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Abstract: This paper presents viability study of renewable power system for telecommunication 
applications. Rapid depletion of fossil fuel resources necessitated research on alternative energy 
sources. A solar, wind or integrated system is a reliable alternative energy source because it uses 
natural source like solar radiation, wind velocity to generate electric supply to the load. So many 
methods are available to get Maximum power from the source.  Incremental Conductance Maximum 
Power Point Tracking is proposed in this paper for solar power system to provide a constant voltage 
with the help of DC-DC Single-Ended Primary-Inductance Converter. Absence of telecommunication 
devices per day is unimaginable in current trend. Main objective of this paper is to supply 
uninterruptible power for telecommunication loads from standalone solar-Diesel integrated power 
system with efficient energy storage system. Embedded based Effective Energy Management 
Controller is proposed to monitor the power from main resources and load demand continuously and to 
control whole integrated power system. It provides uninterrupted power, effective utilization of 
sources, improves life time of battery and minimizes usage of diesel.  The whole system is analyzed 
using MATLAB / SIMULINK.  
 
Key words: Solar Integrated power system (SIPS), Maximum Power Point Tracking (MPPT), Single-

Ended Primary-Inductance Converter (SEPIC), Embedded Based Energy Management 
Controller (EEMC) and Storage System (SS). 

 
INTRODUCTION 

 
Solar energy and wind energy have been deemed clean, inexhaustible, unlimited, and environmental 

friendly. Such characteristics have attracted the energy sector to use renewable energy sources on a larger scale. 
With the use of renewable energy based system the emission of carbon and other harmful gases are reduced to 
approximately 80% to 90% in environments. However, all renewable energy sources have drawbacks. Wind and 
solar sources aer dependent on unpredictable factors such as weather and climatic conditions. Due to both 
sources complementary nature (Li Wang-2007), some of these problems can be overcome by the weaknesses of 
one with the strengths of the other (Joanne Hui- et al.,-2010) for decreasing the depletion rate of fossil fuels, as 
well as supplying energy to remote rural areas, without harming the environment. Distributed Generation 
technologies are used both in stand-alone mode as well as in grid parallel mode.  In this paper stand alone solar-
battery-diesel integrated power system (IPS) supplies telecommunication load (E.F.F.Riberio, et al., 2009). 
India is the leading country in Asia and one of the leading countries in the world in generating electric power 
through renewable energy sources. In wind power generation India retained its position in top five in the world 
ranking. Installed capacity of wind power in the world ranking is shown in Fig.1 India will install 30 GW of 
Renewable power by 2017.Tamil Nadu is one of the wind power hubs of India and South Asia. Tamil Nadu 
generates 40% of India’s wind power. An average power generation, during the peak wind season (May-
September) the state gets an average of 2,500MW, the generation goes as high as 4000-MW. Installed capacity 
of renewable power and especially wind power in India and Tamil Nadu state is shown in Fig.1 with the use of 
renewable energy based system the emission of carbon and other harmful gases are reduced to approximately 
80% to 90% in environments. However all renewable energy sources have drawbacks. Wind and solar sources is 
dependent on unpredictable factors such as weather and climatic conditions. Due to both sources’ 
complementary nature, some of these problems can be overcome by the weakness of one with the strengths of 
the other. In this paper solar power system is integrated with battery-diesel generator-dump load, generally 
called as Integrated Power System(IPS), other than this combination so many hybrid systems are implemented 
with different renewable source combinations (Rabesh Abbaessi, et al., 2012) for different applications (Joanne 
Hui, et al., 2010). 
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Fig. 1: Power Generation in India & Tamil Nadu 
 
India's Installed Power Generation capacity touches 2,10,544 MW. Renewable Energy Contribution reaches 

