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Abstract: The problem of providing energy to remotely locasygtems is a serious concern for the telecom tngus
specially powering the mobile telephony towers urat areas, which lacks quality grid power supflge feasible solution
looks to be in the form of omnipresent and tecHhjicaable alternative renewable energy based stdade hybrid system. In
order to meet sustained load demands during vanyatgral conditions, different energy sources amverters need to be
integrated with each other. This paper presentsexpibres the possibility of putting hybrid energystem for powering
cellular mobile base station sites. Looking at &mdiveather conditions, the most feasible configomais the stand alone
PV/Wind Hybrid Energy System with diesel generatsra backup for cellular mobile telephony baseostaite. This system
will be more cost effective and environmental fdgnover the conventional diesel generator basetesys in near future.

Keywords. Hybrid Energy Systems, Mobile Telephony Base Statwind Turbine, PV-Solar, Optimization

maintenance and manual interference for operafibe. use

of the stand-alone solar-wind with diesel backustemy
[6]for the power supply of remote areas gives an
economically attractive alternative for mobile talen sector
over the use of conventional diesel generatorsear future.
This paper gives the design idea of wind, solart@aitaic
hybrid energy system.

1. Introduction

Obtaining reliable and cost effective power solusidor
the worldwide expansion of telecommunications intoal
and remote areas presents a very challenging prolkids
are either not available or their extensions cameXteemely
costly in remote area. Although initial costs armw,l
powering these sites with generators require digant

maintenance, high fuel consumption and deliverytcadsie -E:Je.ri}:o:r:e:‘
to hike in fuel prices. The present work explorde t E Wind energy #
possibility of putting HES for powering mobile tplone " Solarenergy 5
towers in India. A sustainable alternative [2] towgr remote E Hydro energy # Power Cellular
base station sites is to use renewable energy emuRecent i Bomas o Conditioning e
research and development of Renewable energy sohase ., Taal _: gpbon
shown excellent potential as a form of contributitm I Disd %
conventional power generation systems. In ordemtet poomemer d
sustained load demands of mobile base station gluernying R

| Power Conditioning Unit |

natural conditions, different energy sources andveders v

need to be integrated with each other for extengssdje of

alternative energy [1]. CHARGE coverer | [controLLER
. . . CONTROLLER
For Indian remote location, one of the best altévha I—I

solutions of renewable energy sources [3] shalivivel-solar
Hybrid Energy System [7] for mobile base statiohisTwill
ensure reliable, uninterrupted, quality power witmast

Fig. 1. Block Diagram of Hybrid Energy Sysem for Cellular Mobile
Telephony Base Sation Site.
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Based on the energy consumption of mobile bas@stat module are efficient and give more power then mono
and the availability of renewable energy sourcéswas crystalline type photovoltaic module.
decided to implement an innovative stand alond, resihnt
Hybrid Energy System[4] combining small wind turdin
generator, solar photo-voltaic panels, battery agter
advance power electronic equipment and existingsedlie
generator as a backup. The system architectureogegblin
the hybrid system is AC-coupled where the renewahkrgy
sources and the conventional diesel generatorieed into
the AC side of the network as shown in Fig.1.

The availability of renewable energy resources ]
mobile base station sites is an important factateteelop the
hybrid system. Many parts of the India wind andas@nergy

are abundantly available. These energy sources are Fig. 2(b). Solar Module

intermittent and naturally available; due to thésetors our ) ) o )
first choice to power the mobile base station vk The ideal equivalent circuit of a solar cell cotsisf a
renewable energy sources such as wind and solar [8] current source in parallel with a diode. The outiguinals

of the circuit are connected to the load. Idedllg toltage
current equation of the solar cell [1] is given by:

2. Hybrid System Components

avpv
2.1. PV Energy Conversion Systems | o = | 0 | . (e KT —1] 1)
The PV energy conversion systems are the combimafio
solar-PV module, power electronic interface and DC- Where:
converters for maximum power extraction from SuteT  |ph = Photo current (A);
photovoltaic panels are the principal componentdavert I, = Diode reverse saturation current (A);

solar energy into electrical energy. The solar petiduced q = Electron charge = 1.6X10-19 (C);

direct current, so when they are used for A.C. Jdlagly must k = Boltzman constant = 1.38X10-23 (J/K);
be linked by an inverter to convert the DC-AC. $dCzll T = Cell temperature (K)

could be electrically connected together to form a The power output of a solar cell is given by
photovoltaic module, and several module could be& pu
together to form arrays. Fig.2(a) shows the basicsire of Py =Vey * lpy )
a typical solar energy conversion system.

