of the turbines and the hydro scee one can yield good capacity of electricity generation right form
single household to large grid connected as shown in Table 2.1.

Table 2.1: Classification of Hydroelectric Schemes, Capacity and Main Application (Allsaintpreston.org,
2010)

Usual term Capacity Main applications
Pico-hydro few tens of Watts single household

-5 kW
Micro-hydro 5 kW - 100 kW mini-grids, small communities,

rural industries

Mini-hydro 100 kW - 1 MW mini-grids, villages, industries,
or grid connected

Small-hydro 1MW - 15 MW usually grid connected
Medium-hydro 15 MW - 100 MW grid connected

Large-hydro > 100 MW grid connected

Though largelams have become much riskier investment there is still great potential in the hydropower
G§SOKy2f23é& odzi Ad SELSOGSR 3aANRBs G | YdOK &f 26SNJ
decrease in the coming future due to much research in other enarggces for larger reservoirs or dams.

But there can be possibilities of small hydro power ranging up to 5SMW capacity as shown in Figure 2.8.

Figure 2.8: Pico hydroelectricity in Cambodia (Wikipedia, 2011)

Ocean energy can also be termed as Marine engmayér and is based on the ocean wave, tidal course,
salinity and the temperature differences. The origination lies in the principles of kinetic energy or energy
in motion of the oceanic graph. Though ocean energy is the least explored or so to say lessdnasat
compared to other resources, it definitely has potential and is growing with technology advances.
Currently no commercial use is in operation but a few countries are making effort to harness such form
also such as South Korea which completed a 1N current project in 2009 with a construction of
260MW tidal plant followed by Europe in a small capacity of 0.4MW ocean power capacity (REN21, 2010).
But the ocean thermal energy (OTEC) which uses the temperature between surface water in tropical
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regions at a depth of 1km sure has potential in ocean power. A number of research and study is carried on
OTEC where by Straatman and van Stark, 2008 proposed using floating solar pond that would create a
temperature differential which would increase the effincy of the electric generation. Yamada et al 2009

also proposed solar plate collectors to boost the surface water temperature to increase electricity output
by 50%. The OTEC can be an open cycle or closed cycle process such as Rankine Cycle omcofmbinatio
both depending on the water temperature, wave depth, etc. A few technologies for OTEC
conceptualization which could produce energy of 250MW at Energy Island designed by architect Alex
Michaelis see Figure 2.9.

How the energy islands would work
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Figure 2.9 Ocean Thermal Energy ConwarOTECYoncept at Energy Island (Alfin BlogSpot website,
2008)
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2.4 SOLAR ENERGY

2.4.1 Solar Potential

Solar energy attention is growing at a lightning speed due to the diversion towards renewable resources.
Researchers, scientist, manufacturers are investing more time and money into solar energy efficiency and
simultaneously balance its economy since tlia $s part of the universe and it cannot be disassociated
from earth which receives 11,000 times of solar radiation given its surface area. The amount of solar
radiation received by the earth globally is given in Figure 2.10 which shows the enormousfrsanhand
abundance of recourse one can gather from it with dark spots such as North America, Latin America,
Africa, Middle East, China and Australia receiving almost sum total of 18TWe.

e —— |
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The popular misconception that solar radiation is dominant in the deserts of the Middle East is false as
various countries have similar reach and can harvest better solar potential as seen from the above figure.

¢CKS LIK2(G2@2ft (hdas@eke a tongmway frm ikdinial start used in space application to
LI26SN) aliSttAiSa Ay GKS tF3S moppnQa YdzOK I GSNJ 6S7¥+
through photovoltaic effect. The market share of PV today is seen in Riglttenvith Germany leading the

way followed by US and others accounting for almost 90% of the 3705MW of installed PV capacity. This

KFra 0SSy LINBR2YAYlIyid aAaAyOS tzxQa | OGdztfte 2N} oSidi
power output rather han heat (Sullivan, 2008).
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Figure 2.11: PV Hot Spots, (IEEE Spectrum, 2007)
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2.4.2 Solar Energy Systems

Solar Energy Technologies are categorized in three basic modes such as the Flat Panel Crystalline Silicon,
Thin Film and Concentrators. They are fertlsubdivided into various categories thereon based on these
ISYyNBad o6KSNBoe @FNA2dza NBaSkNOKI RS@GSt2LSyd I yR
0t+Qav A& I LINRPOSaa 2F O2y@SNIAy3a fA3IKG MgySNBEE
semiconductors which work on the principle of photovoltaic effect or quantum mechanics. Solar panels
which are composed of number of cells to form a simple play of electrons, protons and neutrons to
generate electricity. Concentrators on the other haamlnamed are forms of concentrating solar radiation

to a point (single, multiple) to produce power from heat, steam from fluids, solar cells etc to produce
electricity.

Flat Panel PV Systems:

The most commonly used type of PV systems are the flat pahelh most common people associate
themselves with in their houses and buildings. There are two types of cells predominant in the market
namely mono crystalline (pure silicon cell wafers) and poly or muofstalline (impure form of silicon
cells). Due tatheir varied composition they emit different efficiencies during production of electricity
whereby a mono crystalline offers a cell efficiency of2P86 as compare to multi crystalline of-18%.

But they are placed in arrays and come in modules wherthéygrid formation reduces the efficiency by
2-3% respectively in addition to load power loss due to other accessories such as batteries, inverter etc.
(Montoro, 20aL0). Also since mono crystalline being pure form of silicon is more expensive due to the
avalability of raw natural resource. Vitanov et al investigated the cell efficiency by varying the emitter
thickness of the mono crystalline solar cells with porous cells in relation to the photovoltaic properties.
Lipinskiet al. investigated double poroudicen (dPS) layers formed by acid chemical etching on a top
surface of n+/p multcrystalline silicon solar cells with the aim to improve the performance of standard
screenprinted silicon solar cells, the PS layer serving as arrefidiction coating vth the efficiency of the

solar cells with this structure is about 12%. Figure 2.12 gives as clear identification of the mono versus
multi crystalline in terms of efficiency and visually where by mono crystalline silicon cells look more
uniform as comparetb shattered look of poly crystalline.

Module and Cell Efficiency

Technology

Cell efficiency

Module ’ 12-15% |
efficiency

Area Needed

per KW (for ~7m? ~8m?
modules)

Figure 2.12: Flat Panel PV Systems (MontordQ2Blodified)

As time and development advances the maltystalline form are catching up in performance with a
nominal efficiency of 15% in comparison to 17% of marystalline in commercial market with a added
advantage of being cheaper than mono crystalline. But by far the most reliable has been mono crystalline
silicon cells due to their longer production duration since years and research with almost 25 years of
performance guarantee. Another technology which is very competitive is the amorphous silicon ideally
known as the Thin Film Technology and has slowly but surely holding greater market value due to its
overall flexibility and cost.
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Thin Film Solar System

Most promising of the latest technologies and possible future of photovoltaic cells are made by deposition
of one or several thin layers of photovoltaic material on a substrate which is mostly metal or even known
as nanotechnology using thin cell layerssmtar conversion materials. Amorphous silicon-¢uystallized)

is the popular one out of all thin film technology witkllsefficiency of 57% and can be further improved

by adding double or triple junction design to afficiency of 810 %. Parida et § 2011). Since thin film

are processed by adding tiny holes to the cells, the solar transmittance can be adjusted but at the same
time the power output is reduced as the value of solar transmittance increases. This is solely due to
increase in surface aseof solar cells, give larger power output and more the gap in the cells to make it
flexible or transparent will reduce power output. But due to fragility of the material and purity they are
also more prone to degradation with a wide variety of thin filwaiable in the market such asSiC,
amorphous germanium (&8iGe), amorphous silicon nitride-&lN) and micrarystalline silicon (&i), (Cd

Te), etc. The entire above have various efficiency levels as shown in Figure 2.13.
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Figure 2.13: Solar celficiency Levels till 2010 (NREL, 2011)

Researchers have been more upfront on thin film and its advantages in relation to efficiency versus actual
output. Yang et al discussed the advancement of amorphous thin film which led to the success of an
AM13, wth cell efficiency up to almost 13% stable and set the ball rolling for the spectrum splitting triple
junction structure for manufacturers by the rdab-roll continuous deposition process. Lund et al
estimated by field and laboratory studies that celle affected by different operating conditions and
proposed numerous ways to reduce StaeBléronski effect in the Sil solar cells. Yoon et al, 2D1
conducted a practical building monitoring system for 2 years using amorphous silicon transparent thin film
cells and derived that the building azimuth and shading plays an important role in the output power
efficiency by almost 47%. But the same is true for all PV cells technology as they greatly depend on the
amount of solar radiation fall on the surface of tleells. The initial reading gave him a performance
almost half of the tested efficiency of the BIPV over the 2 year period. Further analysis lead to the fact the
azimuth and the shading factors of the building via simulation on the southwest and buildsgyghading
gave the reduction in the cells efficiency. From the simulating influencing factor such as azimuth and
shading the measured energy efficiency in tested conditions improved by 47% due to the better solar
radiation allowance on the PV modulesgiiie 2.14 illustrates the improved efficiency of the PV modules
southwest with better shading building mass leading to better solar radiation on the panels.
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Figure 2.14: Transparent Thin Film on building in Korea improved through building monitadng a
simulation. (Yoon et al, 2011

Concentrator Solar System
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energy by means of reflectors like mirrors, glass etc where by the CTC are mainly used to generate and

retain heat which is being reflected on the media such as water, fluids, air etc which in turn produce

steam to run the generators for electricity prodian. The previous CPV in general run on the same
LINARYOALX S 2F t+Q& odzi dzaS fSaa OStfta 2N adz2NFI OS [N
solar point/line focus cells. By this they consume fewer raw materials and less of installatiawlshaza

which can be systems using single or dual axial tracking enhancing performance and can be referred as
Heliostat Concentrators. The most common use of CTC is the water heaters and space heating and more
advance being aiconditioning though the princigl is the production of steam to generate electricity

directly or use fluids to heat domestic water or space heating in colder countries. Figure 2.15 illustrates

0KS / ¢/ RAAK &d2aiGSY gKAOK StAYAYlIFIGSa (K3 9$3IRy 82 I
the focal point.