12.45 %.The amount of solar energy produced in India in 2007 was less than 1 % of the total energy demand. 
The grid –interactive solar power as of December2010 was merely 10 MW. By July 2012 the installed grid 
connected Photovoltaic’s had increased to 1040.67 MW, and India expects to install an additional 10,000 MW 
by 2017, and a total of 20,000 MW by 2022. Fig: 1 shows the status of Power generation in India and Tamil 
Nadu. India will install 30 GW of Renewable power by 2017 .In India, the power industry is huge. India is the 
world’s sixth –largest consumer of power .it consumes about 3.5 % of the total power consumption in the world. 
The Central Ministry of Power is the main authority responsible for the overall development of electric energy. 
The global population has crosses 7 Billion on October 31, 2011 in the rate of one birth every 8 seconds is 
currently growing at a rate of around 1.17% per year, during the twentieth century alone ,the population in the 
world has grown from 1.65 billion to 6 billion and it is projected to reach 8 Billion by 2025 Top ten most 
populated countries are1. China (1,349,585,838), India (1,220,800,359), 3.USA (316,668,567), 4.Indonesia 
(251,160,124),5.Brazil(201,009,622),6.Pakistan(193,238,868),7.Nigeria(174,507,539),8.Bangladesh(163,654,86
0),9.Rusia(142,500,482), 10.Japan (127,253,075).  

Telecommunication industry is one of the fastest growing industries in the world. Absence of 
telecommunication devices and its usage in any kind of mode per day is unimaginable in current trend. Based on 
people’s density Telecom towers are located in city regions, villages, hill stations and remote areas, generally 
called as BTS (Base Transceiver Station) towers, these are constructed in Ground bases towers or Roof-top 
based towers.BTS are located in ON-Grid and or OFF-Grid. The Indian telecommunications industry is one of 
the fastest growing in the world and India is projected to become the second largest telecom market globally is 
shown in Fig.2. According to the Telecom Regulatory Authority of India (TRAI-www.trai.gov.in), the number 
of telecom subscribers in the country increased to 562.21 million in December 2009, an increase of 3.5 % from 
543.20 million in November 2009 With this the overall teledensity (telephones per 100 people) has touched 
47.89. According to Business Monitor International, India is currently adding 8-10 million mobile subscribers 
every month. It is estimated that by mid 2012, more than half the country's population will own a mobile phone. 
This would translate into 612 million mobile subscribers, accounting for a tele-density of around 51 per cent by 
2012. Presently 40% power requirements are met by grid electricity and 60% by diesel generators which 
consume about 2 billion liters of diesel per year.  The diesel generators are of 10-15 KVA capacity and consume 
about 2 liters of diesel per hour and produce 2.63 kg of CO2 per liter.                                               

The total consumption is 2 billion liters of diesel and 5.3 million liters of CO2 is produced. For every KWH 
of grid electricity consumed 0.84 Kg of CO2 is emitted. Total CO2 emission is around 5 million tones of CO2 
due to diesel consumption and around 8 million tons due to power grid per annum.List of top 10 countries by 
2011 CO2 emissions estimates is shown in Fig (4) In this paper EEMC is proposed to provide the maximum 
reliability in IPS for telecom applications. Since telecom load needs uninterrupted power (Stephan S.Smith and 
M.Tariq Iqbal-2008), in the proposed IPS diesel engine also takes place.  The usage of diesel engine is 
minimized and continuous power supply is provided by EEMC based IPS.   
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Fig. 3: Block diagram of Solar-Battery -Diesel Integrated power system 
 
Solar Integrated Power System [SIPS]: 

In SIPS only solar source energy is connected with conventional energy source like battery bank and diesel 
run generator it is referred as Solar-Battery -Diesel Integrated Power System. A stand-alone solar photovoltaic 
system (Li Wang, Tsung-Jen Lin -2007) is suitable for most of the applications, taking care of seasonal changes. 
PV system will provide DC output directly without any conversion unit, suppose if AC supply is required 
introduce a DC TO AC converter unit. In some other system like wind Renewable energy system is connected 
with conventional energy source like battery bank and diesel run generator it is referred as Wind-Battery Bank-
Diesel Integrated power system(WRIPS),the output of wind systems is AC, it requires a converter unit to get AC 
TO DC.  