In this present work, the solar photovoltaic modide Where:
manufactured by TATA-BP solar, India are used .@eéail Ipy = Output current of solar cell (A).;

specification of solar PV module is given here adar Vpy = Solar cell operating voltage (V).
Ppv =Output power of solar cell (W).

The power-voltage (P-V) characteristic of a phottaio
5{“?"\!\‘ module operating at a standard irradiance of 100@A%nd
§ %

temperature of 25degree Celsius [6] shown in Fig.3.
W .. =
Charge DC-DC DC

PV || controller || Converter [ ,| Load
Array

Fig. 2(a). Solar photovoltaic energy conversion system

Two types of Solar PV modules are used for desgttie
hybrid energy system. Here the detail specificatiare taken
for 38 W and 75 W PV module, that is manufacturge b
M/s- TATA BP solar INDIA [9]

1) 38 W, 17.7Volt 2.2Amp at 25degree Celsius and
1000W/nf

2) 75 W, 17.7Volt, 4.44 Amp at 25degree Celsius and
1000W/nf

Multi-crystalline type phovoltaic module is shownkig.2
(b), each module having 36 cells. These types dérso

Curent [i]

Fig. 3(i). I-V Characteristics of PV Module.
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Fig. 3(ii). P-V Characteristics of PV Module

2.2. Wind Energy Conversion System (WECS)

The wind energy conversion system consists of a
horizontal axis wind turbine coupled to a permaneagnet
synchronous generator. An AC-DC power electronics
interface with diode bridge rectifier and DC-DCngerter
are used to track and extract maximum power availftbm
wind energy conversion system for a given windogiy
and deliver this power to base transceiver stdtiaa. The
concept block diagram of wind energy conversiortesysis
shown in Fig.4

Tovib e powerFm

Power
electronic
Wind interface

(Rectifier
and DC/DC
Converter)

Turbine

oPpOr

DCBus

Fig. 4. Wind energy conversion system

A=wR IV )

equation (5 ), R and v are the turbine rotoreshe

“rad/s”, radius of the turbine blade in “m”, andndispeed in
“‘m/s’

' respectively. Wind power curves are showirig.5.

5 10 15
wind speed-m/s

>

Fig. 5(i). PDF Distribution of Wind Speed

wihdspeedmi

Fig. 5(ii). Wind Turbine Power Curve

2.3. Diesel Generator

The wind Turbine is characterized by non- dimenzion

performance as a function of tip speed ratio. dagut of If the load required are not met by either renewadslergy
mechanical power captured from wind by a wind tuebj7]  system or by batteries (due to state of charge)) the load
can be formulated as: requirements are met by operating diesel genematdRES.

The choice of diesel generator depends on typenahde of

P.=-(CprpAVY/2

) the load. To determine rated capacity of the engamerator

And Torque developed by wind turbine can be exgréss to be installed, following two cases should be @ered:

as 1
Tt=Ptom (4)

2
Where:

P, =Output power;

T, =torque developed by wind turbine,

C, =Power co-efficient, 3
A=Tip speed ratio

If the diesel generator is directly connected ® Itad,
then the rated capacity of the generator must feaat
equal to the maximum load and

If the diesel generator is used as a battery chattgen

the current produced by the generator should not be
greater than &/5 A, where G, is the ampere hour
capacity of the battery.

Overall efficiency of the diesel generator is gil®n

p=Ail‘ denSity in Kg/m3, ) 1) overall = 1] break thermal X 1] break generator
A=Frontal area of wind turbine; . . .
V=wind speed Wherey peakthermar 1S brake thermal efficiency of diesel

Where engine. Normally diesel generators are modelledthie
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control of the hybrid power system in order to a®ki to ac voltages with IGBT PWM inverters are consider
required autonomy. It is observed that if the gaefwris Since these inverters have the same fixed DC inpoth are
operated at 70-90% of full load then it is econahitn the  control to produce three-phase ac output voltagle specific
absence of peak demand, diesel generators are lhoused  amplitude and frequency using an Appropriate PWM
for meeting load requirements and for battery cingrg generator, which provides gate signals.

