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For sustainable development of a country accessldotricity in every

moment is now the basic need for the current e&iion. Power crisis is one
of the major barriers for economic development ah@adesh. Bangladesh
lacks in fossil fuel reservation. Abundance of rgakle energy sources in
the form of solar energy, wind energy provides oppaties of renewable

energy based hybrid energy system in the coastdsaof Bnagladesh.
Energy generation by hybrid system reduces therggae cost and will help

in balancing the cost of energy. Again a standaloseewable enegy
incorporated hybrid energy system will reduce lakinand from the grid

and will be an eco-friendly energy system. This graproposed a cost
effective design of standalone solar-wind-diesdbrity power system in a
coastal area of Bangladesh. Considering differentlitions for a coastal

area design and simulation of the hybrid power esystvas performed.

Detailed economic analysis and comparison with rsbsed and diesel
based energy system clearly reveals that propogaddhpower system was
found a cost effective solution for coastal arefdsamgladesh.
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1. INTRODUCTION

Bangladesh is a developing nation with huge pommrabf almost 160 million people with
electricity access rate of about 50%. In the rapglowing economies of the developing countrieg lik
Bangladesh the demand for electricity is considgragreasing. The present demand of energy iaging
day by day due to various reasons such as incgepsipulation, the aspiration for improved livingustlards
and general economic and industrial growth. At @nélectricity demand growth is about 10% which is
expected to be more in coming years. The power ddrivaBangladesh is about 7500MW at this moment,
whereas the generation ranges only 5000- 6000MV¥. imktalled generation capacity is 6693 MW and
derated capacity is 6061 MW. Demand is estimateéxceed 10,000 MW by 2015. So Bangladesh is
experiencing a significant amount of load shadifigain Bangladesh relies heavily on fossil fuels itsr
energy especially on gas resources. Natural gasdd as fuel for 76% of the energy generation. tBet
present proven reserve would be depleted by a deédadund the world coal is still a main fuel foower
generation. Bangladesh has sufficient high qualitgl resources. But the coal mining is at its ahistage.
The exploration of gas and coal continues to renuaicertain. Another important issue is that fofsdl
based power plant is not eco-friendly. Alternativay of energy generation in Bangladsh is the nddiine.
The lack of energy resources can be met by reneveat®rgy which is abundant in nature. Renewableggne
is also considered as green or clean energy, bedadses not produce toxins or pollutants thatremenful
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to the environment. Much of the world today is cering to renewable energy sources as a means of
providing power to homes and businesses in ordéurtction more environmentally friendly and to iz
the unlimited supply of renewable energy. Renewaniergy resources like solar, wind, hydro and tidal
could be utilized in some areas of Bangladeshtaibésh renewable enrgy based power generatioiostat
Bangladesh is situated between 20°34' and 26°3@h ratitudes and 88°01' and 92°41' east
longitudes and the coastal area in the southertngp@angladesh has a huge potential of establisholar
and wind power generation. Kuakata a scenic seehbea the south of Bangladesh situated at 21°4®no
latitudes and 90°7' east longitudes.The total patfmri of Kuakata 174921. The most important atioacof
the beach is that one can see both sunrise andtdom® some of its locations. This sandy beacheddnto
the Bay of Bengal. Other attractions at Kuakatéuihe blue sky, huge expanse of water, the everdrest
in surrounding areas, rows of coconut trees, boatsany different kinds and their colourful saitsd
surfing waves. Kuakata is also a sanctuary for atayy winter birds. And hence Kuakata has become a
popular tourist spot due to its natural beauty.®haual average wind speed is 6.742 m/s at 50m teigh
which is good enough to harness wind energy anddte irradiation is 4.651 kWhffday which is suitable
for setting up solar energy system. An off-grid higlenergy system can be launched to meet enemrid
of this coastal area.
Hybrid energy system with incorporation of reneveabhergy system helps improve load factors
and assist on maintainence and replacement codteanrgy sources can harmonize each other [1], [2
However to construct an optimized hybrid energytays evaluation of the suitable type of and size of
renewable energy system is essential. Effort imdenade to study the viability of renewable energy
incorporated hybrid system as alternative of diegerator [1]-[4]. Wind-diesel hybrid power system
considerably reduce the need for storage of fuel, donsumption cost, and greenhouse gas emissjiga][
Performance analysis of solar-wind-diesel hybrigtegn has been carried out by several researche(9]8
Optimization of sizing of solar-wind hybrid sytenadbeen investigated [10], [11]. This paper disess
different system components of hybrid energy system presents a design of off-grid solar-wind-diese
hybrid power system for Kuakata of Bangladesh. iDmtaeconomic analysis of the proposed systemsis al
carried out to validate the design.

