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Abstract

A massive proportion of the world populace livesfan off rural areas which might be geographically
remote and in moderation populated. Such areas Veyelow power demand and are not connected to
the grid. In a development country like Pakistdie thaximum of the populace lives in faraway rural
areas with no utility grid and this appears to e grimary impediment to normal development. Paser
one of the cleanest electricity switch choice atherefore the basis for the improvement of aglax
matter the supply of electricity. In recent yedrsm an environmental factor of view, the renewable
strength assets are being looked at as unlimitegkhiaustible, environment pleasant and sustainable
assets. Direct and indirect advantages of theralggttechnology through renewable sources in Irura
areas include irrigation, food protection, cropgassing, cooling and small-scale industries whigisa

in improving the dwelling preferred of the peoplehe provision of renewable electricity assets is
exceptionally variable and placement particulare different regions have unique forms of energgtsss
available for electrification. The trouble of vaikty of the output from these assets will be iarfp
conquer by installing individual big renewable sfgth plant or adding electricity garage and
reconversion facilities or growing integrated reable power gadget (IRES). The latter options hahbe
adopted everywhere in the world as the qualityarstifor energizing far flung rural regions by wdy o
electricity in decentralized mode. The study redi@meath consideration is positioned in Nangarparka
reserve woodland and wasteland range of the Thapalistrict of maximum populated. The one un-
electrified village is chosen from this desertecbkion. The desolate tract terrain and dense woadeal
and the large distance from the generating stadienthe limitations within the extension of griddan
could handiest be energized in decentralized mbdeuse of renewable power sources. This paper
affords feasible renewable electricity eventuaitiend shows the best scenario on basis of better
reliability and minimal value of energy (COE) crigeand Net Present Cost (NPC) the usage of Hybrid
Optimization and Multiple Energy Resources (HOMERitware.

This work is an improvement of an indigenous tedbgy hybrid Solar -Wind power device that
harnesses the renewable energies in sun and Wirgkrierate energy. Here, electric powered DC
energies produced from photovoltaic and wind twebsystems are transported to a DC join power
controller. The controller is bidirectional relateda DC-AC go with the flow charging-inverter mawh
that provides charging cutting-edge to a heavygaliibn storage bank of Battery and on the identical
time produces inverted AC energy to AC hundredsad_estimates of a regular rural network and for
rural infrastructures had been estimated. Simulatibwind electricity ability in W/m2 in Tharparkar
District, Sindh will do based totally at the acaarwind information from National

Aeronautics and Space Administration (NASA). Thecomes confirmed that the average exploitable
wind power density among 4W/m2 and 5.6kW/m2/dayealizable and that improvement of hybrid

wind-sun machine for off- grid groups will move eofracted way to improve socio-economy lives of
human beings.
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1. Introduction

Unfortunately, Pakistan is facing acute energyi€g the last decade to increase in populationtard
heavy reliance on imported fossil fuels. The Poltackout 8-10 hours in urban areas and 14-18 haurs
rural areas. This situation has drastically affectiee country, residential, industrial and commarci
sectors. Currently the government to keep the cgsnfuture energy supply, it is a big challenge. |
these circumstances, researchers have been aliketm the search for renewable energy sources in
order to meet the country's deficit scenario. Faataly, Pakistan is lying where often the poteraidsts

for all renewable energy sources, such as geograpbation. Solar, Wind, Bio-gas, biomass and
feedstock's, mini and micro hydel to bio-energy.

Pakistan is blessed with 5.5 Whday solar insolation with average annual sunskimetion of 8-10
hours/day throughout the country. Wind speeds afentikan 20,000 economically feasible wind power
capacity of 5-7 m/s MW persists in coastal areaSinflh and Baluchistan provinces. However, the use
of renewable energy around the world, Pakistartilislacking in these blessed [1] of the adaptation
technologies, is already on a fast track.

This paper presents a combination of solar photawoland wind energy systems. Only production
system with solar or wind generation, but theremblems associated with both of them. Solar gnerg
is not available for 24 hours and the time is rootstant. If using a hybrid solar system and isglesi to
overcome these shortcomings. A system that usds smiair and wind power generation system is
designed in this paper. To show that you can watk the latest research results from solar and wind
hybrid power generation system enhancements angased practicality in the field of renewable
resources [2].