Diesel engines drive synchronous generator, which a Tpe parameters used in the voltage equations of the
equipped with governors and automatic voltage egul inverter are as follows:

m- Modulation index

Vyc -dc input voltage of the inverter [V]

The inverter is built with the IGBT/Diode block vahi is V .| -Line-to-line output voltage of the inverter [Vh |
the basic building block of all Voltage Source Certers. PWM inverters, the amplitude of the output ac \gdtas a
The IGBT/Diode block is a simplified model of anBG or  function of the dc input voltage and modulationerdThe
Diode pair where the forward voltages of the forcedline-to-line output voltage of such an inverter che
commutated device and diode are ignored. Voltageceo expressed as
inverter is controlled in open loop with the DiserdPWM
Generator block available in the Extras/Discretent@u Vi = \/_m://“_c (6)
Blocks library. Start the simulation, after a triemsé period of 2
approximately 50 ms, the system reaches a steag.st The inverter output voltage and current are showFig. 6
Observe voltage waveforms at DC bus, inverter dumal  (3) and (b).from the result, the maximum inverteitage

load on response. 400volts and current 80 Amp.
The above mentioned two fixed dc voltages are adese

2.4. Inverter

Output Voltage
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Fig. 6(b). Output current of Inverter
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The inverter converts the 24VDC battery voltage to Where capacity is the nominal capacity in Ahr &fdycle)
230VAC 50Hz supply. The output power rating of theand fy(temp) are cycle number and temperature and
inverter is 1000 VA. A battery bank is used as akbp dependent correction factors, respectively. Fors thi
system and it also maintains constant voltage adfasload. stimulation model, thé,(cycle) andf,(temp) are set to one,
The battery pack consists of six (6) 12V, 75 Ahtdr@s and the battery capacity is set to 22Ahr.
connected in series/ parallel configuration, thpaeallel sets The open circuit voltage 3¢ is set to different capacity
of two batteries in series. This configuration pdes 24V, levels.
140Ah. The batteries can be discharged up to 80%.

VOC(SOC)=-1.O31e'3SSOC+ 3.685 + 0.2156S0C - 0.1178S0C? + 0.3201S0C® (8)
2.5. Battery Bank
All the extracted RC parameters are constants droun
The battery model that we used was capable of rindel 20%-100% SOC and vary exponentially surrounded %y 0O
the steady state and the dynamic behaviour of #itey. 20% SOC caused by the electrochemical reactionéntie
The battery modelled by two circuit diagrams whiate battery.
coupled via a current controlled current source anltage

controlled voltage source as shown in the Fig.7.

3. Load Pattern for M obile Telephony

g SV Base Station
A [y I
Coups Iar, Voo s o For pre-feasibility study of designing the solandinybrid
Vo system the % Generation GSM [14] base station is
° considered. The telecom companies [12] [13] [15rafing

in India consider the energy load requirement tadestant
for entire year and through out the day of opematido

The state of charge (SOC) of the battery is repeseby establish the_ sanctity of this assumption, thedldBB type
a large capacitor in the left hand side circui thodel of the POWer quality analyzer is used to measure the power
transient behaviour and voltage current relatiqnssfi the ~CONSUmMption of the base telephony station (BTSgsefdata
battery was represented by two RC circuits andeseri9\VeS the actual load _demand of particular b_as'aaoatame
resistance on the right hand side of the diagram. 3|mu|ate_d for the entire year. The assumption @ﬁctﬂn

Cr. and R, are the capacitance and resistance in the lorfgMpPanies are found to be accurate, as there is loer
transient RC circuit, & and Rs are the capacitance and variation in the energy load requ_lrements o_fa BT®ss the
resistance in the short transient RC circuit,iRthe series 9aY- Here, the power consumption of mobile telephloase
resistanceg is the nonlinear SOC function. The inpvis the ~ Station is taken from BSNL (Bharat Sanchar Nigamited)
current entering the battery, and the outpis the voltage "dia at Vaishali Nagar, Bhopal. The load pattefnbase
across the battery terminals. station is shown in Fig.8 (a) and the correspondioljage

All the parameters in the model are multivariabiections 21d current variation are Ehowndln Fig.8 (b). thverage
of SOC, current, cycle, temperature and number lpan POWET consumption is 2.53kW, and maximum is 2.7 3w

Fig. 7. Equivalent circuit of battery

calculated by the following equation: minimum is 2.33 kW. The per day power consumptisn i
' 52kWh/d and 2.33 kW peak. The corresponding voltaug
Coap = 3600 * Capacity * f (Cycle) * f (temp) (7) current are 560 Volts and 7.4 Amperes peak respmyti

