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ABSTRACT KEYWORDS
This study is performed to show the economic viability of an off-grid iso- Wind energy;
lated renewable energy based power plant to meet the energy demand of a Solar energy;
remote area at Kuakata in Bangladesh. A hybrid renewable system is pro- Hybrid system.

posed by comparing the feasibility of various combinations of system com-
ponents for different sensitivity cases using the hourly load data and the
monthly average wind and solar resources. The net present cost (NPC) of
thissystemis91,98,357 Tk (1USD=69.34Tk) and the cost of energy (COE) is
22.43 Tk/kWh to meet a load demand of 60kWh/d for domestic use by
considering a maximum annual capacity shortage of 5%. This study also
revealsthat the break even distance of grid extension isabout 15 km. This
hybrid system would help to mitigate 20 t of CO,/yr GHG (green house gas)
from the atmosphere by replacing the existing the diesel generator of same

power. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Dueto materidigticlifestylesandindustridization,
theenergy demandsareincreasing rapidly but the pro-
ductionisnot escaating at that rate dueto the unavail-
ability and gradud gppreciation of theconventiond fossl
fuel. Theenergy consumption per capitaelectricity is
144 kWhwhichisthelowest in SouthAsid and less
than 20% of thetotal population have accessto elec-
tricity. Therate of e ectricity penetrationinrural areas
could belessthan 1% per year!d. Thus, the economic
growthintheseareasisobstructed duetolack of elec-
tricity’®. Dobozi and Pohl showed that aggregate eco-
nomic activity and electrical power consumptionwas
closdly rdaed®. Thestudy a so showed electrica con-
sumption and Gross Domestic Product (GDP) el astic-

ity werecloseto aoneto oneratio. Theinitiaized do-
mestic production depends on the el ectricity and the
growth rate of electricity affectsthe GDP. Energy is
oneof themost important ingredientsrequiredto dle-
viate poverty, realize socio-economic and human de-
velopment. Presently, energy crisisisoneof themajor
challenges, whichisaffecting socio-economic devel -
opment. The electricity shortagein Bangladesh was
1000 MW with ademand of 4806 MW on 2006 and
at theyear 2009, it hasfaced an electricity shortage of
about 1400-1800 MW againgt aload demand of 5000
MW, A conventional power plantisgenerdly runby
thefossl fueswhich affect theenvironment and thesys-
tem becomesinexpensvedueto increasing trend of the
priceof fossl fuels. Inthisredity, fully renewableen-
ergy based power plant with moreefficient converson
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technol ogies can have positive soci o-economic effects
anif externalities such as health effectsareincluded,
even more benefits can be expected®. Recently, the
government of Bangladesh has approved the renew-
ableenergy policy!” of Bangladesh. Themgjor objec-
tive of thepolicy on renewabl e energy of the govern-
ment isto produce power utilizing renewableenergy to
contributeto at least 5% by 2010 and 10% by 2020 of
thetotal demand. Thistarget will ensure optimum de-
velopment of all renewable energy sources!®
(Bangladesh economicreview, 2009).

The coastd areaof thecountry hasan averagewind
speed 4 - 6m/swhich indicatesthat wind based power
plant can beimplemented inthe potential sites®. For
thefirst time, Bangladesh Power Devel opment Board
(BPDB) has established apilot project of 0.90 MW
capacity of thegrid-connected wind energy at Muhuri
Dam areas in Feni district and target to reach up to
10MW at the sameplace. Besdethis, LGED installed
10kWp inwind-PV hybrid system at St. Martinsis-
land. BPDB has established a1 MW off-grid wind-
battery power plant which is supplying 0.60 to
0.80MWh electrical energy every day at 11kV at
Kutubdiaidand® 1,

Theannua average solar radiation on horizonta sur-
facevariesfrom4to 6.5kWh/nv? per day!*V. Solar tech-
nologiesarebroadly characterized aseither passive or
active depending ontheway they capture, convert and
distribute sunlight. Active solar techniques use photo-
voltaic pands, pumps, and fansto convert sunlight into
useful outputs. Passivesolar techniquesinclude select-
ing materia swithfavorablethermd properties, desgn-
ing spacesthat naturally circulateair, and referencing
the position of abuilding to the Sun. A solar-powered
irrigation system hasbeen devel oped by converting die-
sel-runirrigation pump on solar power which cansave
760 MW power and 800 millionliter diesd every year
if theconventiond power and diesd-runirrigation pumps
are converted to solar power systems*3. Currently,
200,000 householdsaredectrified by solar energy sys-
temsand the gross amount of solar power systemsis
about 12 MW. Bangladesh government hastakenini-
tiativetoinstdl onemillion solar homesystemshby 2015
("50 MW) which will prevent 84,000 tons of CO,, per
yearl3),