2. RESEARCH METHOD

In this work, an optimal design of a standalonerliylsystem is proposed for a coastal area of
Bangladesh. This system design can be applied Her atoastal areas and also some remote areas of
Bangladesh. At first, Energy resources are analivedind out the most suitable energy resources for
planning a hybrid energy system. Then using the beitable enrgy resources a hybrid energy system i
designed. For the optimal planning of sizing ofafiént components of the system the simulationso
HOMER (Hybrid Optimization Model for Electric Renabies) is employed. HOMER performs the energy
balance calculations for each system configuratian can be considered. The system cost calcutation
done studied which account costs such as capi@acement, operation and maintenance, fuel, ardest.
This economic analysis is carried out to deterntiefeasibility of the proposed system. Comparigith
solar photovoltaic (PV) based other energy systentsdiesel based energy system is studied for rooinfj
the practicability of the proposed system.

2.1 Energy Resources

For a suitability energy system design, energy uesgs selection is vital. Renewable energy can
sometimes be called infinitive energy, becauseliés on energy that is in infinite supply and ¢ no fuel
cost for renewable energy system. Renewable ensrglgo considered as green or clean energy, bedaus
does not produce toxins or pollutants that are harta the environment. In the location of our studind
energy and solar energy is enough for harvestiegetihenewable energys for power egeneration. N&as
is major reserve fossil fuel of Bangladesh. Bugas transmission line is not extended to our stadgtion,
gas can be used as a fuel. Diesel is used asd¢htofipower generation from fossil fuel.

2.1.1 Solar Energy Resourcesin Kuakata

Solar energy is the sun's rays that reach the dmmiing converted to energy through different
processes. Solar can be converted to electrichptd®oltaic systems use solar cells or panels to/ex
sunlight directly into electricity. Solar irradiascmeasure of incoming solar radiation, of Bangthde very
good for the purpose of electricity generation. Thenthly averaged global radiation data has bekenta
from NASA (National Aeronautics and Space Admirgtn) and clearness index is a measure of the
cleaness of the atmosphere has an average valué3¥ for Kuakata. Table 1 shows the clearnessiade
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daily radiation for Kuakata. Figure 1 shows the thbnaveraged values of cleaness index and daily
radiation.

Table 1. Solar irradiation in Kuakata

Month Clearness Index Daily Radiation (kWH/day)
January 0.647 4.67
February 0.607 5.010

March 0.595 5.650

April 0.575 6.030

May 0.499 5.470

June 0.336 3.720

July 0.359 3.940
August 0.377 4.000
September 0.436 4.270
October 0.506 4.350
November 0.611 4.540
December 0.610 4.190
Annual Average 0.499 4.651
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Figure 1. Monthly averaged daily radiation and okss index

2.1.2 Analysisof Wind Data in Kuakata

Kuakata is situated at coastal line along the Baemgal. The areas near the Bay have wind speed
high enough to produce electricity commercially.rdugh the coastal area of Bangladesh the strong
south/south-western monsoon wind come from theamdcean traveling a long distance over the Bay of
Bengal, This wind blows over Bangladesh from Ma!September with a monthly average speed of 3 m/s
to 9 m/s at different heights. According to thed#s of Bangladesh Meteorological Department (BMD),
wind speed is high in Bangladesh during the Mong@omonths, March—September). In rest of the months
(October —February) wind speed remains either aalrtoo low. The peak wind speed occurs during the
month of April and May. The wind speed data at Katakis recorded at 50 m height. Table.1 shows the
monthly average wind speed around the year at Kaaka

Wind energy is the kinetic energy of the moving mass. The poweR, in watts, possessed by
wind blowing with a speed of, in meter per second (m/s), is directly propotidio the area swept by rotor
and to the cube of the wind speed, and is given by,

P=%.p0.AV? 1)

where, A is the area perpendicular to the direction of figw), p is density of air, kg/f) is approximately
1.2 kg/nf. Only a part of the total available power calcetaby equation (1) can be extracted and is given
by,

Optimal Planning of Standalone Solar-Wind-DiesebHy Energy System for a Coastal ... (Ahmed Zubair)



734 O ISSN: 2088-8708

P=%pAV3C, 2)