1 Laad pattern of mobile telephony station [BTS)
2490 N e e e B e AN m s o s s s ey e s e s B e N

Datablock
Name  =Record 1
Date  =11/5/2008
Time  =1244:48 AM
¥ Scale =200 W/Div
Y AE0% = 240Kw
#ocale = 5 mDiv
®a0% = 000000
X Sze  =240(240)
Marimum = 273 ki
Minimum = 233 kW
Cursor Yalues
®1: 000800 (00:52:48)
%20 002352 (01:08:40)
di: 0015352
T1: 286 257 253kwW
T2 242 244 243kW
d¥: 013 013 011 kW

210

.40

00:00:00 5 m/Div

Fig. 8(a). Load Pattern of Mobile Telephony Base Sation taken on11/5/2008
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D atablock
Mame  =Voltage Curent
Date  =11/11/2008  [11/11/2008
Time  =226:204M 2.26:20 AW
Yocale = 400 WD |10 ADw
TaElz= 0V noa
®Gcale = BZ2meDiv| B8.2ms/Div

B 200 !

Walkage 2

401100

x A0k 164 ms 164 ms
WGze =250(253)  |250(253]
Makimum= 565V 744
o oo Mirimum < 600 Y | 744
Cursor Valuas
x1: 39ms
w2 4B3ms
4m 100 d¥: 413ms
Y1: B3 @V
Y2 48 B3
dy: 2 Hv
&0 200
164 me 8.2 ma/Div
Fig. 8(b). Current and Voltage of Mobile Telephony Base Station taken on11/11/2008.
. (3), diesel price (2), hub height (2), PV cost nipliker (2),
4. Study Resultsfor M obile Telephony XLR wind turbine cost multiplier (2), battery bargost
Base Station multiplier (2), interest rates (2)) were testedwétach of the
system configurations. Totally 43,200 systems were
4.1. Optimization Results simulated for 192 cases and nearly million altevest were
examined.

For the analysis of this hybrid system considereghr
sensitivity variables (wind speed, solar irradiafifuel cost).

For each of the sensitivity values HOMER [11] siatelall  5\er solutions for telecom base station networknitian

the systems in their respective search space. Alyibme  gjios Considering present cost analysis of a PViybrid

series simulation for every possible system typal angysiem js suitable for stand-alone loads aroundpBhdor
configuration is done for a 1-year period. An oiraystem iven sensitivity variable the best optimizatiodusion are

is defined as a solution for hybrid system confegian that  given in tabular form is shown in Fig.9. From these
is capable of meeting the load demand of telephomse ntimization results the best optimal combinatidrenergy

station. o _ _ o system components are one 7.5kW BWC-Excel-R/48\5 k
HOMER eliminates all infeasible combinations andksa PV-Array and 3.5 kW diesel Generator. Total netspnt
the feasible systems according to increasing resemt cost. ¢t (NPC), Capital cost and cost of energy (CQEXfich a

It also allows a number of parameters to be diguaggainst system is Rs.52,01,382, Rs.12,80,250 and 35Rs./kWh
the sensitivity variables for identifying an optimsystem | oghectively for one yéar. ’ T '

type. A total of 192 sensitivity cases (productwind speed

From the study results, the installation of winthstybrid
system configuration for various locations are nsstable