Solar and wind energy systems are omnipresent,

fredy available, environmentd friendly and they arecon-
Sidered aspromising power generating sourcesdueto
their avail ability and topol ogical advantagesfor local
power generations. Combination of two energy sources
iscapableto ensureardiableand continuousoutput is
caledthehybrid system. If astand-donePV systemis
used, it requiresto either increasingthesizeof PV ar-
ray or the size of the battery bank to meet the load
demand. Again by usng awind-PV hybrid systemthe
sizeof thestorage device can bereduced whichinturns
reduced the COE. Several studies’+1 showed that a
hybrid energy sysemismoreeconomicthan sandaone
sysem.

An optimum solar—wind hybrid system has good
compensation characters between solar and wind
sources. The PV—wind hybrid system is becoming
popular for power generation in remote area due to
advancementsin renewable energy technologiesand
substantial risein prices of petroleum products. The
cost of power generation from ahybrid system can be
minimized through proper equipment sizing and load
matching*”. Bernal-Agustin (2009)1*% showed that a
stand-alone hybrid renewabl e energy system incurs
lower costsand demonstrates higher reliability than a
photovoltaic (PV) or wind system. A hybrid power sys-
temisnot only feasiblefor domestic useof small com-
munity but dsofor alargehotd (Ddtonet d., 20089),
an|CT tel ecentrd’¥ and asecondary school . Though
the primary install ation cost of arenewabl eenergy based
power plant isvery high but operating and maintenance
cost are negligible compareto aconventional ong?!.
Saheb-Koussaet al., (2009)1?2 estimated the appro-
priatedimenson of sand-alone hybrid PV-wind/diesel
with battery storagethat guaranteetheenergy autonomy
of typica remote consumer with lowest COE for six
locationsin Algeria. Another study'®! discussed the
method of improvement of the performanceof ahybrid
system to establi shtechniquesfor accurately predicting
output and rliably integrating the systemwith other re-
newableor conventiona power generation sources. Due
to thelong distance and difficult to access, in remote
area, theoverd| system usedinthese gpplicationsmust
berdiable?.

The scope of thiswork concentratesto optimizea
wind based off-grid power plant at Kuakata. The pro-
posed power plant is 100% renewabl e energy based,
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that would cater to 25 householdsand aprimary school .
The proper combinationsof plant equipment werecho-
sen on thebasisof technical aswell aseconomic per-
formanceamong al possible combinations. A combi-
nation of primary and secondary datawas used for ex-
tensveanaysisto arriveat optimum sol utions. For op-
timization analysis, HOMER hasbeen used, whichis
computer based s mulation-optimization mode deve-
oped by Nationa Renewable Energy |aboratory, USA
for evauaing design optionsfor both off-grid and gird
connected power systems. The optimization and sensi-
tivity analysisa gorithmsof thesmulator alow evauat-
ing the economic and technical feasibility of anumber
of technology cost and availability of energy sources.
Theeffect of load sizeinthehybrid systemwill bedis-
cussed and threshold load will be determined. More-
over, the comparison of thissystemwith grid and the
mitigation of harmful green house gases (GHGs) from
theatmosphereby repl acing therenewabl eenergy based
power systemwill bestudied.

SOLAR RESOURCE

Experimentaly measured solar radiation datawere
not availablefor thesite, so sunshineduration datawere
collected from Bangladesh Meteorol ogy Department
(BMD) at Kuakatastation whichisin close proximity
tothesdected site. Theorigina Angstrom-typeregres-
son equationrelated monthly averagedaily radiation to
clear day radiation at any locationisasfollows:

H, S

=o+b—
c o

@

Where So = 2[%] ,H,isthemonthly averagedaily

global radiation, Hcistheaverageclean sky daily ra-
diation on ahorizontal surface, Sisthe mean monthly
averagedaily sun shinehour, S, isthe maximum pos-
siblesun shinehour, o isthesunshinehour angleand a,
b aretheempirical constants.

Themonthly averageof themaximum possibledally
hours of bright sun shine can be computed from the
above equation. Page (1964)2% modified the method
based on extraterrestrial radiation on ahorizontal sur-
faceby thereation,

Hg S

H =a+b§ (2)

WhereH jisthemonthly averageof thedaily extra
terredtria radiation.