C, is the power coefficient [12] is the ratio of powetracted by a wind turbine to power availablevind
at that location. A theoretical maximum of 59.3% adfailable power cane extracted; i.eC, is 0.593.
Practically a typical maximum of 40% is achieva
The Weibull value, k which is a measure of disttibn of wind speed over the year is taken as

[13]. The autocorrelation factor measures the ramukess of the wind. Igher values indicate that the wi
speed in 1 h tends to depend strongly on the wieed in the previous hour. Lower values mean tha
wind speed tends to fluctuate in a more randomidastiom hour to hour. The autocorrelation factaftue is
takenas 0.85. The diurnal pattern strength is the nreastihow strongly the wind speed depends or
time of the day. In this study, 0.25 is used. Tharlof peak wind speed is simply the time of daydteto be
windiest on an average throughout the yin this study, 15 hours are used as the hour df pérad speec

Table 2.Wind speed at 50 m height in Kuak
Month Wind Speed (m/: ,
January 5.80 F @ - E— *i
February 5.50 37 . 3 PV Arrav
March 770 ! md Primary Load AAITE]
April 8.30 Turbine
May 7.90
June 6.90
July 770 e L
August 7.50 ; — -—
S epimber 6.90 Diesel Converter Battery
October 6.30 Generator
November 5.50
DC Bus
December 4.80 AL Bus
Annual Average 6.742

Figure 2.Single line Diagram of hybrid eneq
systen

2.2 Design of Hybrid Energy System

A hybrid power system for Kuakata is desgined whdiesel generator has been combined
wind and solar power generation. Diesel generatar heen hosen for its operating feasibility, low co
quick start and small size. It has good thermal a&hettrical efficiency. Moreover it has low fL
consumption and good load support. But only diggterator is not cost effective to meet the cur
electrical demand. A solavind-diesel hybrid system can be a cost effective smutFigure 2 shows tt
diagram of the hybrid system.

2.2.1 Electricity Demand Profile

In this study, after doinqecessary survey per capita power consumptionssnasd about 30
kWhr per annum for analyzing the electrical demfordKuakata. According to annual report of Bangktt
Power Development Board (BPDB), per capiata povearegation is 212 kWhr. The daiload profile for
summer season is as shown in the Fi 3. Figure 4shows the daily load profile on a day of winters®a
Randomness of the daily consumption is kept as 1&9d. variability of hour to hour is considered @2
Taking all factors in casideration, energy demand per day is 119.4 MWhr amtlial Peak load is tak
19.391 MW.

2.2.2 Wind Turbine

Average wind velocity at 50m height is 6.742 m/skinakata. But at winter, wind velocity go
below the average wind velocity. High capacity windbines has c-in speed of more than 4 m/s. Enert
E33 wind turbine is a suitable choice for low wisged as its cuin speed is 3 m/s. The irregularity of wi
speed does not affect its function as its rotatispaed can varbetween 18 to 45 rpi It has a rated capacity
of 330 kW. The installation cost for Enercon E38 (B height tower) is $ 500000. It operates at 3ph#LE
Volt AC 50 Hz that is suitable for Bangladesh.da direct drive machine with no g-box means reduced
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maintenance, reduced noise and increased relialfldnsidering the above factors, Enercon E33 merbias
been chosen for the hybrid system. Figure 5 shawisrercon E33 wind turbine.

12.000 Daily Profile 10,000 Daily Profile
8,000
— 9,000 =
§ E 8,000
T 6,000 T
g 3 4,000
3,000 2,000
il 0
0 ] 12 18 24 ] [i] 12 18 24
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Figure 3. Load Profile of a day in Summer Season Figure 4. Load Profile of a day in Winter Season

Table 3. Optimum system architecture of Solar-
Wind-Diesel Hybrid system

i
System Component Size
PV 5000 kW
Wind Turbine 9900 kW
Diesel Generetor 10000 kW
Battery 7500 unit
Converter 5000 kW

Figure 5. Enercon E33 Wind turbine

2.2.3 Solar Photovoltaic Panel
The cost of PV module including installation hasfeconsidered as $ 7278. Life time of the

modules has been taken as 25 years. 6.9 kW PV e®d8unmodule SW 230 POLY V2.0 PALLET, are
considered.PV modules output is DC and is connettddiC bus. The derating factor of the PV modutes i
80% and no tracking system is kept with the PV nheslu

2.2.4 Diesel Generator
Diesel generators operate in parallel with the wimdbine and solar enrgy system to increase the

maintenance flexibility, efficiency and distributee electric load more optimally. Capital cost fer MW of
diesel generator is considered $ 180000. Minimuf Dd the load will be supplied by this generator.

