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Abstract: This paper deals with an optimum sizing and techno-economic feasibility study is proposed for Rural Healthcare 
Buildings (RHB) situated in tropical humidity region in Tamil Nadu, India. within this study, fixed tilt, annual optimal tilt 
(AOT) and six diverse sun discover schemes are analyzed by means of HOMER Energy to enhance the power generation 
potential. Monthly and AOT angles are estimated for the study location. The selection of optimum configuration is arrived 
with lowest value of initial cost, lowest operating cost, lowest total net present cost (TNPC) and lowest levelized cost of 
energy (LCOE). It has been found that AOT fixed tilt is the most favorable pattern for learning site. In addition, the prototype 
model of horizontal axis sun tracking system is implemented through Arduino microcontroller. The real-time presentation is 
evaluated in three existence under varying meteorological situation. 
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1.  Introduction 

Now a day, electricity is an essential and basic requirement at an affordable price. It is generated by means of fossil fuels 
[1]. In some countries, rural residents generate their own electricity using diesel generators (DG). Conversely, it contributes to 
produce the pollutant gases which are harmful for living beings. Solar energy is rapidly gaining renewable energy resource 
(RES) as fossil fuel prices variation. in excess of the years, explore has been fixate on dissimilar occupational strategies for 
solar tracking system, which enables more energy to be generated to meet up with the increasing demand.  

1.1. Previous studies 

A review about sustainability assessment of various energy systems is available in the literature [2]. The selection of 
suitable standalone configuration for a remote town in Laverton, Western Australia has based on economical criteria [3]. The 
optimum sizing of standalone photo-voltaic (PV) system for residential buildings has been analyzed for case study location in 
Bursari, Nigeria [4]. The optimum sizing of standalone hybrid PV-WT-DSL-Battery configuration has been analyzed for case 
study for resort in South China Sea, Malaysia [5]. The optimum sizing of on-grid PV-Wind system for island electrification has 
been analyzed for Gadeokdo Island, South Korea [6]. These studies has evaluated based on to satisfy desired load demand 
based on economic point of view. 

A techno-economic analysis based on feed in tariff approach has been analyzed in grid connected PV system for 
household’s electrification of New Delhi, India [7]. A case study has considered hydrogen energy cell and conventional battery 
as amphibian energy storage technologies for different load sectors in an inaccessible enclave in the South China ocean [8]. 
These studies have been reported based on techno-economic feasible analysis only. The high temperature co-efficient on PV 
panel’s realization is not considered. In the main, the achievement of PV system is distressed by ambient temperature, solar 
irradiation and humidity [9]. Likewise, PV recital count on the different PV knowledge used [10, 11], environmental site of the 
learning [12], different tilt angle of PV panels [13], and gathering of dust on the PV panels [14]. Different approach is used for 
finding optimum tilt angles and given in the studies [15, 16]. The well-organized exploitation of nearby accessible 
inexhaustible system with least levelized charge of energy (LCOE) is an significant standard for the site of significance [17]. 
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In the literature, several studies reported about benefits of applying renewable energy technologies for rural and Island 
electrification under different meteorological conditions based on technical and economical point of view. The optimum 
selection based on sun tracking system for Rural Healthcare Building (RHB) under tropical climatic region has not been 
announced so far by the experimenter. The present study has analyzing in details of standalone system; including the effect of 
increase in ambient temperature on PV panels using fixed tilt, annual optimum tilt (AOT) and six different sun tracking 
systems. The temperature co-efficient of 0.5%/ºC is well thought-out in the complete survey. The effectiveness of the 
horizontal axis sun tacking PV system is implemented in prototype model through Arduino microcontroller. The real time 
presentation is analyzed in three days under unreliable climatic situation. 
 
2.  Technique Adopted For Case Study Examination  

A trial has been taken to produce energy and to review the feasibility of electrifying the Kila Kadayam village in Tamil 
Nadu, India which is non-electrified. This comprises analysis about study area on source and require estimation of RHB in the 
study location which is comes under the tropical climatic region. With the application of hybrid optimization tool, the optimum 
tilt angles for PV system is determined for study location on monthly and annual basis. The power generation potential of the 
fixed tilt and six different sun tracking PV systems are investigated. The optimum configuration is selected based on results 
obtained from simulation, which are related to technical and ecological properties of the system. Furthermore, the prototype 
model of horizontal axis sun tracking system is designed and it is resolved in ternary days under varying atmospheric 
conditions. 