The solar modules (photovoltaic cell) generate DC electricity whenever sunlight falls in solar cells (A 
Mellit,-2007). Single PV cell produces a rather small voltage that has less practical use. The real PV panel 
always uses many cells to generate a large voltage. 

The following parameters were used in the calculation of the net current of a PV cell. 
 Saturation current of the diode, Io 
  Net current from the PV panel I. 
  Light-generated current inside the cell IL 
 Series resistance Rs, which is internal resistance of the PV panel; 
 Shunt resistance Rsh, in parallel with the diode, Rsh ,is very large unless many PV modules are 

connected in a large system; 
 Diode quality factor, n; 
In an ideal cell Rs is 0 and Rsh is infinite. The net current of the PV cells is the difference between the 

output current from the PV cells and the diode current is given by. 
 
I=IL-Io(e(q(V+IRs)/nkT)-1]                                                                        (1) 

 
Where V is the voltage across the PV cell, k is the Boltzmann’s constant (1.381 x 10 _23 J/K), T is the 

junction temperature in Kelvin, q is the electron charge (1.602 x 10 _19 C), n is the diode ideality factor (1.62). 
Factors to be considered for sizing  
 Voltage, current and wattage of the module 
 Efficiency of the batteries 
 Temperature of the PV module 
 Efficiency of the MPPT and charge controllers 
 Dust level of the environment 
 

Maximum Power Point Tracking (MPPT): 
There are many MPPT algorithms utilized for PV system such as Microcontroller based MPPT, Fuzzy 

MPPT, T-S FUZZY MPPT(Chain-Song Chiu,-2010), Neuro- FUZZY MPPT(Aymen Chaouachi-et al,-2010) 
etc.,based on the applications and Load  design any one of these MPPT technique is introduced.  
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Fig. 4: Flow chart of Incremental conductance MPPT for Solar power System 

 
In this paper incremental conductance method (INC) of MPPT is proposed. In incremental conductance 

method (8), (9) the array terminal voltage is always adjusted according to the MPP voltage .It is based on the 
incremental and instantaneous conductance of the PV module (M.Lokanadham, et al,-2012). This method 
exploits the assumption of the ratio of change in output conductance is equal to the negative output Conductance 
Instantaneous conductance In this method the peak power of the module lies at above 98% of its incremental 
conductance. The Flow chart of incremental conductance MPPT is shown in Fig 5. In this method of MPPT, 
voltage and current of PV are continuously monitored. di and dv are the current and voltage errors. The 
maximum power is achieved when (2) satisfied. 
 
 (di/dv) = (-i/v)                                                       (2) 
 (di/dv) > (-i/v)                                                       (3) 
 (di/dv) < (-i/v)                                                      (4) 

 
The equations (3) and (4) state the direction of voltage perturbation when the operating point moves toward 

to the maximum power point. Depending on the direction of voltage, duty ratio is varied(Joe-Air Jiang’-2005). 
For (3) duty ratio is increased and for (4) it is decreased. For (4) it is kept constant since maximum power is 
reached (Jae Ho Lee., et al-2006) Duty ratio determines turn on time of switch in SEPIC converter to get the 
maximum power.  

 
Storage System (SS): 

The lead-acid battery is proposed in this paper for energy storage. It has two modes of operation charging 
and discharging modes. When the current to the battery is positive, the battery is in the charging mode. When 
the current to the battery is negative, the battery is in the discharging mode.  The following parameters were 
used for modeling the battery. SOC varies linearly with Vocb (open-circuit battery voltage). 

_ SOC1 is the initial state of charge, 
_ SOC (%) is the available charge. 
_ SOC m is the maximum state of charge. 
   Ns is the number of 2 V cells in series. 
_ D (h_1) is the self discharge rate of battery. 
_ Kb (no unit) is the charging and discharging battery efficiency. 
 
As the terminal voltage of the battery is given by 

 
Vbat=V1+IbatR1                                                                  (5) 

 
Here R1 is the equivalent resistance of the battery. V1 and R1 both depend on the mode of battery operation 

and have different equations. Battery current; Ibat is positive when battery is in charge (ch) mode and negative 
when in discharge (dch) mode. 