But Hussain and Haider (1981)1° estimated the
valueof empirical constantsaand b from the weather
data of Bangladesh and modified the above equation
a5,

o

H, S
—=0.18+0.39— (3
H (0] SO

WhereH g/H0 isknown asclearnessindex K which
meansthetransmission of radiation through theatmo-
sphere. Values of Scan beca culated from the Cooper
formula(1969)1?". Grahamand and Hollands (1990)%
showed theway to estimate the hourly K . valuesfrom
daily K by using an empirical model. Theglobd solar
radiation over KuakataisshowninFigure 1.
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Figurel: Monthly variation of global horizontal radiation.

WIND RESOURCE

Wind speedisnot acongtant phenomenonand varies
with year, season, and time of day, elevation above
ground, and form of terrain. Bangladeshissituatedin
tropical areaand for thisreason the monsoon flows
over the country at summer season. SinceKuakataisa
coastal areaof Bangladesh, thewind potentia isno-
table here. Wind speed datameasured by Loca Gov-
ernment Engineering Department (LGED) at 20mand
30m heightsfrom June 2005 to December 2006 were
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used to measure the wind potential at Kuakata. The
diurna and seasond variaionsof wind speed areshown
inFigures. 2(a) and 2(b).
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Figure2: (a) Monthly variation of wind speed of Kuakata at
30m and 20m elevation from theground.
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Figure2: (b) Hourly variation of wind speed of Kuakata at

30m and 20m elevation from theground.

Figure2(a) showsthat thewind speedsarenot con-
stant phenomenaover the season. Themaximumwind
speed isavailable during summer dueto the effect of
monsoon. Thelowest wind speed isobserved a winter
season (October to February). The hourly variation of
wind speed is quite steady with alittle peak at after-
noon and thewind speed at ahaeght 30m fromtheground
isalwaysgreater than the cut in speed of thewind tur-
bine. Thismeansthat acontinuous energy can be ex-
tracted fromwind at thisareawhichisvery essentid for

= Orlfticel Review

anywindfarm.

Thefrequency for particular wind velocity can be
predicted by amathematical expression the Weibull
function and it can be expressed by thefollowing for-
mula

Y e

=0 esawhere

wherec>0isasca e parameter and k>0isashape
parameter. For 0<c<1, theWeibull distribution hasde-
creasing hazard function. With c>1, theWeibull distri-
bution has an increasing hazard function. When c=1,
theWeibull reducesto an exponentid distribution. Gen-
erdly, theshape parameter representsthedispersion of
the data. It can be noted here that!?® ¢ and k are de-

pendent through the equation:

Iogc+%logZ=Iog(median) (5)
And these parameters are rel ated to the average

wind speed by theequation:

- 1

V= Cr(z'l' 1) (6)

WhereT is the gamma function. The comparison
between the probability of predicted and actual wind
speedisshowninthefollowing Figure3.
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Figure 3: Comparison between the actual frequency and

Weibull prediction for wind speed at 30m height at K uakata.
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LOAD CONSUMPTION

Most of theinhabitants of Kuakataaretribal and
their occupationismainly fishing. They are deprived
of using themodern el ectrical and electronic devices
dueto unavailability of enormous amount of power
from national grid. Load consumption dataare not
availablefor the proposed site. Basically, they use
electricity for lighting, cooling and entertaining®".
Presently, most of the el ectricity at Kuakatais con-
sumed by the incandescent lamps. We estimate 35%
reductionispossibleby replacing al light bulbswith
compact fluorescent energy saving lamps. Inthisstudy
ahypothetical community of 25 householdsis con-
sidered and each of them contains five memberson
an average. Each household uses maximum three
energy saving fluorescent lamps (each of 20 watts),
two ceiling fans (each of 75 watts) and atelevision
(80 watts). Figure 4 showsthe variation of typical
load consumptionin arural areafor domestic use
withlocal timefor three different seasons. It isalso
evident that theload at the spring or autumn season
is intermediate between summer and winter. The
higher demand existsduring summer whilerelatively
smaller load requirements are found during rest of
the period. Thedaily energy consumptionisreatively
higher between 16h and 22h.
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Figure4: Variation of load with local time and seasons.