2.1. Background Information About Study Area 

According to the resent research paper the Kila Kadayam village in Tirunelveli district in Tamil Nadu state has no supply 
electric energy and sometimes fossil fuels are used to generate the electric energy [18]. Kila kadayam village is situated in 
Tamil Nadu state in Tirunelveli district which is un-electrified and comes under tropical climatic zone. The detail about the 
study location is given in Fig. 1. The village area is approximately partially hilly and flat plain (8°49" North and 77°22" East). 
The average weather is 29°C, 70% humidity.  

 

 
Figure 1.  Map details of study area [19]. 

 
Figure 2.  Reference diagram of proposed standalone system for RHB. 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018 778

ISSN NO: 2279-543X

http://dynamicpublisher.org/



2.2 Requirement Assessment 

The manipulative of standalone development requires the total electrical insist of study area. It is a significant limitation 
that influences the scheme size. The reference diagram of proposed standalone system for RHB is given in Fig. 2. The rating 
and requirement of RHB load profile is collected from field survey and these details are given in the Table 1.  

TABLE I.  LOAD INFORMATION OF RHB 

Individual load Quantity Rating per quantity (W) Usage (h/d) Consumption (kWh) 

Lamps 25 20 18 9.00 

Ceiling fan 7 60 24 10.08 

Refrigerator 1 80 15 1.20 

Freezer 1 80 12 0.96 

Oxygen concentrator 1 300 4 1.20 

Water pump 1 800 6 4.80 

Electric sterilizer 1 1200 4 4.80 

Vacuum cleaner 1 100 4 0.40 

Computer 2 60 12 1.44 

 
The Tamil Nadu state has summer, cloudburst and wintry weather different seasons [18]. In this revise, the load profile of 

RHB is considered as same for different seasonal changes. The monthly load pattern is given in Fig. 3. 
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Figure 3.  Monthly average demand of RHB. 

 
Figure 4.  Hourly demand of RHC. 

The max out load, average energy claim and load factor of boarding house buildings are 3.52 kW, 33.88 kW, and 0.40, 
respectively. The hourly load profile in a day is given in Fig. 4. The high energy consumption time for the considered case 
study is almost from 5 AM to 10 AM and 6 PM to 9 PM in all days in a year. 

2.3. Resource assessment 

The monthly availability of daily solar emission data is collected from NASA exterior technique for the year 2016 [20]. 
The monthly average solar radiation ranges from 3.98 to 6.14 kWh/m2/d and monthly common ambient temperature ranges 
from 26.6ºC to 30.0ºC. The mean annual wind speed at the study location is 4.4 m/s. The details of monthly average solar 
radiation and ambient temperature for the revise area are presented in Fig. 5 and Fig.6. 
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Figure 5.  Monthly average daily solar resource. 
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Figure 6.  Monthly average daily ambient temperature. 

2.4. inference of optimum tilt angle 

The instantaneous solar irradiation on a collector plane depends on the position of sun in the sky and PV power pout put is 
uncertain. Energy generated from the PV array is given in the Eq. (1). 

(1) 

The optimum tilt angle is accurately obtained by differentiate Eq. (6) with reverence to the tilt angle (β) and equate to zero. 
The value of β for a specific day or period is found by searching for the maximum values on the collector surface. The solar 
irradiation on PV panel is maximized by the solar panel mounted at an optimum tilt angle. This angle for the present study 
place is intended by compassion analysis in replication [16]. To find the maximum instant solar irradiation on the PV array and 
the tilt angle of solar collector is varied from -30º to 90º in each 1º step angle through sensitive input. The flow graph 
determines the optimum tilt angle for study location is given in Fig. 7. This process is repeated for 12 times and solar radiation 
is maximum at which the particular angle at which radiation is maximum is taken as optimum tilt angle for that month. The 
average value of the monthly optimum tilt angle is considered as annual optimum tilt (AOT). The AOT for the study location 
is 8.98º. 
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Figure 7.  Flow chart of optimum tilts angle estimation using HOMER. 

The monthly and weekly values of optimum tilt angles for the study location is described in Fig. 8 and Fig. 9. The sun 
tracking system needs various electro-mechanical components like sensors, electronic controllers, electric motors and gear box 
to accurately follow the sun path. 

 

 

Figure 8.  Monthly tilt of PV panel for the study location. 
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Figure 9.  Monthly tilt of PV panel for the study location. 