In charging mode, R1 and V1 are written as,  
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R1=Rch= (0.758+
.

. SOC
)
SOC

                                                              (6) 

 
V1=Vch=[2+0.148SOC(t)]ns                                                                                      (7) 
 
P=Ps+Pw-Pb                                                                                              (8) 

 
Equation (10) shows the total power of the IPS when the battery is charging.  
 
In discharging mode R1 and V1 are written as, 

R1=Rdch= (0.19+
.

SOC .
)
SOC

                                                           (9) 

 
V1=Vdch= [1.926+0.124 SOC (t)]ns                                                                       (10) 

 
P=Ps+Pw+Pb                                                                                           (11) 

 
Equation (13) shows the total power of the IPS when the battery is discharging.  
 

SEPIC Converter: 
Power converter plays a vital role in renewable based power systems to obtain constant voltage. When the 

input of the system is not constant, output of the system is also fluctuating. Telecom system require a constant 
DC voltage, it is obtained by DC-DC converter. It may work in either buck (step down) mode or boost (step up) 
mode or no change mode. The single-ended primary-inductance converter (SEPIC) is a DC/DC-converter 
topology that provides a both buck / boost operation with positive regulated output (Juergen, Biela, et al 2009) 
.This type of converter is the optimum converter for renewable energy sources since source voltage fluctuates 
above and below the output voltage. Unlike cuk converter (Henry Shu, et al 2003), it produces output as in the 
same polarity of input.  

The single-ended primary-inductance converter (SEPIC) is a DC/DC-converter topology that provides a 
positive regulated output voltage from an input voltage that varies from above to below the output voltage with 
continuous conduction mode (J.M. Kwon, et al 2006) or Discontinuous Conduction Mode explained in(In-Dong 
Kim,et al-2010). This type of converter is the optimum converter for renewable energy sources since source 
voltage fluctuates above and below the output voltage. Unlike cuk converter, it produces output as in the same 
polarity of input. The capacitor CIN is required to reduce the effects of the parasitic inductance and internal 
resistance of the power supply. The boost/buck capabilities of the SEPIC are possible because of capacitor C1 
and inductor L2. Inductor L1 and switch S1 create a standard boost converter, which generates a voltage (VS1) 
that is higher than VIN, whose magnitude is determined by the duty cycle of the switch S1. Assuming 100% 
efficiency, the duty cycle, D, for a SEPIC converter operating in DCM is given by 
 
D=   (VOUT +VFWD)/(VIN+  VOUT +VFWD)                                                        (12) 

 
Where VFWD is the forward voltage drop of the diode.  
Since the average voltage across C1 is VIN, the output voltage 

 
 (VO) = VS1 - VIN                                                                                                                                            (13) 

 
SEPIC converters can act as buck or boost converter. 
In a solar power plant and battery charging controller, it acts as a boost converter. Condition to act as a 

boost converter is stated in (14) 
 
Vs1>VIN                                                                  (14) 

 
In a wind and Diesel power plant it works in buck mode. Condition to operate in buck mode is stated in (15) 

 
Vs1<VIN                                                                      (15) 

 
If VS1 is less than double VIN, then the output voltage will be less than the input voltage. If VS1 is greater 

than double VIN, then the output voltage will be greater than the input voltage.  
Switching loss of power device (MOSFET) in a SEPIC converter is given in (16) 

 
PDSWITCHING = (CRSS x VIN² x fSW x ILOAD) / IGATE                                                 (16) 
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In the proposed project, less switching frequency is selected for switching the power device. It reduces the 
switching loss.  
 