SYSTEM COMPONENTS

Solar-PV module

Inthe present case polycrystalline silicon photo-
voltaic (PV) panelsareconsidered for analysis. Only
the rated power of PV panelsisused and the areais
irrelevant. Thistypeof PV panel isconsidered to be
placed with south facing and ad ope of about 22° with
earth surface. Theoutput power of asolar pand mainly
dependsontheincident solar radiation with adirectly
proportional relation. Again thereisastrong depen-
denceof output power with temperature. Thedecrease
of output power with increase of temperature can be
estimated by temperature co-efficient. HOMER can
andyzetheprobability of output power for varioustimes
with given solar radiation data. Thissoftware usesthe
following equation to cal cul ate the output of the PV

aray:

G
Ppv = Ypvfpv T
p pp(G

)[1"' ap(Te = Te, sre)l )
T STC

Where, vais the rated capacity (kW) of the PV
array, meaningits power output under standard test con-
ditions(STC). STC meansaradiation of 1L kW/m?, a
cdll temperature of 25°C, without wind flow. Standard
test conditionsdo not reflect typical operating condi-
tions, sincefull-sun cell temperaturestend to bemuch
higher than 25°C. Here, fpv isthe PV derating factor
(%), G, isthesolar radiationincidentonthePV array in
the current time step (kW/m?), G, . .istheincident
radiation at sandard test conditions, apisthetempera:
ture coefficient of power (/°C), T_isthe PV cell tem-
peraureinthecurrenttimestep (°C), T, o .isthePV
cdl temperature under standard test conditions (25°C).
Theeffect of temperatureis neglected and theequation
(7) takestheform:

G
Ppv = Ypvfpv T
p pp(G J

T STC

8)

The estimated primary cost of PV-moduleis
2,50,000Tk/kW including the shipping, tariffs, instal-
lation and dealer mark-ups. Thereplacement costis
2,00,000Tk/kW and the operating and maintenance
cost is500 Tk/yr-kW. The parameters considered
for the simulation of PV module are exposed in
TABLE 1
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TABLE 1: Technical parametersfor thePV module.

Criteria Unit Values
Output current DC
Lifetime Years 20
Derating factor % 80
Slope Degrees 22
Azimuth Degrees (WtoS) 0
Ground Reflectance % 20
Tracking System No tracking

Windturbine

A windturbineisarotary devicewhichisdesgned
to extract energy fromthewind. For thisanalysis, WES
5 Tulipo type upwind turbinewith variable speed syn-
chronous generator and IGBT converter isconsidered
to produce el ectricity. The output power curve of the
turbine has shownin Figure5. For alow wind speed
arealikeKuakata, the selected turbineis appropriate
dueto itslow cut in speed. The cut in speed is the
lowest wind speed bel ow which thewind turbine can-
not produce power. To install selected wind turbines,
theinitial cost is3,50,000Tk/ turbineis considered
whereas the replacement chargeis 3,00,000 Tk/tur-
bine and the operation and maintenance cost is 3,000
Tk/turbine/year. Some of thetechnical parametersfor
WESS5 Tulipowindturbinearegivenin TABLE 2.

30

TABLE 2: Thetechnical datarelated tothe WES5 Tulipo
windturbine.

Criteria Unit Values

Rated Power kW 25
Starting wind speed m/s 3.0
Rated wind speed m/s 11.0
Diameter m 5
Cut-off wind speed m/s 20
Blade no. 3
Lifetime Years 15
Hub Height M 25
Battery

Thedevicewnhich convertsthe stored chemical po-
tentid intodectricd energy iscaled dectriccdl. A com-
bination of such oneor moredectrochemica cdlls, used
to convert stored chemical energy to electrica energy
iscalled battery. It isavery popular storage devicefor
electrical energy. The Trojan L16P battery isconsid-
ered asastorage device. The primary installation cost
19,000 Tk/battery. Thereplacement and maintenance
costsare 8,000 Tk/battery and 500 Tk/battery/yr are
included intheandysis. Someof thetechnica datafor
Trojan L16Pbattery areshownin TABLE 3.

TABLE 3: Thetechnical parametersfor aTrojan L 16Pbat-
tery.

2
wn

[
=

Power output ( KW )

0 4

8 12 6 20
Wind speed (n's)

Figure5: Thepower curveof WESS5 Tulipowind turbine.