Figure 2.15: A Euro Solar Thermal Concentrator using a Stirling Engine, (PRIINE2011)
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Quaschning, 200performed detailed technical and economic analyses by means of computer simulation
to differentiate nontrackedand two axis tracking PV system of the CPV and noted that the balance in
economy brings better results by adding tracking system. At IBM the technique used to cool computer
chips is also used to cool solar cells since intense heat degrades the power oltpbatcells where by a
adaption of a liquid metal cooling technique can remove thimarth of the heat generated by CPV
system, La Monica, 2008. The CPV ideally are in three categories such as the Fresnel lens which consist of
a series of concentric zes rather than curved surface and requires less material than conventional lens.
Second is the point focus plastic lens by Amonix Corporation and third one is the FLATCON with a two
junction cell which yields a module efficiency under operating conditii2886 and 36% for three junction

cells. (Harvey 2010) A new concept still under development is the quantum dot or fluorescent dye
concentrator which can work on direct and diffuse beam radiation without tracking as compared to other
It £Q& 6/ D08NRidhre 16 illistrakes different CPV in market.

CAIdzNBE HodmcY S5AFFSNBy G (eLISa 2Rurtz/ 0MNBEELCNBay St f Syas

Solar PV grew at the fastest rate from the year 2004 to 2009 especially in the gird connected w&dtd ma
with an annual average rate of 60% making it a total of some 21GW and sd@#&\V3still to be added.
Germany was the primary driver of PV installation to reduce the cost down with installation of 9.8GW to
the existing capacity leading by almost 47%2609. But the concentrated solar power are entering into

the small market with France and Italy could have an target of 200MW online by 2010 along with the UAE,
Abu Dhabi, Algeria, Egypt and Morocco plants under construction of 100MW. (REN21, 2010ui®ee Fig
2.17 for world statistics of the Solar PV capacity and countries contribution.

26
24
22
20
18
16

14
——/ Spain 16% ——3

12
10

A o d» & & H A
FES LTS F LSS

Gigawatts

ON_~OH®

Global Total = 21 GW

Figure 2.17: Solar PV Existing World Capacity by Type and Country. (REN21, 2010)

Apart from the general PV market there are other factors which govern the PV applicati buildings

such as performance, cost and integrations of the same. Though thin film PV are more adaptable to the
integrations of the building especially due its visual appeal, variety, transparency and uniformity, the
crystalline form become a littleigid in its amalgamation with building form. But all the same a perfect
balance is important in its utility, capacity, pay back, policy and application use on comparative basis.
Wiemken et al studied with monitoring mechanism the effect of 100 PV systiais reveal a
considerable decrease in power fluctuation compared to an individual system and the energy spectrum of
combined power generation and concluded that there is reduction is almost 65% in produced energy

22



output to the overall installed power. &ording to Kurtz, 2010 report to NREL the factors that will
enhance the solar market is breakthrough in the higher efficiency in comparative to the current cost
reverse graph, enhancement in the material with use of plastic wrap and PV spray on paietstiattn

use of glass, tax incentives, renewable policy improvements and more research and innovation leading
manufacturers to invest in better cost efficient material payback period. Rourke et al and research analyst
from Deutsche Bank has researched aefiesting graph as to which year electricity generation from solar

t+ g2dz R | OKASQS
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local retail electricity prices by 2015 in the US. This was purely by estinténgurrent improvement
graph in PV market to the current rate of escalation the retail electricity market in the US and that to

without government incentives.
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Figure 2.18: Achieving Grid Parity of PV and Retail Electricity Generation till ROReke, for Deutsche

Bank, 209)

2.4.3 PV Applications and Design Considerations

PV applications on buildings are greatly dependent on the exposure to solar radiation factors and hence

have to be installed on spaces to

maximum exposure such as roofdyjdie@ades, balcony railings,

external shading devices, awnings etc. From the older concept of PV application only on building roofs, the
market has emerged innovatively with increase in the PV efficiency, forms and architectural aesthetics
allowing itsintegration on various building types such as residential, schools, commercial, hospitals etc to

ISYySNIXiS SySNBHe
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the generation of electricity which includes weather potion, thermal insulation, noise control and
modulations of daylight. Figure 2.19 illustrates the various locations of PV installations on buildings with
better efficiency areas in terms of its power output.
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Figure 2.19: Application of PV on buildifiyontoro, 2010)
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Key factors which determine the application of PV on buildings is the adequate access to solar radiation

either direct or indirect and this solely depends on the location, usage and design parameters. Climatic
conditions such inclinationrgles, longitude, latitude, orientation and the urban settings are critical with

solar variation daily, seasonally movement of the sun path, azimuth etc determine the output variable of

power and the efficiency of the PV cells to it optimum are importantizi G KS 3INBF §Sad | Ry
application on buildings is its incremental capacity output of power is optimum during peak grid supplied

power duration. (Radhi, 2010) illustrated via his research in PV application on buildings in UAE that
relation between the incident irradiance and the delivered PV power is linear and south orientated,
particularly the tilt angle is equal to the latitude of the site and produces a larger amount of output power

which in the case of UAE, Al Ain is 24°. Figure 2.20rdltestthe optimum angle tilt and orientation for
UAE.
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Figure 2.20: PV power output dependent on Orientation and Tilt angle in UAE, Al Ain based on standard
test conditions, (Radhi, 2010)

Similarly Modol et al, 2007 validated by simulation results thatroof mounted PV system at a latitude

of 54_N in the UK with a south facing surface inclined at 20deg was maximum while on other facing
surfaces the output was lower by 1.6% and 18.1% respectively then the maximum value. Other factors
which determine he sizing of the PV system is the temperature, precipitation, wind speed and land
topography. Nearby structures, plants and objects could lead to undue shading and reduce the PV
performance. PV modules and arrays are rated in terms of their electricipuband that corresponds to

the standard test conditions (STC) when the solar radiation is near to its maximum 1000Wm2 and the cell
temperature is 25degC. Figure 2.21 shows the output reduction based on a temperature dependent

scenario of PV cells. Usuyalthe efficiency drops by approximately 0.5% for every 1degC rise in
temperature.
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Figure 2.21: Intensity and Temperature dependent behavior of PV cells. (Clean Energy, 2010)
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Table 2.2: PV system losses can be due to various factors apart from the Bbadea €t al, 2011)

Source of loss Reference

Reflection ~ Temperature  Inverter Low irradiance ~ Shading  Soiling Ohmic ~ Mismatch ~ MPPT

(%) (%) (%) (70) (%) (%) (%) (7o) (7o)
3.0 7.8 7 38 Sugiura et al. (2003)
8.0-17.0 10.0-16.0 3.5-50  1.0-1.5 0.15-0.17 2.0-5.0 Mukadam et al. (1995)
15.0 2.5 20 Decker et al. (1992)
- - - - - - - 15.0 Caamano and Lorenzo (1998)
- - - - 35.0 10.0 - - - Becker et al. (1997)
3.1 7.6 4.0 0.9 0.3 12 5.7 Iliceto and Vigotti (1998)
B 33 53 - 3.5 - 0.24 - - Steinhardt et al. (1998)
3.8 17.5 4.6 11 12 5 Baltus et al. (1997)
2.8 13.2 1.7 2.1 9.8 4.5 Schaub et al. (1994)
22 6.9 4.1 5.1 Kurokawa (1998)
4.0 8.0 - 7.0 - 6 - Kato et al. (2002)
- 33 5.3 - 35 - - - - Jahn et al. (1998)
4.0 12 0.2 0.6 Durand et al. (1990)
- - 10.0 - - 3.0 - 5.0 - Lloret et al. (1998)
2 4 15 7 1.5 1.0 1.0 2 Mondol et al. (2007)

2.4.4 PV System Configurations and Components

102@S |ttt GKS &aATAy3a 2F (GKS t+ aeadSy |faz2 RSLISYRA
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profile of the building in relation to the achievable PV system to be installed. The output of the PV system

of different sizes and applications can be compared by normalizing them with the actual system size (KWp

of PV arrays) and compag their monthly mean value of their daily final yields. A standalone PV system
requires an accurate system sizing than a grid connected and the final result should meet the load profile

of the building, structures which ultimately underline the performea ratio of the standalone PV system.

But the grid connected system may be designed at different times to meet the fraction of the total electric

load while the remaining or the fraction can be taken care by the main power grid of the building. But PV

parels alone cannot produce electricity by themselves and require ancillary support system and
components to make the power output viable to user. The following are the components which are
required to complete the configuration of the system:

1 PV Modules obolar arrays (Crystalline or Thin Film, Transparent, Seanisparent or Opaque
etc)

1 Charge Controller which can have optimal features and the function is to maintain the batteries
proper charge level and avoid over charging

91 Inverter for converting DC powé¢o AC for building equipment usage

1 Balance of System which provides the interconnection and standard safety features required for
power output such as array combiner box, sizing cables, fuses, switches, circuit breakers and
meters.

1 AC and DC loads appies such as lights, equipments, pumps etc which are the final consumers.

1 Back up supplies such as diesel generators etc

Apart from the sizing of the PV modules it is critically important that the sizes for components are also
calculated to optimize the grformance. Nowadays inverters produce a modified sine wave as compared
to earlier square wave and are not quite the same as power company electricity as they take care of most
of the problems encountered earlier. Inverter sizing is according to the vilaélg can deliver and are
capable of sustaining much higher loads and can run continuously for accurate power rating as per its
specifications. The controller apart from maintain adequate flow of charge to batteries also takes care of
reverse flow and is th lifeline for batteries. Hua et al 2006 discussed the behaviors of lead acid batteries
during three cycling test and procedures and concluded that lead acid batteries display the best cycle life
and could be successfully used for standalone PV application
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2.4.5 PV Future Outlook

The future of solar PV as one of the fastest growing industry lies in the growth rate of new developments
such as material use, consumption efficiencies, and reliability in relation to the current initial high cost
investmentratio. Most of the investors are discouraged due to the high initial cost and the payback
periods. Though new technologies are advancing to balance the cost to efficiency ratio it is still in its initial
stages but one has to also understand that the fidssils prices are also escalating and a period will come
when the payback time will be practically met to cost of the fossil fuels market rate. Munner at al 2005
has already described the modular approach to solar PV electricity shall meet the demarel \inar

2025 in six major cities in India and suggested that solar hydrogen based energy network has the
capability of providing the energy requirement. But till then the PV market will be dependent on
incentives such as government subsidization, polickinthand renewable energy goals to step closer to
meeting the energy demands. Grid connectivity or smart grids can be the immediate solution to the
current cost problems but cannot be meet without the government initiatives.