Dump Load: 

Dump load option is introduced in renewable power generation system especially solar power system. 
Many renewable based power generation system installed air heater, resistive load act as a dump load. The 
function of dump load is to divert the excess power or when the system and energy storage system cannot accept 
the power being produced. In order to protect the system, the excess power is diverted and used in any useful 
work. In this paper I propose additional / Auxiliary Battery storage system (Rating is less than the main storage 
system or equal to load demand) is introduced and whenever the excess power is produced the first option is, it 
is stored in main storage system and if SOC of P Bat ≥ 95 %( this situation may happen for very limited period 
only), and this excess power is effectively stored in Auxiliary storage system (Act as Dump load). Here the 
dump load can have /perform two functions one is charging and discharging. In this way we can protect the 
system from the excess power condition, increase the life of storage system and also minimize the diesel 
running time 
 
Diesel Generator: 

In this paper diesel run generator is used as a standby power system. It is switched ON only when all the 
sources are individually or in combined conditions are not able to meet the load demand. In this condition 
controller activate the selector switch automatically. Now the load demand is met by DG and also battery 
charging continuously up to SOC of >95 %. This process is withdrawn if the main source is ready to supply to 
the load. Output of DG is AC, it is converted to DC through diode rectifier (Joanne Hui, et al 2011).  

 
Embeded Based Energy Management Controller (EEMC): 

Embedded based Energy Management Controller (EEMC) monitors the status of load, power generated by 
PV system, SOC of the battery and Dump load battery. It receives all sources existing power and load power. 
Depending on the load and available power generated by source, it selects individual source or combination of 
sources supply to the grid. It continuously monitors the SOC of battery and activates the charge controller when 
the battery does not supply the load and SOC is less than SOCm.  Battery and dump load battery discharging is 
limited to SOC minimum of 20%. Always battery is in the state to supply load. When the load goes beyond the 
minimum load, EMC controls the sources and battery depends on load demand power availability. Fig.5.shows 
the simulation model of EEMC. 

 

 
 

 
Fig. 5: Simulation model of EEMC 

. 
The various function of EMC is discussed below with various conditions.  
Case 1 
It is the state when any one source is sufficient to run the load. Consider if solar alone is sufficient to run 

the load, solar selector switch (SW1) is activated and remaining selector switches SW2, SW3, SW4 and SW5 are 
turned off.  Battery charging controller switch is also activated (SW2) the equation (17) states the condition of 
case 1 as  
 
PS>=PL & PS = PL +Battery charging                                                  (17) 

 
Case 2 
It is the state when PV sources are not sufficient (lesser than minimum set power) to run the load and 

battery alone is sufficient to run the load. Consider if battery alone is sufficient to run the load, battery selector 
switch (SW2) is activated and remaining selector switches SW1, SW3, SW4 and SW5 are turned off. The equation 
(18) states the condition of case 2 as 
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PS  ≠ PL &  PB>=PL                                                                                                       (18) 
 
Case 3 
It is the state when the renewable source and battery are sufficient to run the load.  Solar and battery 

integrated mode are sufficient to meet the load. Solar and battery selector switch (SW1+ SW2) are activated and 
remaining selector switches, SW3, SW4&, SW5 are turned off.   

The equation (19) states the condition of case 3 is  
 
PS +PB>=PL                                                                                    (19) 

 
Case 4 
It is the state when PV source and battery are not sufficient (lesser than minimum set power) to run the 

load, Dump load battery can meet the load. Dump load discharging selector switch  
( SW4) is activated and remaining selector switches, SW1 ,SW2, SW3, & SW5are turned off.   
The equation (20) and (21) states the condition of case 4 is 

 
PS +PB +PW<<PL                                                                                               (20) 
 
PDB >=PL                                                                                                             (21) 

 
Case 5 
It is the state when battery, Dump load battery and PV sources are not sufficient (lesser than minimum set 

power) to run the load, Diesel generator can meet the load. Diesel generator selector switch (SW3) is activated 
and remaining selector switches, SW1 ,SW2, SW4 & SW5 are turned off.  Battery charging controller is activated.  

The equation (22) and (23) states the condition of case 5 is 
 
PS +PB + PDB <<PL                                                                                                            (22) 
 
PD >=PL      &  PD = PL + Battery charging                                                   (23) 

 
Case 6 
It is the state when the renewable source power is excess than the load and battery is in fully charged state 

(SOC > 95%). So the excess power is stored in dump load battery. Dump load charging selector switch (SW5) & 
solar selector SW1 is switched ON and remaining selector switches, SW2, SW3 & SW4 are turned off. 