Sensitivity Results  Optimization Results |
Sensitivity variables
‘wiind Speed [m/s] |6 ~ | Diesel Price Rl Py Capital Muliplier |0.85  *| LR Capital Multiplier | 0.85 -
¥LR Hub Height [m] |50 ¥ | Battery Bank Capital Multiplier |0.85 = | Interest Rate [%]|6.5 A
Dauble click on a system below for simulation results. " Categorized & Overall  Export.. | Details..
’A\@‘@ P |=<LR| Genl|3atter.. | Corm. Initilal | Operating Tatal COE | Ren. |Capacity| Diesel Genl
(k] [khad] kK] | Capitalps Cost Refyr MWPC Rz |r =i h| Frac, |Shotage L] [hrs]
MEEE 5 1 35 16 35 17s010 1280280 5201382 sson 081 000 1556 1,856
: 5 1 35 16 50 1812345 1378258 5292245 3845 089 000 1556 1856
8 1 35 16 35 2243565 4185324 7476165 9955 03 000 1409 1.750
8 1 35 16 50 2345454 4193567 7540213 :?ig 09l 000 1409 1,750
5 1 35 B 35 1634579 4234456 7970840 0 086 000 2118 279
&) e 5 1 35 g 50 1724574 4567789 8023343 o0 (ER 0.00 218 2795
T L EBE 5 1 50 16 35 1634575 4589345 8113324 4454 089 000 1815 1815
F s 5 1 &0 16 50 2122333 4500456 S345567 4512 g 000 1815 1815
L 801 35 8 35 2uu0n 9598765 863452 R ngy gm0 13 259
F A 8 1 35 B 50 2000345 4500456 677583 ..o 083 000 1964 2589
s ) 8 1 50 16 35 2267010 4656789 Q034567 4per 091 000 1671 1721
= e 8 1 B0 16 50 231560 S4S67683 gagsser 4957 091 000 1671 1721
A 5 1 50 B 35 1534743 S667.345 9843226 067 g po0 2541 2795
A3 B 1 50 8 D 159674 S3ETavE 10234303 SO0 085 00D 2541 275
ol Ny B 1 50 B 35 2098233 G64T545 10310570 ., e 088 000 235 2589
T LisE 5 1 B0 B 50 2109333 ET45678103118236 see7r 088 000 2355 2589

Fig. 9. Optimization results of Wind-Solar-Diesel Generator hybrid energy system.
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4.2. Simulation Results 5. Conclusion

In this simulation results eliminates all infeasibl
combinations and ranks the feasible systems aawprth
increasing net present cost. It also allows a nuntfe
parameters to be display against the sensitivitiakites for
identifying an optimal system type. The Monthly Asge
Electricity Production of Hybrid Energy System fiamobile
telephony base station is shown in Fig.10(b). thestb
architecture of the system is the combination aV8RV, one
set of 7.5kW- BWC Excel-R wind turbine generatet, 8.5
kW of generator, a set of battery-bank and 3.5kWetter.
The simulation results for the best optimal combora of
system components are shown in Fig.10(a). The rmestept
cost is Rs.52,01,382, operating cost of the hybyistem is

Rs.12,80,250 /yr and cost of energy is about Rs/kgéh, investment to hybrid solar-wind powered base stasites

The total production of electrical energy is thenbination are continuously decreasing. Considering operatig and

of energy produced by PV, wind and generator A fhaintenance cost, an autonomous site powered by sailar
46%,41%,13% respectively. The detail Annual elettri ' P

i . ) . hybrid system pay-off after 2-4 years in a goodnsuand
production by different hybrid system componentstiswn windy location. The Base stations powered by tHarsweind

Alternate power solutions are not commonly use abite
telecommunication system today but are activelyluatad
for remote and isolated areas over worldwide. The
circumstance of each site was studied in orderede the
feasible combination of alternative energy resosird#’ith
the help of above study the solar and wind hybndrgy
system are most viable power solution for mobileseba
station in Indian sites over conventional diesehegator
Although the net present cost is high but the mgrand
maintenance cost are low as compare the dieselrajene
power solution.

The fuel consumption is also reduces to approximate
80%.with increasing oil prices, payback times ore th

in Table 1. hybrid energy system with diesel backup are protmdpe
Table. 1. Electricity production the most environmentally friendly and cost-effeetiv
solutions for many challenging sites. Operating and
Hybrid systemresources  kWh/year  Electricity production in % maintenance costs are extremely low, making it eoucal
PV —solar 8,518 46 to extend cellular coverage in far-flung regionsla® and
Wind Turbine 25 465 41 wind-powered sites benefit the environment as wak to
DG set 3,677 13 reduced emission, whether they are located in highl

populated or remote areas. Thus powering the lasersby
hybrid renewable energy systems shall reduce th®naand

— Cash Flow Sunina N other harmful gases (Produce of fuel combustiorisgion in
by environment, by about 90% over the conventionalsBlie
o (EMNEFHON
— baery-tark Generator powered system

2700000 = Converter . - .
In India more than 1.5 billion peoples are mobiemuand

this number is growing rapidly every day. To pravidetter
network services mobile operators have installed mobile
base stations. Uninterrupted, quality and religddeer with
— least manual interference is a main concern forotenor
isolated base stations, because grid extensiootiavailable
or feasible. In these sites the above proposedvarie base
hybrid system is the most viable solutioFhis solution of
Fig. 10(a). Annual cost of different sources power supply to the telecom base station is cdettfe and
available throughout the year.

1800000

Met present cost in Rs

Converter
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