Innovations in technologies UK ' a 2NHIYyAO t+Q& oht+0 GKAOK NBLIX I C
already in its application stages. OPV whereby in 2007 German Federal Government announced its
support for the industrial partners working on OPV with 60 million Euros within the framehigh tech

strategies along with companies like BASF, Bosch, Merck are already going ahead with OPV full throttle to

scale of 300 million Euros (Henemann at al, 2008). Also Konarka has promised to have products such as
Bifacial Cells which will convestectricity on both sides of the glass fagade and windows.

Lastly but surely the policies and cost factor for further technologies need to be enhanced. For e.g. in

France the BIPV tariffs are higher as compared to the non integrated solutions by almnostE596

e Ok 12K 0dzi FRRAGAZ2YIE Ay@SadyYSyid adowaiRASa | NB I|f3
incentives are built in for a tax credit savings of almost 30%, but for residential and advances need to be

on the businesses as well. hGermany has come forward as a force since models have been developed

around the world and one can already see a shift in the market with increasing fossil fuel inflation
(Henemann et al 2008). UAE as a country has already initiated (IRENA) Intein@eoesvable Energy

Association by winning the bid to be the host country to house its headquarters. Almost 149 signatory
countries and 76 members have agreed to be the part of this formation to meet energy targets.
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2.5 WIND ENERGY
2.5.1 Wind Potential

Wind energy similar to Solar is also one of the leading resources which are not exhaustible, and can
produce energy with little or no polluting emissions. According Van Wijk et al the estimated potential to
produce electricity from lath based wind energy is 20,000TWh per annum along with a possibility of
installing 450GW of wind turbines capacity by the year 2020 globally. Figure 2.23 illustrates the wind
energy potential globally at 5km wind map at 80m height where dark red signifientil above 9m/s

wind speed in countries such as South America, Europe, China and East African region.

Skm Wind Map at 80m

Figure 2.23: Global Land Wind Energy Potential 5km Wind Map at 80m (3TIER Inc, 2011)

Wind is simply air in motion and the power contained in triad is the kinetic energy (KE) of the flowing

air mass per unit time. This KE of mass air in motion is equal to half actual mass (m), of the air time the
square of its velocity V and represented as KE=1/2 mV2. Wind is the product of the temperature

fluctuk GA2y 2F SFENIKQ&a &adzNFIFOS 6KAOK A& O2YLINAASR 2F O
times, rates causing temperature differential. It day and night heat movement cycle which is caused by
movement of lighter heated air upwards and colder tgair downwards during day and night from earth

to water surfaces. This is also possible in deep mountain valleys with a similar hot and cold air movement.
Although there are many factors involving wind pattern, there are three major wind belts in thiel wor
yIEYSte 52t RNHzvaeé ySINI GKS Sljdzr i2NE &l AIK t NB&adz2NB
FAYILEte at2fFNICNRyiGé |G cnRS3 tF3dAGdzZRSD CAITdzNB H dH
power density at 10m and 50m wind clask&s wind power density between 1LEEDOW/m2 at 4.4m/s at

10m height. Most wind turbines are installed for class 3 due to better efficigblain¢hillaet al, 2011)
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Figure 2.24 Global Wind Circulation and Classes of Wind Power Density, (Wall et al, 2006)
27



The world wind energy market and technology has come a long way since its initial concepts through
simpler wind devices which date back 1000 years back with vertical windmills found in P&icgizm

border around 200BC and horizontal axis wind millshef Netherlands and Mediterranean much later in
1300-1875AD, not to forget the Badgirs of the Iraniiiddle Eastern architecture (Kaldellis et al, 2011).

As of today the wind energy market has slowed down with the overall annual market shrunk by 0.5% to
38.3GW in 2010 as compared to 38.8GW in 2009.But in spite of the slump the global installed wind power
capacity now stands at 197.0GW with the main market drivers being Asia and Europe which installed
21.5GW and 9.5GW respectively in 2010. China due tooitintied boon in infrastructure has alone
accounted for half of new global wind installations with 18.9GW in 2010 totaling up to 44.7GW and has
surpassed US to claim the top spot. Overall it is notable that the total investment was accounted for by
China ad large European off shore wind farms by 2010 (GWEC, 2011). Figure 2.25 represents the growing
market in wind power installed capacity by region spanning from with the largest share
improvement in Asia especially due to China followed by Europe.
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Figure 2.25: Global Wind Power Installed Capacities by RegioAlPOQ@WEC, 2011)

Though the Middle East is way behind in wind power there is definitely potential to invest in this sector as
per Prof. Mohammed Yagoub, a researcher from the UAE Uitiyen Al Ain, where wind farms can be
established along the north western area with a wind speed ranging from-3128n/s in certain
identified area through the GIS, weather and satellite imagery with a close proximity to centre of demands
such as urbamand agricultural hubs, refineries, airports and transmission lines. From collected information
through 34 meteorological stations in the UAE the maximum gust ranges betw&émg& and this speed
together with the average speed can be put to account ie tarbine design cuin and cutout speed
(Kazmi, Gulf news, 2009).

2.5.2 Wind Energy Systems

So far we have looked into the wind energy potential but this energy need to be converted to usable
power and for the conversion wind turbines are used alonthvis components. By definition wind
turbines is a rotary device that extracts energy from the wind which can be converted into electricity and
if the same energy is used for machine purposes then it is defined as windmill and wind pump if used for

pumpid 6 (SN 2AYR (dNDPAYySa N5 oNBIFRte OfFaaraFASR
CdzNDAYyS&aéd 6112¢0 YR axSNIAOFE ' EA& 2AYyR CdzZNDAYySaé

that these wind turbines essentially are designed basedhenflow axis of the wind and maximization of
the wind energy to power conversion factor. Though both wind turbines exist in the market with the
majority share taken by HAWT and almost 90% turbines in use are HAWT for several reasons (Rosa, 2009).
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Horizontal Axis Wind Turbines (HAWT):

The HAWT is a rotary device which harnesses power from the wind energy which flows at higher speeds

above ground surface. It is a device which is driven by main rotor shaft and electricity generators which

are placedat the top of the tower. The HAWT has a design specifically which demands that it should be

pointed towards the wind velocity to capture maximum power. This process is called yawning. The turbine

shaft is generally coupled to the shaft of the generatootigh a gearbox which turns the slow rotation of

the blades into a quicker oration that is more suitable to drive the electrical generator. Figure 2.26
NBLINSaSyida GKS 3ISySNrf RSaAady 2F (GKS 112¢ FyR (G4KS A
houses the gearbox and the generator along with other components of the HAWT.

Yaw drive

Underground Blectrical Foundation
Connections (Front View) (Side View)

Figure 2.26: HAWT Design and Internal Equipments (ESN, 2011 and Wikipedia, 2011)

The HAWT generally has3lnumbers of blades depending on the rotor diameter and the svaeptof the

blades to capture maximum wind power, and could possibly have larger number of blades with disc like

a2t ARAGE 6KAOK A& GSNXYSR la alA3dIK {2fARAGE 5S@A0Sa
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used across Europe for grinding grains and they operated on thrust exerted by wind with blades inclined

at an angle to the wind direction initiating rotation. Whereas the MBlikde as the name suggest more

number of blades is used to pump water and sitlogy are more located based on the water availability

they are designed to function on low wind speeds. Finally the High propeller machines are more adequate

and widely used to generate electricity and instead of working on the thrust of the wind force as
compared to former cases these turbines operate on the aerodynamics forces of the wind. It is found that

the turbines which operate on thrust forces are of lower efficiency than the ones which operate on the
aerodynamic forces. (Vijand Sethi2011) Figre 2.27 illustrates the different HAWT types.

Figure 2.27: a) Dutch Windmills b) Mtiiade Water pumping windmills ¢) High Propeller Machines
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Vertical Axis Wind Turbines (VAWT):

VAWT are less known type of wind turbines with the designs, altescoops or aerofoil rotate
perpendicular to the direction of the wind as in general they can capture wind in any direction as
compared to HAWT but various issues arise due to efficiency levels. The VAWT have main rotor shaft
arranged vertically for mulkdirectional wind capture and due to this it harnesses great benefits where
wind direction keeps varying. They are also comparatively lighter as the gearbox and generators can be
placed near the ground which makes them more easy and accessible. But ssige droduce pulsating
torque which results in fatigue and sometimes becomes difficult to place them higher due to higher
pressure resulting in fatigue at higher height wind pressure. They are more preferred at lower base levels
where the wind pressure i®wer as the sizes of VAWT are restricted to harness lesser efficiency power
2dzii Lddz4 4 t26SN) 2dzi Lddzid ¢KSe FNB OFGS3I2NRT SR Ay
W2i2NED® ¢KS 51 NNARSdza GeLIS Aa vyl eaSadd hadéafuns sudhas CNBy O
good efficiency, produces large torque ripples, and starting torque is very less with external
superstructures are needed to hold them up. (Vijay et al 2011). The Savonius type is shaped like to cup
drums cut into half vertic and are drag type turbines which work entirely on thrust of the wind force

with the two cups attached opposite each other on the vertical shaft to scoop wind force. While the

Giromill types are quite similar to the Darrieus except that they have strditfes and have cyclo

turbine variety which has variable pitch to reduce the torque pulsation and is self starting. The advantages

being high starting torque, lower blade ratio, a wide relatively flat torque curve with a higher coefficient of
performance Figure 2.28 illustrates the different types of VAWT

Ve

Figure 2.28: VAWT Types a) Darrieus Rotor b) 8ss/Botor ¢) Giromill Roto/{jayand Sethi2011)

Advantages and Disadvantages of HAWT and VAWT

HAWT Advantages:
1 Itis more stablalue to the blades position being to the turbines centre of gravity
1 Turbine blades give best angle of attack due to wing warp ability which gives better control so
that the blades can collect maximum amount of wind energy at any time and season.