The equation (24) and (25) states the condition of case 6 is 
 
PS >>PL                                                                                               (24) 
 
PS >=PL +Dump load battery charging                            (25) 

  
 From above 6 cases it is clear that EEMC minimizes the usage of diesel generator and enables effective 

utilization of   energy resources.  
 

RESULTS AND DISCUSSION 
 
Simulation model of IPS with energy management controller is developed using MATLAB/ SIMULINK 

R2011b.  Rating of the IPS system is given below 
Solar Power plant        :  1.5 KW 
Battery Bank                :  2.5 KW  
Diesel Generator          :  3 KW 
Load    (DC)                  : 1KW, 48 V 
Load    (AC)                  : 0.5KW, 440 V, 50Hz, 3Φ  
Since telecom tower equipments works in -48V DC (Stephan S.Smith, et al - 2008) the proposed system is 

designed with the 48V DC bus. The -48 V is given to the different equipments placed with BTS tower. The 
negative DC supply system will give better result and minimize the filter circuit than positive supply system 
.Three phase AC is obtained through DC to AC inverter which is used for other devices like light loads, cooling 
fan used in telecom station. In case of AC load, the 3 phase IGBT based Hex bridge inverter is connected from 
DC bus.  Inverter is controlled by pulse width modulation technique. Output of inverter is filtered by LC filter 
and pure sine wave is given to the AC load. Three phase voltage from filter is shown in Fig.6 
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Fig. 6: Three phase voltage from Inverter 

 
Simulation results of case 1-case 6 are shown in Fig: 7- fig 12 respectively.  
 
Case 1                                                                                          Case 2      

Fig 7 shows the status of single source                           Fig 8 shows the status of renewable source and 
Supplies load. It is explained in case1                  battery supplies load. It is explained in case2      

 

         
 
Fig. 7: Simulation result of the IPS when solar power      Fig. 8: Simulation result of the IPS when solar alone   
            and battery supplies load                                                    supplies load  

 
Case 3                                                                                         Case 4 
Fig 9. Shows the status of battery alone supplies             Fig 10 shows the status of Dump load battery alone 

Load. It is explained in case3              supplies load it is explained in case4   
 
Conclusion: 

The solar- battery- diesel integrated power system with dump load is simulated using MATLAB. From the 
simulation it is proved that the integrated system supplies uninterrupted power to the load for different 
conditions. MPPT such as Incremental conductance applied in solar sources makes the system efficient. 
Integrated power system supplies AC and DC load so it is suitable for all applications like remote areas, villages 
and hill stations. Embedded based Energy Management Controller controls integrated power system to provide 
uninterrupted power, minimizing usage of diesel, effective utilization of sources and improves life time of 
battery.  Since the usage of diesel generator is minimized emission of harmful gases from it is minimized. So it 
is a pollution free green energy system. This proposed system is optimally suitable for Telecommunication 
application in rural or off-grid location where constant voltage and continuous power is required. By suitable 
modification of power control strategies presented in this paper, the same system with different ratings can be 
used power up any kind of loads. Instead of single renewable source with battery-diesel generator integrated 
power system, we can use two or more renewable sources (Solar- Wind - Fuel Cell etc.,) with battery – diesel 
generator .The new system may give more efficiency and reliability than single source system. 
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Fig. 9: Simulation result of the IPS when battery battery alone supplies load 
 

 
 
Fig. 10: Simulation result of the IPS when dump load alone supplies load                                                              

 
Case 5                                                                                          Case 6 
Fig 11 shows the status of Diesel generator alone       Fig 12 shows the status of resources supplies     
 and dump load battery. It is explained in case6                load supplies load. It is explained in case5 
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Fig. 11: Simulation result of the IPS when                            Fig.12: Simulation result of the IPS when solar  
              power diesel generator alone supplies load                            supplies load and dump load battery 
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