Criteria Unit Values
Nominal capacity Ah 360
Nominal voltage \% 6
Round trip efficiency % 85
Minimum state of charge % 30
Float life yrs 10
Max. chargerate A/Ah 1
Max. charge current A 18
Lifetime throughput kwWh 1075
Suggested value kWh 1180
Nominal capacity Ah 360
Converter

A converter isadevicewhich convertsaneectrica
signal from aternating current (AC) to direct current
(DC) or vice-versa. A converter can be an inverter,
rectifier or both. A PV module producesDC and wind
turbine produces AC to serve AC load. So, to syn-
chroniesthesesignasfor charging aswell assupply to
theload, aconverter isvery essential for ahybrid sys-
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tem which comprises both wind and sol ar resources.
Theegtimated primary ingtal ation and replacement costs
are 14,933 Tk/kW and 10,000 Tk /kW respectively
for theconverter. Technica parametersfor theinverter
and rectifier modulearefurnishedinTABLE 4.

TABLE 4: Technical parameter sfor theinverter and recti-
fier module.

Criteria Unit Values
Lifetime Y ear 15
Inverter .
Efficiency % 90
C ity relativetoi t % 100
Rectifier apaC| y relative to inverter ()
Efficiency % 85

RESULTSAND DISCUSSION

Maximum annual capacity shortage

The maximum annua capacity of shortageisthe
maximum alowablevaueof thecgpacity shortagefrac-
tionwhichistheratio of thetota capacity shortageand
thetotd dectricload over theyear. Inorder tomaintain
0% capacity shortage, thesmulationwill sizethesys-
tem to meet even thisvery high peak load. Thiscould
mean that the system hasto includelarge, expensive
equipment that isnot fully used most of thetime. There-
fore, alot of excessenergy will bedumped dueto lack
of adequate load. It can raise the NPC which means
thecogtsof installing and operating the system over its
lifetime. Moreover, the capacity shortageisnot desired

16

TV = TLodl 100KW

Load BOKW
s=yem | pad 60KW
Load 45.8KW.
=== | oad 20KW
wmmes | 0ad 10KW

.
[=. <IN = T £ T =

Net Present Cost (Tk in million)

0

0 2 4 6 8 10
Maximum Annual Capacity Shortage (%)
Figure6: Relation between NPC and maximum annual ca-
pacity of shortage.

for any system. But the advantage of the capacity short-
ageisthat sometimes, it can reducethe NPC, aswell
asthe LCOE drasticdlly. The COE meanstheaverage
cost per kWh of useful electrical energy produced by
thesystem.

Figure 6 shows that the NPC decreases rapidly
with increase of maximum annual capacity shortage,
which becomesmoresgnificant asload Sizeincreases.
But, beyond this, the NPC does not vary significantly
with capacity shortage. On the other hand, the pro-
posed system is designed for only domestic purpose
and no critical load, which requires continuous power
supply, isconsdered in the system. Therefore, amini-
mum 5% annual capacity shortage can beintroduced
without vacillation to makethe sysem economicaly vi-
able.

Optimum options

The LCOEfor PV-battery systemisvery highcom-
pareto the optimize systems. Generally, astand a one
PV-battery systemisnot feasiblein any context where
24 hoursdectricity demandisinvolved, because solar
resourceisnot adequate to serve continuous demand
for alocality. It isthe fact that the daily average sun
shine hour at Kuakatais nearly about 6.62 hours®!.
Therefore, energy can be extracted from sunfor only
6.62 hourg/day. During rainy season several consecu-
tive cloudy daysmay appear which enlargethe size of
the battery bank and causing the system very expen-
siveand uneconomic. Conversely, energy might beex-

L] l L l LJ I L ' L
80
é 60 .
g 50 = —-—P\f—battery system -
s A mmeam Wind-battery system .
é a0 k Wind-PV-battery system _|
g o -
N 30 f= -
?;’ E\N\ L
O - = D, -
= 20
11 l 1l l 11 . i . _1
0 2 4 6 8 10
Maximum capacity shortage (%)

Figure7: Theeffect of maximum annual capacity shortage
onLCOE.
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tracted fromwind all over theday and whenitiswork-
ing S multaneoudy among with the solar energy and stor-
agedeviceardiablesupply of eectricity will beestab-
lished. Thiscan reducethe NPC aswell asthe COE
drastically whichisshowninFigure7.

Figure 7 shows that the COE of the PV-battery
system is very high compare to the wind-battery or
wind-PV-battery system. Consequently, the wind-bat-
tery or wind-PV-battery ismorefeasiblethan the PV-
battery system. Onthe contrary, bel ow theload of about
50 kW, awind-battery system ismore economic than
awind-PV-battery system. But beyond this load, a
wind-PV-battery system isan economically feasible
Sysem.