1 Avoids damge to turbine due to ability to pitch the rotor blades in storm

9 Taller towers can access better wind speed with wind shear and every 10m up the wind speed
increase by 20% and the power output by 34% (Patnaib9)20

1 Unevenness of land, forest and offshdogations are more feasible with tall tower positioning.

1 Most are self starting and can be cheaper for higher production volumes, larger the size higher

the capacity and efficiencies with better proven products.
Disadvantages:
1 Cannot be placed closer to @éhground as they require laminar wind flow and their yaw with
smooth blades bearing needs in turbulent winds makes it difficult.
1 Blade sizes up to 60m long which are taller and long are difficult to transport on land and sea
increasing the equipment ovefalost.
91 Also installation is difficult with tall and longer blades with skilled operators and cranes.
Navigation and maintenance of transmission lines with offshore towers
Fatigue and structural failure caused by turbulence is suffered in downwind variants
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VAWT Advantages:

1 Maintenance and servicing is more feasible since moving parts are closer to the ground due to its
shape with airfoils, blades just connected to the arm of the shaft that sits on the bearing and
drives the generator below.

Vertical shapef rotor blades avoid yaw device reducing cost and need for bearing.
Higher airfoil pitch improvises aerodynamics which reducing drag and high pressures.
More powerful winds at ground levels at hilltops, ridgelines and passes then at higher levels can
house VAWT better then HAWT due to the increasing wind velocity as one goes higher up.
1 Laws and restricted areas where higher heights not permitted can benefit from VAWT
1 Ease of transportation and installation cost due to the VAWT scales.
91 Due to lower tipspeed ration damages are less at high wind situations.
Disadvantages:

1 Limitations in height due to the VAWT mechanics and doubts as to rise in swept area at higher

positions.

1 Efficiency for most VAWT are 50% of that of HAWT in larger parts becauseaafditienal drag

that they have as their blades rotate into the wind.( Vigend Sethi2011)

1 Not all devices are self starting as Darrieus type has self starting difficulty in normal wind regimes.

1 Limitations in higher power production due to lower windvper regime device structures.

1 Historically VAWT are higher cost to power output ratio.

=a =4 =4

2.5.3 Wind Turbine Design Considerations and Applications

The design of the wind blades is critical in design of the wind turbines and even more complicated then
aircrdt wings as the air movement around the blades has wind forces moving towards and also from the
relative motion of the blade. Since the air pressure at the airfoil on top is lower than the pressure below
due to the upward lift and the angle which is formedi G KS € 246 SNJ LR NIA2Y 2F GKS
FGadroléd® ¢KAa Fy3atS Aa Ol dzaS RdzS G2 GKS NBadzZ GFyid
can improve the lift of the blades at the expense of the increased drag but heavy air presi$stall the
wings and airflow will have turbulence and damage the turbine blades. This specific design of blades in
wind turbines is known as the aerodynamic blade design to harvest maximum power output in the
rotation of the rotor in the swept diameteof the wind turbines. The tip speed ratio (TSR) of a wind
turbine is defined as the ratio of the speed of the blade tip to the speed of the wind and dictates the rotor
efficiency, expressed mathematically as follows:

¢{w ' H whb

\%

Equation2.1Where R= Radius of the swept area, N= Rotational Speed and V= Free Wind Speed

Power coefficient of the wind turbine is the instantaneous efficiency of the conversion of energy into
mechanical energy of the shaft and in high speed HAWT the maximumrpmeéicient is given by the
betz limit which is 59% or 0.59 (Yao et al 2009) and is given as follows:

Cp=power output from the wind turbine
Power contained in the wind

Equation 2.2Where Cp = Power Coefficient

But the wind turbines do not start generating power by just the blow of wind through it and there is a
O2yiNRBt YSOKIYyAAY &dzOK & a/dzi Ay {LISSR¢ 6KAOK A&
generate usable power as the wind speed is not suffictendbvercome friction in the drive train of the
turbine and is typically between-ZOmph for most turbines. In many modern designs the aerodynamic
torque produced at standstill conditions is quite low and the rotor has to be started (by working the
generabr in the motor mode) atlie cut in wind speed (Bhadta H AmMn 0O ®{ AYAf I NI &8 GKSNBS
{LISSRE G 6KAOK GKS GgAYR Gdz2NDAYS gAff ISYSNIrdaS AGa
wind turbine will optimize its rated power output. Bthiere are situations when the wind turbine will be

subjected to very high wind speed pressure and may rotate much beyond the rated speed. In such a
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damage o the turbine. This shut down may occur in several ways such as automatic brakes, pitching the

blades to spill the wind and others such as spoilers etc. Most of the wind turbine manufacturers provide a

INF LK OFffSR GKS aLkR ¢S Nlesutldutwikhéwind dpeeds ay rientidnédSabayel y R (i dzl
Figure 2.29 illustrates an example of the power curve in relation to the power output versus wind speed.
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Figure 2.29: Power curve graph for Wind Turbines (PFR, 2011)

There are various factors affecting wind power such as wind statistics, load factor, seasonal and diurnal
variation of wind power. The later has a significant effect on wind power and can be reduced by increasing
the height of the wind power generator toweAs we all know air is heavier at the bottom of the surface

of the ground earth and hence there is more friction at the ground surface and is generally termed as
NRPdzZKySaa NIGA2 2F GKS SINIK FTNRY o02idgionalibthe (2 LID L {
cube of the wind speed, so even the modest increase in wind speed will cause significant increase in the
wind power. Hence the air friction is critical to get smoother wind speed which gets better as we move up
FYR F02@S (KS ufteNXskwe dookInt® ghaytl Rocadion to house the wind turbines
generators such as availability, power connection system around, site, terrain, soil, lightning strokes, and
the very next factor is the friction coefficient of the location to maximize poweetput. Figure 2.30
illustrates the friction coefficient of various terrains and height variation in wind tower which leads to
better power output graph.
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Figure 2.30: Various terrain friction coefficient and Tower height to wind power ratio (Yd®eitkand
SWBET, 2011)

Other factors are also critical to maximize power output such as wind rose, Weibull distribution function,
long term wind records used to select the rated wind speed for wind electric generators, pitch control ,
stall controls whih include systems such as passive and active stall controls, yaw control which helps to
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continuously orient the turbines along the direction of the flow. But yaw control often produces loud

noise and it is desirable to restrict the yawing rate in large hitegs to reduce noise (Bhadra, 2010).

Application of wind energy in building is not new and the concept of standalone wind turbines for urban

power generation started with power generation system in rural areas especially due to heavy cost
involved in layig heavy transmission lines and losses. A lot depends of various factors especially in an

urban environment as we have mentioned earlier as regards to terrain and turbulence, obstructions.
However apart from physical aspect, the building also has to be seseugh aesthetical point of view.

There are different methods adopted worldwide to integrate wind turbines in building and the most
O02YY2y |Y2dzyid GKSY 0SAy3a awz22F ¢2L) az2dzy SR 2y . dzAf R
speed without any physal obstructions if possible with the surroundings and creates high turbulence at

the top of the roof due to upward draft movement of the wind on the building structure. This upward

draft could also be harmful if not pitched at an adequate angle and aarecfatigue to the blades in no

GAYS® . dzi GKS azx!2¢ ¢dzZNbeé¢ Aad RSaAAIYSR aLISOATAOFT &
per manufacturers. However studies have revealed that wind flow acceleration occurs on the roofs to

multiple times of the ambient wind speed and could be helpful in high wind power production (Walker,
HAMMO® ! y2iKSN) YSGK2R Aa a5dz00SR 2AyR ¢dzZNDAySa oS
This is based on the positive pressure built up on the windward side and wegaéssure built up on the

leeward side due to the wind past blowing the buildings. This air pressure differential has potential as air

moves from front to back or other sides which experiences wind acceleration (Frechette et al 2008). With

a connection i ducts placed with wind turbines inside between the windward and leeward sides

multiples again as compared to ambient wind speeds improving wind power. But this has to be carefully

studied as in case the air flow is perpendicular to or at angle to tlo¢ i pressure differential is induced

along the two sides and no wind energy is generated Some researches and engineers have specially
formulated building shapes in aerodynamics specifically to gather better wind speeds and with this can

gather wind powerat different angles or more parallel to the turbines axis such as HAWT. Wind turbines

Ay adzOK | SNRPREYIFYAO FNNIYy3aSYSyd 2F odzAf RAy3I TF2N¥a
0.]2¢09 ! GSNE 3FJI22R SEI YL S 27T aldkidstimodes built KUsh as | K NI A y
G29. [/ 2yFSNBYOS IyR wSASINOKeéd I NA2dzda 6AYR (dzZNDAYS
in Figure 2.31

Figure 2.31 a) Roof Mounted WT, 5MW Turbine; 10MW Tower (Studied Impact Architects, 2010)
b) Ducted WT, 8% of Building Electricity Demand, Castle House Tower (Hamilton, 2010)
¢) BUWT, 1-15% of Building Electricity Demand, Bahrain WTC (Atkins, 2009)
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2.5.4 Wind Energy System Configuration and Components

Depending on the load generation needetbrh wind energy profile the system can be either a

AAAAA

G{GFryRItft2yS 6b2y DNRARR /2yySOiSR0Ué 2NJ I GaDNRR [/ 2yyS
particular site such as off grid rural places or ingstfbre areas. In cases where the wind speedoizdg
G§KSNBE | NB ydzYSNRdzza gAYyR (Gdz2NDAYySa gKAOK FFNB 2Fi0Sy
farms is that they reduce site development cost, simplified connection to transmission lines and more
centralized access for operation and maintenanbeday turbines capacities have grown significantly with
the latest 5MW turbine in 2006. Figure 2.32 shows the wind turbine wind farms and progression in
maximum turbine sizes and capacity over time.
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Figure 2.32: Turbine Sizes and Capacity over(LWiéd Energy Facts, 2010)

The Standalone wind turbines or non grid connected turbines can produce electricity or mechanical

energy and often have methods of storing energy such as batteries when wind conditions are not good.
The come in range of power duldzi & @& & i SYa -{3&20KS &3¢ GeaMiGNBMnan2 2 NJ

F LILX Al yOSaz NBY2GS tA3IKGas avlrtt O02YYdzyAOlGA2yY
useful for pumping water for irrigation, navigational aids waste water treatment etc angd F £ £ &€ & {
{eadaSvyaeg oAGK wmnl2 G2 pnil2 FtYR IINB tFNBS Sy2dAak
camps or communities. Whereas large wind turbines that feed electricity into the utility grids (Grid
Connected) are commercially available sashwind farms above and are in the range of size from 300kW
to 1.5MW. The following components are required to complete the wind energy system configuration:

|l

Foundation and Towers: They are critical as they have strong enough to hold the turbine and its

t
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2YLRySyiad {2YS 2F (KS 2ySa dz&aSR I NB aDdz SR
GAIL0EST Ge¢Afd dzJ ¢26SNE | NB dzaSR F2NJ avYlff SN ag
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Rotor: This consists of blades specifically shaped for aerodynamic surfaces. Turning of the rotor

causes the rotation of the drive train and generator. Diameter of rotor blades determines how
much power is generated from wind.