1.1. Objectives

Although several studies are conducted for hybeitewable energy system, no research is reported for
this system for Sindh Pakistan. In this work, thehho-economic feasibility study of wind/ solar Hgb
system is analyzed for Resham-Jo-Tar near Nangarpdkarparkar (Latitude: 24.968 N, Longitude:
70.815 E). Resham-Jo-Tar is located on the coastal and has great wind potential and good level of
solar irradiation [3]. Technical and economic asakyare performed for a wind/solar system withelpatt
storages. HOMER is used as tool that facilitatetsrapm design of the wind/ solar hybrid systems. The
analyses of the hybrid power system are performediimulating system operation for the project
lifetime.

2. Literature Review
2.1 Review of Solar Power Technologies

This technology such as refrigeration, lightings teeen used in autonomous systems to meet the load
requirements of the applications of electrical pimgpor other low power. It PV modules, storage
batteries, inverters and control components [4ht8Noltaic durable [5] to achieve development is of

the most promising green technologies. Almost zamaduction of greenhouse gases, using the PV
system; thus, they are an environmentally friergition for each region. The modules are statioaary
without any noise. Less than the maintenance wost turbines, PV systems is an advantage. However,
their relatively high initial cost is depressing male. It is interesting to know that the power agngtion

peak season usually takes place in the summer ignehen the PV power generation peak.

2.1.1 The Solar Energy Resources

The sun is the main energy source which is resptan&r supporting all life activity around the viayr
such as the Earth’s thermal comfort, photosynthesmants and the whole biogeochemical system. The
sun emits its energy in form of electromagneticiaton and after reaching the earth surface it is
converted to other types of energy sources and fosadany purposes [6].

The human beings are using the energy from theiilstwo main ways, i.e. for photo-electric generatio
and thermal conversion. These applications reptesan big leap for the solution of the world energy
shortage
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2.1.2 General calculations

In this section and also in section 2.2.2 we giamequations that are relevant for calculating @ow
production from PV panels and wind turbines, reipely. The formulas, which are described in this
section and section 2.2.2, give background infolonato reader and support theories regarding energy
production evaluation of the modelling tools that aave worked with. The total solar radiation iecit

on a surface depends on the position of sun irsklye which differs from month to month. The total
solar radiation [7] incident on the array as theuinof a solar cell is

It =IpRp + [aRa + (la + Iv) Ry, Q)
where | and | are direct and diffuse solar radiations, respettivariables R Rs and R are beam,

diffuse and reflected tilt factors of solar radiaii respectively. The voltage current equationrindeal
solar cell, with a current source in parallel vatkdiode, is provided by [7]:

Vpy
|pv=|ph_|(quPp_l)y (2)

where }pn is the photo current (A), | the diode reverse isdion current (A), q the charge of electron 1.6
x 109 C, k the Boltzmann constant 1.38 x20/K and T is the cell temperature (K).

The output power of a cell [7] is given by:
Pov = Vpulpv (3

where by is the output current of solar cell (A)pVis the operating voltage (V) ang\HAs the output
power of solar cell (W).

The efficiency of a PV system [7] is:

M ="m Npe Pt @

andnm the modular efficiency[7] is given by:

Nm =nr [1 =B(Tc =Tl )

wheren,. is the power conditioning efficiencyy is the module reference efficiency; B the packing
factor (the fraction of absorber plate area covénethe solar cells); is the array efficiency temperature
coefficient, Tr is the reference temperature for the cell efficierandT. is the monthly average cell
temperature. From [7], hourly power output of P\éteyn with an area# (n?) on an average day of j
month, with incident total solar radiation ef(kwh/n¥) on PV surface is given by:

Psj = Itjn Apv. (6)
2.2 Review of Wind Power Technologies
Wind turbines capture the kinetic energy of theduity means of a multiple bladed rotor coupled \aith
electrical generator on a tall tower. The tallex thwer, the higher the wind speed hitting rotadiels can
become [4]. A stand-alone wind energy conversiatesy is a complete off-grid system composed of the
wind turbine, the turbine tower, the battery bankl an inverter.
Selection of a wind turbine is difficult and a wgpohoice may have negative consequences. Moreover,
picking the right alternative has advantage abbeeldwest price. It is worth economically to waitlé
longer to find a quality system than having onechtimposes extra costs to the projects.