3. assessment criterion for likelihood analysis 

According to study location and availability of input resources, the simulation determines all feasible configurations on the 
basis of objective function as minimum total net-present cost (TNPC) subtracted by sum of revenues. The first row of the result 
shows the most feasible solution, which satisfies constraints specified in the simulation. To evaluate the optimum configuration 
of the system, the minimum value of TNPC and levelized cost of energy (LCOE), are considered as objective function. 

 

LCOE: The ratio of the total annualized cost and annual load served; this ratio is calculated by Eq. (2). 

(2) 

TNPC: TNPC is summarizing the inflows and outflows of cash in project time. The TNPC of the system is calculated by Eq. 
(3). The CRF is a ratio used to calculate the present value of the system. 

(3) 

Capacity factor (CF): The CF is the ratio of annual solar energy production to rated energy production. This is obtained with 
this formula, Eq. (4). 

       (4) 

3.1. Constraints for simulation 

The feasible pattern is worn to fulfill complete electrical demands of RHB. In this revise, following constraints and limits 
are made to identify viable configurations; 

 The temperature co-efficient of -0.5 %/ºC is well thought-out for every change in ambient temperature of study 
location. This is the main deliberation of the present study. 

 The efficiency of PV panels at STC is 13%. 
 A reserve of 25% is measured for inherent dependence on solar irradiance and unpredictable output. 
 In the simulation, an hourly electrical load operating reserve of 10% is taken into account for sudden spikes in the 

energy demand. 
 capability dearth factor is set to 0% to meet demand of the case study. 
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The system component cost is not merely depends on the capacity, but also varies with vendors and the location where the 

system is being installed. The economical input for the considered system is given in the Table 2. 

TABLE II.  ECONOMIC DATA FOR SYSTEM COMPONENTS USED IN SIMULATION 

Components Size (kW) Capital cost ($) Replacement cost ($) O&M cost ($) Life time (y) Ref. 

PV array 1 – 20 1250/kW 1125/kW 0 20 [21] 

Inverter 1.5 171 171 4 15 [22] 

Battery bank 1 – 30 188 178 8 - [22] 

 

Tracking systems: The components costs including PV system details are given in the Table 3. 

TABLE III.  ECONOMIC DATA FOR TRACKING SYSTEM 

S. No Parameters Capital cost ($/kW) 

1 Vertical axis with continuous tracking system (VACT) 1505 

2 Horizontal axis with daily (HADT), weekly (HAWT) and monthly (HAMT) tracking system 1813 

3 Horizontal axis with continuous tracking system (HACT) 2121 

4 Two axis adjustment tracking system (TAT) 2275 

 

 
Figure 10.  Base case - DG-Battery. 
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Figure 11.  Proposed PV-Battery system. 

TABLE IV.  EVALUATION OF SIMULATION RESULTS BASED ON DIFFERENT TRACKING SYSTEMS 

Description 

Base 
case 
DG-
BAT 

Fixed PV system Sun tracking PV systems 

45º 
Fixed 

tilt 

8.98º 
AOT 

HAMT HAWT HADT HACT VACT TAT 

Technical  

 

PV array (kW) - 19 14 13 13 13 12 14 11 

Diesel generator (kW) 2 - - - - - - - - 

Converter (kW) 4 6 6 7 7 6 6 6 6 

Number of batteries 10 30 32 32 32 34 38 32 36 

PV capacity factor (%) - 14.10 15.90 15.90 16.00 16.70 16.90 15.90 20.20 

PV production (kWh/y) - 23,504 19,525 18,147 18,239 19,006 17,760 19,525 19,441 

Renewable fraction (%) 0 100 100 100 100 100 100 100 100 

Excess electricity (kWh/y) 0 8,240 4,250 2,882 2,985 3,742 2,496 4,250 4,227 

Unmet load (kWh/y) 0 2.75 7.29 8.63 8.78 3.37 4.09 7.29 6.02 

Capacity shortage (kWh/y) 1.16 5.80 11.1 11.70 12.10 7.06 7.84 11.10 9.64 

Fuel consumption (L) 4,664 0 0 0 0 0 0 0 0 

Environmental (kg/y) 

 

Carbon dioxide 12,281 0 0 0 0 0 0 0 0 

Unburned hydrocarbons 3.36 0 0 0 0 0 0 0 0 

Particulate matter 2.29 0 0 0 0 0 0 0 0 

Economical  

 

Initial capital ($) 4,336 30,074 24,200 30,383 30,383 30,645 33,280 27,770 32,477 

Operating cost ($/y) 5,458 715 685 749 749 773 852 719 818 

NPC ($) 74,113 39,213 32,953 39,958 39,958 40,532 44,169 36,964 42,929 

COE ($/kWh) 0.473 0.250 0.210 0.255 0.255 0.259 0.282 0.236 0.274 
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3.2. Simulation  

The schematic diagram of simulation for base case (DG-Battery) and different sun tracking PV systems (PV-Battery) are 
given in Fig. 10 and Fig. 11. To identify the best configuration for standalone system in RHB building, different sun tracking 
systems are discussed in this work. Totally eight systems including 45º fixed tilt, 8.98º AOT and six different sun tracking PV 
systems are simulated to determine the best configuration. 
 