Nacelle which housesthe gearbox, a generator which is generally induction
(asynchronous)generator, electronic system which monitors the condition of the turbine and
controls the yaw mechanism, yaw mechanism which turns the rotor face towards wind direction,
cooling unit, ancan anemometer and wind vane to measure the speed of wind and direction.
Batteries such for storage of power from wind energy with charge controller to control discharge
and reverse flow.

Inverter which converts DC to AC usable electrical power and bat#ggstem such as wiring,
cables etc
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2.5.5 Wind Energy Future Outlook

It is estimated that wind power in many countries is already competitive with fossil fuels and nuclear
power if social/lenvironmental costs are considered (REN21, 2010). As the maicteoast of the wind
system is normally very small and annual maintenance costs is about 2% of the total system cost. (Yao et
al 2010. But a lot of efforts are still made in reducing the cost of wind systems by design improvements,
better manufacturing tebnologies, site issues, better control strategies, development policies and
instruments etc. Moreover , according to the long term plans 400GW of wind power in Europe and 20% of
US electricity demand covered by wind till 2030 is planned, along with Géguesting 150GW installed

by 2020 (Kaldellis et al 2011). Figure 2.33 illustrates the expectation to meet the 230GW target by
countries.

Expectation to Meet the 230GW Target
(New Installations in GW of 165GW, 2009-2020)

@Germany
@ Spain
OUK
HFrance
Oltaly

& Poland
@Sweden
@ Netherlands
[@Greece
Blreland

0O Other

Figure 2.33: Future Wind Energy Targets and Expectation from Countries till 2020 (Kaldellis et al, 2011)

But to acheve such target the R&D for wind energy systems must also look at the following points to
achieve sustainable, economic aspects such as:

1 New wind turbines to reduce overall cost, assess efficiencies, reliability in wind turbines,
innovative logistics wittmproved design considerations.
Achieve grid integrations for even greater wind energy penetrations
Government subsidies, policies and infrastructure, resource assessment and planning with
governmental incentives etc.

f
f

Innovations such as the new rooftogZND A Yy S& RS @St 21LJSR 68 G2 AYRCENBYAOQaE

in diameter and can generate wind energy at just 2mph on contrary8mph to produce electricity. This

is possible as the power generating parts where placed outside the wheel wherellyldtles can turn

faster reducing bulk at the centre in traditional wind turbines and produce a power output of 2,000kWh of
electricity annually. This would be almost 18% of the average household use with a cost of $5,499 only.
(WindTronics, 2010) Otheompanies such as Katru EEaergy have developed a new type of HAWT
OFffSR G(KS aLYLIX dzE¢ H6KAOK OFy OFLIXGdz2NE AN FNRY
horizontal blades facing up. The main innovation is that it can streamline and ateefeom any
direction into the central chamber where the rotors generate electricity such that the centre piece is a
fluid dynamic gate which prevents air from escaping the turbine and can generate up to 2kW of electricity
with future plans of improvingtito 4-10kW. Some realistic innovative designs are shown in the below
CAIdzNB Hodon & LISNI G2RIFeQ& YINJSG Ay wgs5 aSodz2N®

Figure 2.34: a) Implux Turbine (Katru feergy, 2011) b) Energy Ball (Home Energy, Sweden, 2011)
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2.6 STUDY OF PREVIOUS RESEARERPA

The below section investigates further research and finding by some scientific paper from various sources.
The key aspects that are studied in the papers are in relation to solar and wind energy system along with
factors such as orientation, scale,ntml mechanisms and techniques to maximize/optimize power
output from the given system. By means of such study the author intends to utilize these finding in the
current research and compare results by finding positive and negative aspects that havadiednin

such research papers. Initially findings of each sector of energy generation i.e. solar and wind shall be
investigated individually and further paper shall be based on issues and solutions related with integration
of both the systems as a way altka

2.6.1 Studies on Wind Energy Systems

Ledo et al (2011) investigated the effects of wind flow characteristics in three suburban landscape
characterized by houses with different roof profile such as pitched roof, flat roof and pyramidal roof. By
the useof such analyses the author has produced reading which will assist in the integration of micro
turbines on building in a suburban housing profile with factors such as low wind speeds, building forms,
turbulence intensities, turbine heights and perceptiofi potentially high level of aerodynamic noise
generated by turbines. The use of numerical equations accompanied by computer fluid dynamics (CFD)
has been used to simulate the wind flow in such environment and to find the optimum 4tidsime
mounting locdéion. Placing turbines where turbulence intensity is high causes early fatigues failures of the
blades while it will be subjected to low wind speeds in separated zones is the main objective to study this
research paper and hence Ledo et al has investigaitdtion where the density of the such suburban
housing is more closer .The model of closely knit housing in Spain (Figure 2.35) with houses spaced 6m
apart having a profile flat, pitched and pyramidal roof, plan of 8mx10m scale, finally height of d@at fo

roof and ridge at 12m for other roofs.
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Use of a serdiog wind profile which is a logarithmic profile is adopted above the mean building height
and anexponential wind profile is used below the building height instead of using the wind velocity based
on roughness of the ground. Based on the this semi log wind profile the pitched roof at height of 10m the
wind velocity calculated is 6m/s. Similarly thieagement of wind turbines is considered with variable
locations and the boundary conditions for the model in a rectangular domain of height equal to three
times the actual building height are positioned. Hereby to investigate the effect of wind directions
simulation is run as three different angles such as Odeg, 45deg and 90deg with recommendations of
turbine mounting locations based on turbulence intensity level the following reading are obtained Figure
2.36
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Figure 2.36: Results of Turbine Mounting Lana based onurbulence intensity leveld €do et al, 2011)
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Further studies were done on wind velocities at different angles as mentioned before by mounting
turbines as again different locations to derive a power density using mathematical equatiahe As
turbulence intensities where more stable above the flat roof with stable wind velocities due to the
formation of buildings the flat roof had wind power higher than the pitched roof as the wind power is
sensitive to wind direction in all cases studi&igure 2.37 illustrates the power densities of all forms of
buildings at different angles in relation to wind directions and power availability.
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Figure 2.37: Power densities for a turbine hub height of 3m for all roofs as a function of windodisecti

all cases.l(edo et al 2011)

Final results led to the conclusion that turbulence intensities strongly depends on roof profile as well as
wind directions, however the flat roof showed more stable turbulence intensities as compared to other
but even beyondhe roof decreases rapidly due to structure and space formations. While slow down in
wind velocities are noted at 55deg for pyramidal roof, the pitched roof slow wind velocity was obtained at
67deg. But overall the flat roof was the more desired roof fomsuch dense suburban low structures
with better power densities and normalized wind velocities to generate optimum power energy output.

James et al (2010) presented papers with key findings using filed trial monitoring method on 39 HAWT in
urban, suburban and rural locations in the UK. The objective of the paper was to compare the technical
and economic aspects of the installed horizontaicro-wind turbines with the data provided by the
manufacturers in relation to the actual power output achieved on site. The performance of all the wind
turbines (<2kWp) components of the UK mievind trials undertaken by the Energy Saving Trust in
2008/09 was assessed over a period of 12 months with 5 min average data collection on date and time,
turbine output, turbine consumption, available wind speeds and directions. A Vaisala ultrasonic
anemometer (WMT50) was installed on each site, fixed into positip a local TV aerial installer and as
closer as possible to the turbine hub height while maintaining lateral separation sufficient to minimize
interaction/distortion effects. For estimating the wind resource database (NOABL) numerical objective
analysisboundary (BERR, 2007) was developed to predict wind speeds at 1km grid square level at 10, 25,
45m above ground level. New micro generation tariffs were analyzed in relation to the grants given by UK
policies to find a realistic output of the wind energystem to overcome economic problems in future
wind turbine installations ranging from <1.5k¥8kW capacities. Basis of site selection was to provide a
wide range of manufacturers and wind regimes as possible. Table 2.2 illustrating the wide range of sites

and turbine types selected as per manufacturers.