2.2.1. The Wind Energy Resources

The wind is an abundant, free, clean, sustainaideeavironmentally-friendly renewable energy source
It has served the human civilization for many ceieti by propelling ships and driving windmills to
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grind grain and pump water, and nowadays alsolémtrécal power production [8].
2.2.2 General Calculation
The following expression gives the power outpua afind turbine [9]:
P=%GApU ™

where G is the power coefficient of the rotor and A is teept area perpendicular to the direction of
wind in square meter. Alsp,is the air density (around 1,225 kdjrand U is the wind speed (m/s).

The wind speeds at any height [10] can be estinfabeat

_u Z-Zq
U () =¢In(E2) (8)
wherexk is von Karman'’s constant, Z is hub height,iZthe roughness length angiZ the displacement
height. The friction velocity (J depends on the shearing stress and shows the speed near the
Earth’s surface.

2.3 Review of Hybrid Power Technologies

Many experts maintain that it is not possible foisiagle renewable energy source to replace all
conventional energy sources (fossil fuels), whereils a combination of different clean energy sasrc
this becomes more viable. Such a system is cajlbddhenergy system [11]. Hybrid systems are uguall
a combination of renewable electricity generatiaitsy such as wind, PV, hydro, biomass integrated
with conventional ones, such as gas turbines, diggseerators and fuel cells. As conventional power
plants need continuous supply of fuels, which igemsive to transport to isolated places, use gfosidh
renewable energy system can be a good solutiomvfercoming this economic limitation. The main
benefit of a hybrid system is that the weaknessrad source is rectified by the other source. Solar
radiation and wind energy both are not availabletiooously and thus, by using both wind and solar
technologies the periodical gap between demandsapgly of each technology can be filled and the
disadvantage of each one can be minimized. Itdsmenended that accurate meteorological data should
be available in order to avoid designing of an prapriate system and to minimize operation and
maintenance costs, especially in large scale pmojé®r instance, they can support areas with small
agricultural loads, with special needs like telecmmication facilities, hospitals or everywhere ttet
exploitation of hybrid systems is efficient. Hybnidnewable energy systems usually have storage unit
in order to operate in duration of low power prait. [4]

An optimal combination of a wind/PV system dependsthe sizes of the PV array and wind turbine,
which should provide high availability with low doglaving 100 % availability means that it is alsay
possible to cover load demand [12].
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Fig. 1. Design of the selected Renewable Energy Teology (RET's) for the hybrid system.

3. Methodology
This study uses the HOMER software package devdldgyeNational Renewable Energy Laboratory

(NREL) for designing micro-power systems but compdats it by undertaking pre HOMER analyses. In
the HOMER analysis the hybrid Renewable Energy meldygy system is designed, followed by a



4t International Conference on = %6
Energy, Environment and Sustainable Development 2016 (EESD 2016) EEoSU

techno-economic analysis. It compares a wide ramgequipment with different constraints and
sensitivities to optimize the system design. HOMBE#Rforms simulations to satisfy the given demand
using alternative technology options and resouwedlability. We have considered a combination af th
following technologies, namely wind turbines, sd®rotovoltaic (SPV) systems and batteries (see Fig.
01 for a schematic system configuration diagram)}thke hybrid system the demand from the village is
AC-coupled and the SPV, wind turbine and the bigiteaire connected to its DC side

3.1 Village Load Assessment
In a remote rural village, the demand for eledlyiés not high compared to urban areas. Electriity
demanded for domestic use (for appliances like oradbompact fluorescent lamps, ceiling fans),

agricultural activities (such as water pumping) aeanmunity activities (such as in community halls,
schools).
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In this study, the demand has been estimated depafar two distinct seasons prevailing in thigar
namely summer (April to October) and winter (Novembo March) considering the appliance holding
and use patterns for households, potential comalemttivities, and energy use in productive
applications.

Primary Load 1 — This includes the domestic loaddital centre and school demand. The load demand
is approximately 149.09kWh/day and 18.6 kW peakak a load factor of 0.334.

3.2 Resources Assessment

We have considered solar and wind resources insthislation. The resource assessment is presented
below. The solar resource used for Resham-Jo{tageiat a location of 24.968 N latitude and 70.&15
longitudes was taken from NASA Surface Meteorolagyl Solar Energy website. The annual average
solar radiation was scaled to be 5.2kWHilbay and the average clearness index was foune 967.