2.25 Battery
Surrette 6CS25P battery is used for design ofnflerid system. This battery has energy storage
capacity of 6.94 kWhr. The cost of a battery issidared to be $ 1000.

2.2.6 Converter
A converter can convert from AC to DC and DC t€.AConverter capital cost is considered $ 95

per kW. Inverter efficiency is taken 90% and reetiefficiency is considered 85%.
2.2.7 Ecomomicsand Constraints

The energy system that is desgined in this workalsasmed to have 25 years. Annal interest rate
is considered 10%. The constraint that is appBesDi%e of the load should be from the renewableyenrg

3. RESULTSAND ANALYSIS
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Simulation software HOMER is used for optimal plamgnand simulation of the hybrid system.
After optimal planning the design components sieneasured. The system components and their size fo
optimal design are shown in table 3. Figure 6 shoargribution from different source in the powepply.
Solar PV energy supplies 14% of load demand, wimet@y contribute 55% of demand and rest demand is
fulfilled from diesel generator.

Monthly Average Electric Production
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Figure 6. Monthly average electricity production

3.1 Economic Analysis

HOMER analyses the system according to the CoR @foslectricity) of the system. Other factors
which influence the analysis are capital cost, afieg cost, renewable energy factor, total NPC ({etent
cost) and diesel consumption rate. Table 4 showes dhpital cost, replacement cost, operation amd
maintanace cost and Fuel cost of different systemponents of the system. Figure 7 shows the cash fl
summary of the optimized system.

Table 4. Net annualized cost of the Optimum SolandADiesel Hybrid system

System . Operation &
Component Capital cost ($) Replacement Cost ($) Maintanance Cost () Fuel Cost ($) Total Cost ($)
PV 5,273,913 0 6,578 0 5,280,492
Wind Turbine 15,000,000 0 272,311 0 15,272,310
Diesel Generetor 1,800,000 0 235,413 28,722,770 728(R86
Battery 7,500,000 1,575,586 68,078 0 8,826,395
Converter 475,000 0 453,852 0 928,852
Others 8,000 0 4,539 0 12,539
35,000,000 Cash Flow Summary o
== Enercon E33 (Wind Turbine)
30,000,000 == Cummins (Diesel Generator)
== Surrette BCS25P (Battery)
& 25,000,000 = Converter
- Other
%
& 20,000,000
=
-
E 15,000,000
-
E 10,000,000
5,000,000 }—
b ]

PV E33 DG S8C528P Converter Other

Figure 7. Cash flow summary of the Hybrid system
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The hybrid energy system has a net present cabt6df,040,872. The operating cost per year is $
3,413,444, Cost of energy is found $ 0.156/kWhntalT®ad that is supplied by the system is 43,089,8
kWhr per year.

3.2 Comparative Study

Table 5 shows a comparative study of proposed gnsytem with other energy system for
Kuakata. The simulation results clearly reveal g@ar-wind-diesel hybrid system is the most cdfgotive
offgrid power system.

Table 5. Cost Comparision with other energy system

Energy System Net Present Cost ($)Fu?!$§:ost Ccz;}lf)\}‘vlﬁgrgy
Solar-Wind-Diesel 61,040,872 28,722,770 0.156
Solar-Diesel 79,820,360 56,301,400 0.202
Solar 107,487,700 0 1.07
Diesel 99,138,145 92,654,097 0.252

3.3 Environmental Effects

The proposed Solar-wind-diesel hybrid system reglgzes emission by a significant amount due to
reduced fuel consumption. This reduction in gassein is determined using HOMER software. In this
system carbon dioxide emission rate is 12,254,@fgrkcarbon monoxide emission rate is 30,247 kghgt
sulfer dioxide emission rate is 24,608 kg/yr. Tmeission for this system has been decresed by 68eper
from the diesel based energy sytem.

4. CONCLUSION

In the modern civilization electricity has becomeemf a basic need. Severe scarcity of power in
Bangladesh has become a threat to the economicelagenent. In the coastal areas where grid conordsi
not feasible or grid extension is not availabléermlate electric sources like wind and solar PV lbarthe
potential solutions. Though renewable energy systechnologies already exist but only one renewable
enegy based system can not supply entire load odfiaancially less viable. Stanaolne solar-windse|
hybrid energy system can be cost effective solutiorthe coastal regions of Bangladesh where rebwwva
energy is abundant. It also will reduce pressurgrish Moreover this hybrid system reduces the sioisof
gases and help to trim down the environmental fiotu
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