Table 2.2: Fully monitored building mounted HAWT sites for trial (EST, 2009)

Turbine EST+WWT Diameter (m) Rated power (W) Rated power Rated wind Cut-in Cut-out
per m? swept area (W/m?) speed (m/s) speed (m/s) speed (m/s)

Airdolphin 1+4 1.8 1000 393 12 2 50

Ampair 600 0+14 1.7 600 (231%) 264 (102%) 125 3.5 None

Eclectic D400 0+4 1.1 400 421 155 2:5 None

Swift 4+1 2.1 1500 433 125 23 None

Windsave, WS1000 34+6 1.75 1000 416 125 45 15
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production graphs, wind spesdand coefficient of performances (COP), estimated annual generations
based on wind speeds and finally a comparison of the measured meteorological wind speed data with a 10
years average data set was established. Further all sites were subjected tamdatkata collection based

on measured annual and average wind speeds, estimated shape and scale factor, wind speed predictions,
turbine type and height, annual generation per m2 swept area and finally load factor was recorded.
Evaluation of economics of ¢hwind energy system in relation to the current electricity tariff structure and

the payback time within its lifetime in the UK was graphed. All factors such as initial costs, maintenance
and annual operation cost were taken into consideration and werene@npared to the PV output ratio

were estimated in general. Finally Figure 2.38 illustrates the generation tariff required for payback in fixed
number of years (p/kWh) and the discounted rate evaluated.
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Figure 2.38: Tariff generation required for 1kwcro-HAWT to achieve a payback as a function of load
factor, period and discount rate. (James et al 2010)

The performance of micellAWT was generally poor due to the realistic wind resource around the

buildings in comparison to the available database ahid y dz¥ | O dzZNBE NRa LINB RdzOG Ay F2 NJ
site recorded an average wind speed above 4m/s while it must average a wind speed of 5m/s minimum
correspond to an annual generation per m2 swept area of 10% load factor approximately. Thus resultantly

a mmparison between NOABL database and measured wind data, the NOABL database overestimates the

wind resource and a higher threshold of 5.8m/s was suggested for future potential wind energy market

across UK. Also to achieve a 10 year lifetime payback petiadzero discounted rate would require an

annual load factor of 7% which is higher than the measured at the fully monitored sites in trial.

adzt £t SNJ SiG I ¢ 6unndpd Fylrtel SR GKS 2t RSad (1yz26y F2N
(Vertical Axisyand conceptualized the adaptation of this type of drag force windmill converter in to
modern design of building integrations architecturally. The Sistan Windmill absorbs wind energy with its
individual blades and moves slower than the wind on its dragficosit. After the studying the older
concept mathematically the modification was done whereby the drag coefficient was improved to 1.2 to
2.0 by adding a disc at top and bottom of the wheel that increased the efficiency by 29.6% theoretically.
Further impovisation was done to the geometry to the leeward side with modifications to the rotors,
walls and top and bottom to obtain low pressure zone and high pressure zone on the side of the obstacle
facing the flow direction. Mathematical equations derived Bmth functions i.e. ratio of average blade

and wind speed. Modeling the equation as simple box with vertical axis and a friction wheel over the side
wheel after which the wind speed was measured with a hand held anemometer and ten revolutions of the
wheelwere timed with a stop watch. The same concept was modeled in Archicad on a building with rotor
blade area of 5x8m, wind speed of 15m/s, converter efficiency of 50% which would result in maximum
power output of 36kW. Figure 2.37 shows the older concepsisfan windmill and the newer version
modeled to obtain results by mathematical equations.
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Figure 2.39: a) Principle concept of Sistan Windmill b) Modified Concept of Resistance VAWT.

Wind speed v,

Flow separator ! Friction wheel, R = 100

Friction
belt

Blade 300 / 580

800 600 300/580| |

’ 1 :' Weight

P! 1 !
50 me— 300 —{50

— 400 —

air outlet

wingwall

air inlet

Figure 2.39: c¢) Artist Impression of large scale rascdtype VAWT on high risd(ller et al 2009)

In conclusion it was derived that theoretical development of this geometry change with induced 2D flow
field indicated a maximum converter efficiency of-@8% with test conducted on theory the highest
measuredpower output determined was 42% with low pressure induction of wind on the leeward end.
Loop holes such as actual magnitude of pressure on the front and back and effects were not investigated,
nor are the optimization in the number of blades and effectsoissidered with details of in and outflow of

wind energy on the drum.

Sharpe el al (2010) also developed a radical new design concept based on the Darrieus turbine form which
is type of vertical axis wind turbine on building integrations. Investigatias done to find a balance in
building integration forms and to avoid reduction in output which are unable to maximize the potential of
the augmented airflow around buildings. Factors which create issues as regards to HAWT large output
models such as loadsn larger buildings, maintenance or repair, noise and vibrations and finally visual
I OOSLIiFyOS KIFa 0SSy GKS (1Sé F¥20dza 2F GKAA ySg Y2RdzA
researched specifically to respond to demands for turbines iramirbituations. Though the new design
works on the Darreius turbine principle it brings innovations to counter balance the negativities of the
original concept by mounting the frame with the shaft held on both ends so as to enable the operation
within the ais of rotation aligned either horizontally or vertically which reduces the loads on the bearing
and shaft. Points of innovation that follow are
1 Blade design such as to achieve maximum efficiency with low solidity and low inertia mass design
and flexibilty of blades which naturally assume troposkien shape at rated speeds which
minimizes bending stress.
1 Design of blade roots which can solve problems in limitation in rotational speed in high wind
conditions.
9 Distribution of loads which will help in reducif@ads on buildings and no rotor tip blades which
help in noise reduction.
1 Capabilities which can draw wind from all directions and cope with turbulence around buildings
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Further use of mathematical modeling which calculates torque, resultant stream wise, feariation in

angle of attack versus azimuth and finally power output potential is analyzed. Flexibility in blade design
also helps in possibilities of a dynamic pitch angle with inclusion of linear springs to gradually increase the
magnitude of the ngative pitch angle with increasing rpm and via graph plotting the best angle is derived
for even high torques. Issues such as over speeding are solved by modification in braking system or
release mechanism by addition of loop of wire or chord which retraimch blade by looping through a pin

in the blade. During high speed conditions the loop breaks and all blades are released from the slot.
Building integration models are worked at different angles of the building and location as shown in Figure
2.40.

Figure 2.4@&) Variable placement angle) View ofBuilding integation on parapets$harpe et al 2010)

It has been concluded that such modular system the capacity of the power output can be increased with
addition of number of modules and can béaped at building tops, edges, parapets and all possible
location which can benefit from the urban building augmented air flow. Being light weight and specifically
designed to suit urban environment the installed capacity could be between factor$ tifes greater if
favorable mounting conditions are met. Also modularity could lead to economic manufacturing cost
benefits and efficient power output as per following power curves obtained by modeling of the cross flex
design.
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Figure 2.41 Obtained Power Curves with increaspegd for Cross flex desigBharpe et al 2010)

Zghal et al (2011) presented papers to optimize and manage the energy produced by wind energy systems
with new methods of sizing and techiszonomics with agiven load distribution for a specific site with
analysis on the impacts of different parameters on the system. Since the maigystdms of a wind
energy system are generators and unit of storage the paper present the lack of energy to generate
probabilties (LEGP) in relation to the percentage of surplus of energy produced (PESP) and the cost of
kilowatt-hour produced. Mathematical and simulation code has been used to carry out the optimization in
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sizing of the system coupled with a case study to satisfyresidential house requirement (5kWh/day) in
Tunisia is analyzed. It is critically important to select a correct regime of the HAWT to predict the
performance of the energy output with the different components so as to enable an optimization in the
sygem which is done by determining the aerodynamics power efficiency, mechanical transmission and
tower height with the most important elements such as rotor, gearbox and generator. In series a
mathematical model is used to determine the quantity of energgttcan be produced by the HAWT,
secondly the capacity of the nominal power of the generator is determined with possibilities such as that
wind turbine does not produce any current, power dependent on wind, constant power output and high
speed condition kaking of the wind turbine is evolved mathematically. Further modeling of storage
systems such as batteries which depends on previous state battery energy, quantity and finally user
consumption. During optimization criteria it was noted that total energjzaystem can meet the daily

load demands which leads to situations such as lower production, equal production and excess
production. For all the above mentioned choices the paper represents a variable limitation with a balance
in system power reliability rad system cost. Case study evaluation of wind turbine using these case
optimization leads to the following curves resulting that only increasing the height of the wind turbine
increases energy produced by the wind generator which shows growth of the R8E&daction in LEGP.

The upper line i.e2sky, C3+C1, 4C1 represent turbine types.
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Figure 2.42: a) LEGP and PSEP evolution for different system configurations. b) Impact ofthE@&son
of energy (&kWh) ¢ghal et al, 2011)

Further simulation reults lead to the clarification of the impact of the LEGP on the cost of enekgyhC

Results indicate that based on the configuration th&Wh values decrease when the LEGP decrease

which is due to increase in the height of wind turbines which increasesgy output. Since increase in

the size of the wind generator or number of batteries the LEGP value did not attain zero, it was indicated

G2 dzasS O2YLX SYSy il NE &deadSvya adzOK a txQa> RASaSt
case study mdel in Tunisia.

Muyeen et al (2011) investigated the use of current controlled voltage source inverters with variable
speed wind turbines systems. Considering recent wind farm grid codes modeling the control strategies for
overall system was developed tmigment the low voltage ride through abilities of a variable speed wind
generator. This analysis is carried into real wind speed data measured in Hokkaida Island, Japan to avail
the dynamic characteristics using standard power system simulation packagfesenfication of results

of voltage control voltage source inverters in comparison to power failure literature. In series the
modeling of the wind turbine is done with maximum power point tracing graph and range of rotor speed
variation approximately naging from 516rpm and care is taken that magnetic synchronous generator
output does not exceed the rated power. Inverter model is a standard 3 phase two level units six IGBT and
anti-parallel diodes and frequency controller which consist of a rectifi@osbconverter with grid inverter

as mentioned earlier. Diagrammatic models of the sinusoidal pulse width modulation (PMV) and based on
the inverter switching function inverter simulation model is developed along with the boost converters
purpose to contrbthe rectifier output current and power. Strategies for the variable speed inverter (VSI)
are obtained with three phase electrical quantities and are related to each other by reference frame
transformation. Figure 2.43 illustrated the diagrams that haweerb evolved with the above set of
formations to carry simulation results.
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Further circuit breakers of symmetricallie to ground faultunsymmetrical dine to ground fault and -1

line to ground fault are considered for network distribution and from simulation results is was analyzed
that the unsymmetrical faults of VSI improves the system performance considerably. Dynamic
characteristic othe model is run on varied range of wind speeds as obtained from the site and was noted
that wind generator terminal voltage could maintain a constant desired level of transmission system
operator under the proposed control strategy. The system runs shipoinder random and quickly
varying wind conditions during both symmetrical and unsymmetrical fault conditions with effective
operation conditions of the variable speed wind turbirgermanent magnetic synchronous generator in
both dynamic and transientomditions.
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Figure 2.44: Stable Simulation results by use of control strategies a) Real power supply to gridrt®) DC
voltage frequency convertdMuyeen et al, 2011)
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2.6.2 Studies on PV Energy Systems