The solar radiation is available throughout therydeerefore, a considerable amount of PV powepuaiut
can be obtained.
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Fig. 3. Solar energy profile at the selected villag
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The monthly average wind resource data from ana@eeof ten years was taken from the above NASA
resource website based on the longitude and latibidthe village location. The annual average wind
speed for the location is 4.8 m/sec with the aneatermrheight at 50 meters. The wind speed probwbilit
and average monthly speed throughout the yeasisaliserved. It shows that there are 15 hoursak pe
wind speed. The wind speed variation over a dayridl pattern strength) is 0.25 and the randomimess
wind speed (autocorrelation factor) is 0.85.
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Fig. 4. Wind energy resource at the selected villag

4. Results and Discussion

System is analyzed and results are given on this bdNPC (Net Present Cost) and COE (Cost of
Energy) of different configurations. Results argidid into three main categories.

a) When only Solar (Photovoltaic) used for Power gatien

b) When only Wind used for Power generation
c) When Hybrid System (photovoltaic and wind) usedRower generation

Double cliclc on & system below for simulation results.

ﬂ m ﬁ PV |WESS| H2500 | Conv. Intial Operating Total COE | Ren.
W) W) | Capital Cost {$Ar) NPC  |{s/kWh)| Frac.
FLeOFBE =20 4 200 20 §$56.800 657 565203 0084 1.00
A B@H 20 0 2 $ 64,000 1,686 $85552 0123 1.00
cdlll=]E e 4 20 $ 88.000 1267 5104135 0150

Fig. 5. Simulation for only solar system

a) When Only Solar Is supplying the power to the Itfa®l optimization results in figure 05 Shows
that Both NPC and COE increase as NPC 104,195& @16 0.150$ and initial cost is 88,000%.
In only solar generation there is a large numbéisatteries are used that's why initial cost is
increased as well as cost of energy COE.

Double click on a system below for simulation resufts.

ﬂ n ﬁ@ Py |WES5| H2500 | Conv. Iniial Operating Total COE | Ren.
kW) | Capia Cost {S47) NPC {$4Wh)| Frac.
20 20 5 56,800 657 $65203 0094 100
30 20 $ 64,000 1686 $85552 0123 100
o 20 S 33,000 1.267 $704195 050 1.00

Fig. 6. Simulation for only wind system

b) When using only wind resources to power generdiorthe same load the COE and NPC is
more than the Hybrid System (photovoltaic, wind) less than the only solar generation for the
same load shown in figure 06. The NPC is 85,552 @OE is 0.123%$ and initial cost is
64,000%.
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Double click on & system below for simulation results.

| PV |WESS| H2500 | Conwv. Initial Ciperating Total COE | Ren
* "Jr" H] W) KW} Capital Cost {S4r) NPC {84 Wh)| Frac.
L] Sl T . $ 56,800 557  §$65203 0094
A 20 30 20 5 64 000 1.636 £85552 0123 1.00
'5 oy i 5 . - i a
BE 120 40 20 28,000 1.267 104,195 0150 1.00

Fig.07. Simulation for Hybrid system

¢) When Hybrid system is supplying to load with maximsghare Optimization results in Figure
07 shows that when the renewable generation isslpplying load then both NPC and COE
decreases with every increase in share of renevealgllgy and system has lowest NPC 65,203%
and COE 0.094 $/kWh with a maximum Solar generasioare of 74 %.Although system has
second highest values of initial capital 56,800% this is one time investment and lowest
operating cost/yr will easily compensate this higitial capital. This makes the given system
ideal to supply electric power at lowest per unstdo the selected area

5. Conclusion

In this paper HOMER is used to analyze the hybogvgr generation system at Resham-Jo-Tar. The
meteorological data of Resham-Jo-Tar shows thatatea has good solar irradiance and wind speed
throughout the year. The feasibility report sholast the site is most suitable for designing hylpagver
generation system. Since Pakistan has not yet rsig hybrid power generation system, this paper
contributes a lot to the power generation in thenty. In this paper the importance of diesel gatien

is also discussed. Another advantage of using reblewenergy is that generation from these souses i
pollution free and ever available. Case study efllage located in Resham-Jo-Tar district Tharparka
shows that system will have minimum per unit cds094 $/unit) when Solar energy has maximum
(74%) and Wind has (26%) share in overall genematio
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