Optimum load size

To find an optimum load sizethe LCOE is used
rather than the NPC as the NPC increases with in-
crease in load size but the LCOE decreases with in-
creaseinload size. A renewable energy based power
plantisnot feasiblefor avery small load size. Starting
from an undersized load, the LCOE isdecreased with

load. Figure 8 shows that the threshold load for the
proposed siteis nearly about 50kWh/d, which indi-
catesthe optimized load must be greater than 5S0k\Wh/
dtobecomeasystem economically feasblesysemwith
an annual capacity of shortage 5%.
é 60 Maximum Annual Capacity
g Shortage is 5%
2us | .
5
s}
§ 30 = \ -
B
3 [ . —
15 L .
] 2 [ M 1 M [ 2
20 40 60 80 100
Primary load (kWh/d)

Figure8: Theeffect of primary load on LCOE.

Excess energy

The excessenergy meanstheadditiona energy that
cannot be used by the system. The systemisconfig-

uredinsuchaway that it can deliver power constantly.
But theload demand isnot fixed and it varieswithtime
and season. Figure 9 showsthat the excessenergy is
lowest for 60 kWh/d load demand. Therefore, itisap-
propriateto servepower for aminimum load szeof 60
kWh/d. Analysis showsthat, in this case, the excess
electricity is 16,629 kWh/yr and 39.6% of the total
production. Againthe excessenergy canbeminimized
by introducing some capacity of shortage. Thisshort-
age will make someload shedding at peak hour and
minimizetheexcessenergy. Thesystemisconfigured
for supplying theload at the peak hour. Therefore, the
excess energy is produced at the off-peak hour and
thisenergy might bedumped dueto lack of demand.

Themain disadvantage of theexcessenergy isthat
it may increase the system size aswell asthe COE.
Thisexcess energy can bereduced by load matching
and/or including some capacity shortage. For thisrea
son, theexcessenergy should beminimized to makean
economicaly feasblesystem.

oL VT T U WVaximum annual capacity i
B3 \ shortage is 5% j
SR -
% . -
2 08 L -
& =3 -
O 07 = -
=]
| -
N o6 b -
E 0.5
o —
Z - j
0_4 'l l '} l 5 l & . ' l i l 'l l & l 'l
10 20 30 40 50 60 70 8 9S50 100
Primary load (kWh/d)

Figure9: Theeffect of primary load on nor malized excess
energy.

Cost analysisfor the optimized system

From theoptimum load sizeanaysis, it isevident
that 60kWh/distheminimum|oad sizewith an annual
capacity shortage of 5% and the wind-PV-battery hy-
brid system isthe most economically feasible option.
The optimal type of system combines PV array of 5
kW and 5 piecesof WES5 Tulipo wind turbines. Be-
sidesthese, 90 pieces of Trojan L16P battery and 15
KW converter are used as storage and conversion de-
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Figure10: Thecash flow summary for theoptimized hybrid
system.
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vices receptively. In this case, the initial capital is
40,33,995Tk and the operating cost is 7,98,960 Tk/
yr. Therefore, thetotal NPC is61,38,614Tk and the
COE is22.43 Tk/kWh considering an annua capacity
shortage of 5%. The cash flow summary of the pro-
posed hybrid systemisillustrated Figure 9. The maxi-
mum cost for such asystemisdueto primary ingdla
tion cost. It isperceptible herethat this system hasno
fuel cost and low maintenance cost. Thereplacement
cost islessthan 50% compared to the primary instal la-
tion charge. Therefore, inthelong runitisan economi-
caly viablesystemif it will not damagephysicaly. The
energy yield from different components of wind-PV-
battery systemwith load size 60kWh/disrevealedin

Figure 11. In such ahybrid system the wind turbine
contribution would be 90% and 10% of the e ectricity
would comefrom PV pands. For amini-off-grid sys-
tem, LCOE decreases as the village size increases.
Comparingtheresultsfor home systemswith different
load sizes suggest that the minimum economical scae
for the mini-off —grid wind-PV-battery system can be
found for load size at |east 25 househol ds (50kWh/d)
and probably higher for the proposed site.