hYSNJ SG f ownnod O2yRdzOGSR Y2y AG2NAYy3 NBadzZ Ga F2NJ
with thin film module apt for commercial use and other crystalline PV roof slats appropriate for domestic
buildings. The criteria for building seleatiavas clear such as usage, sizes, construction, occupancy and
design where on the selection of PV system was based. The roof areas considered for commercial building
spanned almost 160m2 inclined at 16.5deg to the horizontal and wall of 50m2 suitableolfor s
installation. Out of the complete roof 50% was dedicated for solar thermal collectors to meet the building
heating loads and 50% was allocated for BIPV which was monitored for field tests along with its
components. Various simulation packages weredufsg energy analysis and positioning of the PV system
along with the appropriate selection of type and components. Care was taken for the vertical installation
of the PV panels to make sure that they project out on the upper floor from the roof overhazhgaid
overhang shading and further projects helped in maintaining an air flow between walls and panels to
avoid overheating of the cell temperature. Use ebiacells encapsulated between glass and Tedler backing
supported by aluminum framing with attéingle of 58deg horizontal with the whole PV array facing 30deg
south as seven parallel strings of 4 modules with standard test conditions open circuit 264V, short circuit
1A and peak power of 952Wp. Finally a Sunny Boy inverter of appropriate size ahdatitm was
attached to the main system. Similar studies to the domestic PV system were carried out and south facing
application was zeroed down into roof mounted PV slats replacing roof tiles was used. Here a Mono
crystalline technology was more suitabte ensure maximum power output owing to the higher
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conversion efficiency as compared to theSawith a final south facing tilt angle of 52deg in 14 rows
installed. Electrical connection followed as 2 parallel-attays of 66 series connected 11.88Wp hwit
nominal STC open circuit voltage 235.6V and short circuit of 8.9A with peak power of 1568Wp along with
appropriate inverter similarly. Figure 2.45 shows the selection of buildings and PV systems installed for
filed monitoring.
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Figure 2.45: a) @nmercial building with
system installationsmer et al 2003)

. = ® ; \ a V L!‘
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Continuous monitoring of the PV systems for both the building brought about the following result:

1 Low efficiency of the PV systeas compared to original simulation output due to effects of
shading on part of arrays, reduction in module peak power with associated effects on inverter
power ratio, maximum power tracking failure and suspected defective PV modules on the
commercial insthation in addition to poor orientation of array and power losses due to system
components.

1 Even the domestic building showed similar signs of low efficiency; though no inverter problems
were associated, the PV arrays were subjected to partial shadingodciese proximity of trees.

But one of the main reason for failure was the cell temperature which was due to the integration
of PV slates and their multhyer structure overlapping each other with can resulting in mid day
cell temperature rising in an erss of 70deg while the roof space was only 33deg. Again not only
the overlap but low gaps/spacing along with roof fixing components was an additional cause.
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Figure 2.46: Graphs showing problems associated with PV Installations:'a) Commercial BiREEIhgssue
b) Cell Temperature issues in domestic buildings (Omer et al 2003)

Economic assessment of both the buildings yielded a result such in case of commercial building was that
initial cost would be substantially reduced if the panels were more natiegl in the structure rather than
further addition of frame work while in case of domestic installation this was not the case due to roof
integrations possibility. Though the commercial installation is higher than the domestic cost there are
possibilitiesof full integration into window systems. Finally both the buildings did not prove to be cost
effective at the current market prices of energy while the basic aim of the paper was to bring the
technology to a wider audience and attention to potential retioe in CO2 emissions. In conclusion it is
noted that appropriate information should be provided at an early stage which include principles of BIPV
2LISNF GA2yas YIFydzFF OGdzZNBENR&a RIGEET FYR &aATAy3a 27
situation, and degradation criteria of amorphous PV cells consideration, shading problems and finally
controlling cell temperature.
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Radhi (2010) evaluated variation of the total energy of BIPV as a wall cladding system applied in UAE
commercial sector and provedl comparison of viability of such technology against other forms using the
concept of embodies energy payback time (EPBT). Analysis of the EPBT of the solar energy system was
done in terms of four main sections i.e. silicon production and purificatioodytion of silicon wafers,

cell fabrication, packaging into PV panel modules and finally the balance of the system (power
conditioning, control equipments, storage, load equipments etc). Three major cities of UAE were zeroed
down to study the climatic caditions such as Dubai, Al Ain and Abu Dhabi as comparatives. Detailed
studies involving temperature, humidity, average irradiance on the horizontal plane and tilted planes
showed different characteristics, which were derived using MeterNorm Software.\Apahels were
assumed to be integrated into the building envelope with 90deg tilt envelope supported by an aluminum
frame leaving an air gap of #ibcm from the walls. EnerghO software utilized for the analyzing the PV
system performance hodbpy-hour which estimates the efficiencies, operating temperature with exact
energy balance methods between building and its system. Most important the calibration of the
simulation was done based on monthly utility bills and building design and operations withefast r
weather data based in Al Ain and then same run for Dubai and Abu Dhabi.
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Figure 2.47: a) Building in Al Ain with PV panels windows on all directions (e.g. South Elevation) b)
Composition of existing wall and with P\tallation used for researciirédhi, 2010)

At first the PV systems energy payback time is done without any considerations for the reduction in
operational energy and then the impacts of PV panels as a wall cladding, so as to explore the embodied
energy and performance of the PV facadaly then the estimate of the total energy saving was derived.
Literature review led to various factors of energy requirement in the production of PV system. Detailed
process showed that ratio between PV output and saving in energy due to PV panelghimswange of

1:3-1:4 and the most energy efficient direction were southern and western facades with a embodied
energy payback time for the PV system within a range ef3 §ears and when a reduction in operational
energy is considered it reduces furthiey 3-3.2 years. Also detailed research led to the fact that optimum

tilt angle for the south facing surface in the UAE is 24deg but the western 90deg surface tilt generates
larger output in spite of intensive solar radiation on the south face predomipahte to the rise in cell
temperature which degrades the efficiencies. Also Radhi, (2010) finally encourage the use of PV system as
also thermal insulators to stop heat transfer which reduce cooling loads including wall insulation as an
added advantage ah alternative in the UAE apart from its capabilities to produce electricity for the
building.
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Norton et al (2011) evaluated in depth the various factors which enhances the performance of PV systems
sizing on buildings theoretically. By emphasizing rangkeg systems which would improvise the solar
energy potential in terms of efficiency, overall performance and finally help in the economic viability
factors such as use of inverters, concentrators, thermal management and storage systems were detailed
in research with various ufp-date advanced techniques of the PV system installation and operations.
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Figure 2.48: Interaction of influences on PV system sizing (Mondol et al 2006a)

The above chart is a excellent formation of all measures involwnignal sizing of the PV system grid
connected matrix which not only looks at basic parameters of initial PV design criteria but also emphasis
the need for appropriate study based on post installation maintenance and costs associated with the final

outcome
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Toledo et al (2010) presented a review of the energy storage and distribution associated with PV energy
by using the Sodium Sulfur (NaS) batteries which help improve the load factor, back up energy and supply
side management. One of the most importantgoonents of the storage mechanism which in most cases

is batteries and the basis of the system to generate sufficient energy to attend demand at accessible
prices and to provide clean, safe and reliable electricity. Battery applications require energgrgésc
ranging from fraction of a second in high power systems to hours in high energy applications. Various
technologies are available in the market for energy storage and it is important find out their graph related
to efficiency and durability in charggischarge cycles with at least 80% depth discharge. Accordingly the
discharge time and rated power are to be analyzed. Figure 2.49 compares most of the energy storage
mechanism available in the market and their properties critical for appropriate stosetgrtion and

sizing.
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Figure 2.49: Diverse energy storage technologies with a) efficiency and reliability in discharge rate b)
discharge time and rate power comparisgmoledo et al2010)

In cases where distributed generation system are oftela sfaller case and require small scale storages
of a few MW for a few hours in different locations the NaS provides a excellent solution but in cases
where storage capacity is fairly less with supply to particular smaller homes, cottage the lead acid
batteries are also viable economic solutions as seen from the above graph which involves second best to
NaS batteries. The important parts of battery selection that need to be considered are noted in spite of
emphasis given to NaS batteries which is a poiriddaken such as:

1 Reversibility ratio of charging and discharging with expected duration in number of years
considering number of cycles for at least 80% Depth of Discharge.
Output voltage modules, power and energy for peak shaving application.
Rapid respose time, high energy density, unaffected by ambient temperature with capabilities
of being installed in protected or unprotected environment.

1 Possibilities for remote monitoring with minimal maintenance, no emissions or vibrations, low

noise and finallyecycling capacity.

Also the peak hour encountered during the day in peak summer due to air conditioning should increase in
dG2NFr3S OF LI OAGE 6KSNBo0oE AYONBlIaAay3d GKS | 3aNB3IFGESR
performance ratio/efficieng for both grids connected or direct connection to load demand can add value
to the system by:

1 Allowing load management, for consumer by shedding load utility from other sourcdesel,
main electrical power stations etc when associated with demand side controls.
Avoid energy interruption by increasing the capacity of utilities.
Enable consumer and main power grids to support local critical loads by attending to their own
energydemands in case of system failure and excess demand during peak hours.
Overall the best battery selection reduces the high cost of photovoltaic installations which can be
minimized by proper battery load management and energy storage power whereby britiggn®V
market more closer to the concept of clean, reliable and economic solution in renewable energy drive in
2RI &Qa GAYSao

f
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Chaar et al (2008) discussed the effects of witalvn sands and dust on PV arrays in the UAE. Especially
in the UAE in spite dhe excellent solar conditions to harness PV system installations there are prevalent
problems due to high temperature with occasional strong winds which lead to sandstorms in additional to
the humid weather during summer season. With accumulation of siidky sand and dust on the PV
leads to poor performance energy output as compared to the tests conducted in the laboratory or
manufacturers catalogue output graphs. Dust or sand collection on the PV arrays leads to poor solar
radiation reach on the cellghich invariably affect the overall efficiency of the cells and is no different
than similar cases of shadowing of the cells due to other factors. Also if the weather conditions are
harsher the occasional large sandstorms could further damage the cetlsedPV arrays if occurred
regularly. Chaar et al also mentions that a poor link is formed due to the complete damage cause to a
single cell in an array which further degrades the overall module efficiency which not only stops its power
output but also actsas a high resister and reverse action by other associated cells. Figure 2.50 illustrates
the effect of one cell that is 75% under shade conditions on a module of 36 mono crystalline formations of
PV arrays.
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Figure 2.50:-V curve of module with one dedhadowed by 75% (Chaar et al, 2008)

Chaar et al (2011) based on the above paper also has discussed mechanisms which can prove a solution to
such sand particles, dust and bird dropping problems which cause PV cell degradation and affect overall
output efficiency by adequate cleaning and maintenance methods. Various methods of cleaning are
mentioned with their advantages and disadvantages in below Table 2.3

Table 2.3: Selection of PV cleaning system and comparisons. (Chaar et al 2011)

Comparison of a selection of cleaning systems.