Comparisonwith grid

It isobviousthat a stand-al one renewable energy
based power plant ismore economic thanthegrid ex-
tension in the case of remote of f-grid areabecause ex-
tension of grid isexpensiveand functionsof distance.
But the NPC of ahybrid system is not afunction of
distance. Theinitia capital cost of thegrid extensionis
1,00,030 Tk/km, theannud cost of maintainingthegrid
extensonis20,020 Tk/yr/km (Bangladesh Power Sec-
tor) and the priceof dectricity fromthegridis3.00Tk/
kWh are considered to cal cul ate the break even grid
extension distancewhichisthedistancefromthegrid
which makesthe NPC of extending thegrid equa to
the NPC of the stand-al one system. Figure 12 shows
therelation betweenthe NPC and grid extension dis-
tancefor theoptimized hybrid system. It isevident that
the break-even distanceis about 15 km for ahybrid
system consuming 60kWh load daily. It meansthat the
hybrid systemiseconomically feasiblewhentheloca-
ity is Situated at a distance of about 15 km or more

10

) L L Breai( even'

grid extension distance

oo
I

fo
N

==me= (rid cxtension e
==#== Stand-alone system |

NPC (Tk in million)
||

Maximum capacity
2 shortage is 5% -
0 " [ " [ M [ 2
0 .5 .10 15 20
Grid extension distance (km)

Figure12: Electrification cost for thegrid extension and a
standalonehybrid system.
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fromthegrid. Itisaso noted that thisdistanceismea-
sured if theexisting grid isextended through aflat in-
land area. But in Kuakata, thereare some small rivers
and cannelswhichindicatethat thegrid extensonand
maintenance over ariver isvery costly. Therefore, an
optimized PV-wind-battery hybrid systemwould bea
convenient power extracting system at the proposed
place.

Optimal system type
6.0) LT System types
B wind battery

Wind/PV/battery

Ln
¥

Fixed
1 |’I'1lll.i1_\ load=60kWh/'d
Max. annual
capacity shortage=5%

b
h

Global solar (KW h/m?*/d)

.

4.5 5.0 55 6.0

Wind speed (m/s)
Figure13: Optimized hybrid sysemfor 60kWh/d load and
maximum 5% annual capacity shortage.
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Global solar=4. Skwh/m’/d+
Wind speed=4.5m/s _
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=]
T

LCOE(Tk/kWh)

)
o
)

10 s b o 0 o o 1 o 1 g
0.0 0.3 0.6 0.9 1.2 1.5 1.8

Value realtive to best estimation
Figure14: Sendtivity of LCOE on solar radiation and wind
eed.

TABLE 5: Different sensitivity cases.

Sensitivity Unit (1) @ 3 @) (5 (6
Daily load kwh/d 10 20 45.8 60 80 100
Global Solar 5
Radiation kWh/m/day 4 45 5 55 6 -
Wind Speed m/s 4 45 5 55 6 -
Max. Annual
Capacity Shortage % 02 5 810 -

Sensitivity analysis

A sensitivity variableisaninput variablefor which
multi pleva ueshave been specified. A separate optimi-
zation procedurefor each specified v ueisperformed,
whichiscaled thesenstivity andysis. Sometimesitis
useful to see how theresultsvary with changesinin-
puts, either becausethey are uncertain or becausethey
represent arangeof applications. Theflow of wind and
solar irradiance are not aconstant phenomenaand it
changesevery instant. Therefore, the exact val ues of
wind speed and sol ar radiation might beuncertain. Fur-
thermore, the sengitivity andysis should be considered
for load consumption and maximum annual capacity
shortageto get an economicaly viablesystem. For each
sensitivity case, HOMER searchestheleast cost sys-
temintheir respective search spaceandinthisanalysis
it dmulates10080 individua systemsand 750 sengitiv-
ity casesfor each system configuration. The consid-
ered sengitivity casesareenlisedin TABLEDS.

Theoptimization result intermsof wind speed and
globd solar radiation for agroup of people consuming
50kWh/d with an annual capacity of shortage maxi-
mum 5% capacity shortageisdepictedin Figure 13,
representsaparticular systemisoptimizedfor acertan
combination wind speed and global solar radiation.
Whenthewind speedisabout 4.7 m/sor moreand the
globa solar radiationisabout 4.5 m/sor more, thena
wind-battery systemisfeasible. Otherwise, awind-PV-
battery hybrid system becomeseconomicdly feasible.
Itisworth noting that the configurationsof thefeasible
system dependents on the wind speed.

Figure 14 demonstratesvariation of various sens--
bilitieslikeprimary load, solar radiation wind speed and
capacity shortage. Herethe sengitivity curveof windis
dtiffer thanthat of other variables. It meansthat thewind
speed isstrongly depending on the LCOE compareto
any other variable. In contrast, the contribution of solar
energy hasalittleeffect onthe LCOE.