Cleaning System Advantage Disadvantage
Manual Cleaning only when required Cost varies depending on location and manpower
Time consuming and inefficient
Transparent Shield [15] No mechanical movement to scratch the Requires high voltage for good performance.
protective surface Causes shading when used on a PV panel
Cannot be directly powered from the panel
Electro-Dynamics Screen Efficient and can be used to remove dust from Requires 3-phase high voltage amplifier which is a problem in
(EDS-PV) [19] a variety of surfaces remote locations
Integrated Electro Efficient with and without use of external power supply Requires a Digital Signal Controller (DSC) which is costly
Dynamic Screens [20] Requires switching devices for converters hence more maintenance
is required
Standing Wave Electric It is highly efficient at high gas pressure Removal is difficult when gas pressure is below a certain limit
Curtain [21] Dust removal capability depends on the size of the particles deposited
Solarbrush PV Robot [18] Automated robot Heavy weight and has a high initial cost
Requires human intervention
CleanAnt [17] Self regulating and flexible uninterrupted Heavy and large
cleaning operations Requires external source for charging
Over-dimensioned PV Array  More power available hence possible onshore implementation  Limited space offshore
Acceptable initial investment Requires larger battery bank therefore higher losses

Apart of the abovemethods two other cleaning systems are analyzed and emphasized in details namely
the PIC system and the PLC system which are micro controlled systems deploying mechanical movement
and electrical components and are simple in operation with pkadtectorsattached to the panels and
initiates daily cleaning operation, more like mechanical wipers on PV arrays. Birds are prevented during
day by a buzzer with motion a sensor which detect bird movements and during night green light is emitted
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to frighten them avay. Although these mechanisms add to the initial investment with payback period of 2
years they considerably improve the overall efficiency of the cells by better power output ratio.

Chaar and Lemont (2010) investigated the climatic condition in the WAtarticularly Abu Dhabi to
implement OV technologies by measuring solar radiation of five different geographical locations. The
hourly, daily, and monthly global horizontal irradiation were collected and processed via statistical
methods especially in theummer periods. Also the clearness index was calculated to investigate the
number of cloud days which resulted in maximum clear day conditions in a year. Figure 2.51 and Table 2.4
illustrates the high 82% clear days in a year maximum number being 16B9fdayak clearness index with
maximum day light hours occurred from the month April to September which is most summer season in
the UAE.

Table 2.4 Average daylight hours in Abu Dhabi (all locations) (Chaar and Lemont, 2010)

Month Average daylight hours
January 10.6878
February 11.20107
March 11.88231
April 12.59827
May 13.19577
June 13.47368
July 13.33593
August 12.82337
September 12.10818
October 11.39402
November 10.80012
December 10.53767
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Figure 2.51: Graphicatépresentation of the frequency of daily clearness index in Abu Dhabi (Chaar and

Lemont, 2010)

The overall results of total solar horizontal irradiation, daylight hours and clearness index showed that PV
applications in Abu Dhabi are a promising solutoenergy expansion the UAE as a country.

2.6.3 Studies on PV and Wind as Hybrid Energy Systems.

Honging et al (2009) presented papers for recommending an optimal design for a hybridvaaldr
system employing optimal battery banks for calculating the system optimum configuration and ensuring
the annualized cost of the system is reduced while meeting thetorn requirement of loss of power
supply probability (LPSP). The key factors which were evaluated to optimize the hybridization of the
system were, number of PV modules, Slope angle, wind turbine number, turbine installation height and
the battery bank cagcity. All the above was put to test for a telecommunication relay station in eastern
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coast of China to find the success ratio of the complementary nature of solar and wind hybridization
system. In order to find the performance of the various componentshef hybrid system, a generic
algorithm was used particularly in muftiodal and multiobjective optimization problems. The model for

PV arrays was based on five factors namely, non linear effects that the photocurrent depends on, PV
module technology reked to dimensionless coefficient, non linear temperatwatage effects, power

rated series and finally the maximum power point tracking under different working conditions. Similar for
wind modeling factor such as cint speed, power output incremental tia to wind speed and finally the

rated power were calculated. Batteries such as lead acid type elected and evaluated based on the state of
charge and floating charge voltages were considered. Loss of power supply probability is important as
analysis of tk issues when the power supply cannot meet the load demand is critical and the all the
above led to the chart optimization process illustrated in Figure 2.52.
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Further discussion based on the normal operation mode of the telecommunication stations in China led to
the desired LPSP of 2% but this was due to limited space in the installation of PV modules which less by 35
modules and the wind turbine fght restricted to 20m above ground due to severe typhoon scenario in
summer season. Hourly measured field measure data for a year noted an energy contribution variation
greatly for each month throughout the year. The batteries state of charge were iood gorking
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condition though with nearly 90% opportunities for its SOC with the LPSP well controlled with less than 2%
as required. Table 2.5 and Figure 2.53 shows the final optimal design configuration with an annualized
system cost of 9708 US$ in additito the adequate monthly energy contribution of solar and wind
energy.

Table 2.5: Optimum sizing results of the hylsydtem and annualized co$ignging et al, 2009)

Configuration Nwr Npy Npat B (°) Hwr (m) ACS (USS) LPSP (%)
1 2 82 8 232 25.5 12,536 0.64
2 1 98 5 232 325 9116 295
3 1 106 5 25 31 9421 2.19
4 3 116 3 232 25 12,717 1574
5 1 118 8 223 25 11,215 1.23
6 1 114 4 23.2 25 8998 3.14
7 1 114 5 24 325 9708 1.96
8 3 242 5 245 35 18,740 0
9 1 54 4 26 20 6532 19.25
10 2 82 4 232 40 10,910 1.8
Revised result 2 78 5 24 20.0 10,456 1.98
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Figure 2.53: a) Monthly energy contribution b) Revised goméition of the Bery SOCHonging et al
2009)

Prasad GVT et al (2010) presented methods of improvising the efficiencies of the solar wind hybrid system

by altering the design parameters. A small prototype creating a power load of 120W was design and

tested based on thalterations and additions to basic design of solar wind energy system. Additions to PV

panels involved reflectors along with sun tracking systems and similarly windmills were equipped with

wind sensors and microontroller to detect maximum flow of wind ikctions. 80W/12 volts mono

crystalline module was preferred for PV system with aluminum sheet reflectors fitted at an optimum angle

of 60deg inclined to the plane of the PV panel. The sun tracker ensured that plane of the panels is always
perpendicularg G KS &ddzyQad Nl eéa |yR GKS LRaiAidraz2y 2F GKS NBT
reflector to reach the edge of the panel with all rays directed maximum to the width of the PV panel.

Figure 2.54 shows the arrangement of the reflector desigrelation to the PV panels.

Sun’s rays
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Y2 X X Yo X

Figure 2.54: Design modification to PV panels by addition of reflectors to increase thedligotian
potential. (Prasacet al, 2010)
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Factors for selecting a wind sensor involved such as, no moving parts, digitahalud) output, time
proven design, sensor emulation and 16 point wind tunnel calibration. Tests were conducted in two
modes i.e. auto mode and manual mode and final output of the solar and wind energy evaluated in
comparison to the basic concept and valaédition/alterations to the same design and parameters as
indicated in Table 2.6 and Table 2.7.

Table 2.6: Final Tested Output of Solar Panels (Prasad et al, 2010)

Open Circuit Voltage = 19.75 V

TIME FIXED PANEL WITH REFLECTOR AND TRACKING
(Watts) (Watts)
11 AM 31.67 36.68
12 NOON 32.43 38.98
1 PM 29.51 39.32
2 PM 27.09 36.86
3 PM 19.18 18.43
4 PM 11.87 25.80
Table 2.7: Final Tested Output of Wind mill (Prasad et al, 2010)
TIME WIND FIXED WITHOUT WITH WIND SENSOR AND TRACKING
DIRECTION | TRACKING (Watts) | MECHANISM (Watts)
AND SPEED | (%)
Morning 718 km/h 0.671 1.452
Afternoon T 13km/h | 0.561 0.992
Evening ™\ 27 km/h 4.148 4.148
Night N 25kmm | 2452 3.705

Conclusions readhe improvement by alterations to design of PV system to enhance the collection

efficiency by 68.5% and for wind mill by an overall margin of 50%.
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2.7 DUBAUAE: GEOGRAPHY AND CLIMATE

Dubai is a part of the United Arab Emirates which is a federal of seven emirates (Dubai, Sharjah, Ajman,
Ras Al Khaimah, Um AL Quwain, Fujairah and Abu Dhabi) with Abu Dhabi as its capital city as seen in
Figure 2.55 with the constituency formation in 19@ the late H. H Sheikh Zayed Bin Sultan Al Nayhan.
Dubai is geographically located at 25.2697° North and 55.3095° East and covers a land area of 4,110 km2
situated on the Persian Gulf coast of UAE and is roughly at sea level 16m above (Wikipedi&,h2agt).
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comparatively less now and expected to diminish in the coming years. With this in mind the economy is
now being diversified into real estate drconstruction, tourism and trade, financial services as a larger
contribution to the UAE economy as a country. The weather conditions in Dubai are hot arid temperature
conditions with warm winters and very hot summers due to its direct association watithbian Desert.

Most of Dubai is on an island largely due to sea reclamation with now urban and suburban main lands. The
highest point is the city garden of Al Ain with a height of 1,340m above sea level. Known fot' its 21
century architecture and moder infrastructure only 30% of the emirates are inhabited and rest form
large deserts spanning miles of land area.

Figure 2.55: Map of United Arab Emirates (Ten Guide, 2011)

Figure 2.56: Map of Dubai (Google Maps, 2011)
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