Pollutant reduction

A hidden cost, which is not taken into consider-
ationwhileusingfossil fuds, ispaid by human beings.
Fossil fuels based plants produce a huge amount of
GHGs. The GHGs emitted per MWh energy produc-
tion from sometypica fuelswhich arefrequently used
in conventional power plantsareshownin TABLE 6
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TABLE 6: GHG emission factor sfor some conventional fuels.

GHG emission

Fuel CO, emission CH, emission N,O emission Fuel conversion T&D factor (t-CO,/
Type factor (Kg/GJ)  factor (Kg/GJ)  factor (kg/GJ) efficiency (%) losses (%) MWh) 2
gl:stural 5.61 0.0030 0.0010 45.0 0.0 0.452
Large
hydro 00.0 0.0000 0.0000 100.0 0.0 0.000
Diesd 74.1 0.0020 0.0020 30.0 0.0 0.897
Electricity mix 0.465
Global warming potential of GHG; 1t CH, =21t CO,; 1t N,O =310t CO,
I Dicsel
I Furnace oil CONCLUSION
= Coal

B Hydro
[ Natural gas

Figurel5: Power generation pattern of thegrid electricity
(FY 2009).

(IPCC, 1996)1*2, The generation pattern of the grid
eectricity (BPDB, 2010) from various sources in
BangladeshisshowninFigure 14.

Figure 15 showsthat the maximum power plantsin
Bangladesh arerun by thefossil fuel for eectricity gen-
eration. Thesetypesof power plantsproduce an enor-
mous amount of GHGslike CO,, N,O, CH, etc. They
haveanegativeimpact onthelower level of theatmo-
sphere. Basically thesetypesof gasesareresponsible
for thegloba warming and theholeintheozonelayer. To
savetheamosphereand prevent the change of climate,
thesetypesof gasesmust becontrolledintheatmosphere.
Inthisstudy, the proposed power plant is100% renew-
able energy based and no way to release GHG to the
atmosphere. The optimum power plant isableto pro-
duce electricity of about 42.03MWh/yr. If the power
plant isreplaced by thegrid connectionwhichisbas -
cally run by the conventiond fuel, around 20t CO, /yr
maly be added to the atmosphere. Therefore, thisenor-
mousamount of CO, might bemitigated fromtheamo-
sphereby using therenewableenergy based power plant.

The study performed the possibility of awind-PV
hybrid system whichis 100% green power plant to meet
the energy demand of arural community consuming
50kWh/dfor at Kuakatain Bangladesh. Throughthis
analysis, we show that a wind-PV-battery off-grid
power plant ismore economic than astand-alonewind
or PV system. Thissystemisfeasibleinthoseremote
areas in Kuakata which are located at a distance of
about 15 km or morefromtheexistinggrid supply. In
the proposed system the energy i sextracted fromwind
1S83% and remaining fromthesolar energy. Greenhouse
gasesemission calculation of the proposed community
showed that about 20t CO, can be mitigate from the
atmosphere. Thisresearchindicatesthat theavailable
renewableresourcesat Kuakataare significant and that
ahybrid power systemwould befeasiblefor thesite.

NOMENCLATURE
AC Alternating current
COE Cost of energy
DC Direct current
GDP Grossdomestic product
GHG Green housegas
LCOE Levelized cost of energy
LGED Loca government and engineering

department

NPC Net present cost
STC Standard test condition
ab Regresson coefficients
c Scd eparameter (m/s)
fpv PV derating factor (%)
f(v) Waebull function
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G, Solar radiationincident onthe PV array
inthecurrent time step (kW/m?)

Grigre Incident radiation at standard test
conditions (KWhm?)

H. Averagecleansky dally radiationona
horizonta surface (KWh/m?)

H, Monthly averagedaily global radiation
(kwh/d)

H, Monthly average of thedaily extra
terrestria radiation (kWh/d)

k Shape parameter

K, Clearnessindex

S Mean monthly averagedaily sun shine
hour (h)

S IMaximum poss blesun shine hour (h)

T, PV cell temperatureinthecurrent time
step (°C)

Torse PV cdll temperature under standard test
conditions(25°C)

Y, Rated capacity of the PV array output
under standard test conditions (kW)

op Temperature coefficient of power (/°C)

r isthegammafunction

0 Hour angle (degree)
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