4. Results and discussion  

The comparison of imitation outcome based on unchanging tilt, AOT, and different sun tracking systems are analyzed. The 
simulation result shows that AOT configuration with 14 kWp solar PV array and 6 kW sized inverters is cost effective solution 
for the study location. It has been originate that substantial investments are obtained in distinction with other configurations. 
Further, simulation results have been compared based on technical, economical and environmental parameters and presented in 
Table 4. 

The simulation results shown that NPC, LCOE and operating cost are maximum observed for HACT, followed by TAT, 
HADT, HAMT, HAWT, 45º fixed tilt and VACT systems. Tracking systems adds the initial cost and operating cost but 
improves the power output significantly. The annual PV energy generation, PV power capacity factor and improved power 
generation potential by diverse tracking system are shown in Fig. 12, respectively. The highest CF is obtained for TAT as 
20.20% and lowest CF for 45º fixed tilt systems as 14.10%. 
 

  
 

(a) PV energy production (kW/kWp/y)    (b) PV capacity factor (%) 
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(c) Evaluation of different systems, based on 8.98° AOT 

Figure 12.  Technical performance of fixed tilt and sun tracking systems.

It has been establish that reproduction fallout for 8.98º AOT offer reduction in cost in terms of economical point of vision 
and better performance in all aspects in association with other configurations. 
 
5. Hardware setup of sun tracker  

The indoor experimental setup diagram is given in Fig. 13. The main components required for system design are solar 
panel, light dependant resistor, servomotor, Arduino, global system mobile communication (GSM). 

 

 
Figure 13.  GPS based horizontal axis solar tracker (Indoor experiment). 

Light Dependant Resistor (LDR) also known as photo resistor is a light sensitive device. LDR’s are working as light 
detectors. Its resistance decrease when the light falls. The three numbers of LDR’s are placed at the sides of solar panel. The 
function of servo motor is to rotate the PV panel. The servo moves the PV panel towards, that way it will keep following the 
Sun path. And if there is same amount of Sun light falling on both the LDR, then servo will not rotate. The resistance of one of 
the LDR will alter then it moves towards lower resistance LDR. In this Arduino solar panel tracker, Arduino is powered by the 
9 V battery and all the other parts are powered through Arduino control. 

The Arduino recommended input voltage is from 7 V to 12 V. The positive wire of the servo is connected to the 5 V of 
Arduino and ground wire to the ground of the Arduino. The signal wire of servo is connected to the digital pin 9 of Arduino. 
The servo will help in tilting the solar panel and connection made between the LDRs and Arduino. One end of the LDR is 
connected to the one end of the 10 kΩ resistor and also this end is connected to the A0 of the Arduino. The other end of that 
resistor to the ground and it is connected to the other end of LDR to the 5 V. Similarly, one end of second LDR is connected to 
the one end of other 10 kΩ resistor and it is also connected to the A1 of Arduino. The other end of that resistor is connected to 
ground and the other end of LDR is connected to 5V of Arduino. Finally, the GSM is connected to the Arduino. When there is 
a voltage drop in solar panel due to dust or any other disturbances, Arduino will send a signal to the GSM module.  The GSM 
Module will get activated and send message to the customer. The received intimation message is shown in Fig. 14. 
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Figure 14.  Received SMS from GPS 

 
Figure 15.  Outdoor experimental setup 

The outdoor investigational setup is exposed in Fig.15. The real time performance of single axis sun tracking is designed. 
The real time performance had been taken for three days in different environmental conditions with 1 hour difference and 
given in Fig. 16. The result shows that the performance has increased during peak hours and gradually decreased during the 
upcoming hours. It also shows that clear day result is much efficient than partial cloudy day. 

TABLE V.  EVALUATION OF EXPERIMENTAL RESULT BASED ON DIFFERENT CLIMATIC DAYS 

Climatic day 
Average Incident Solar 

(kWh/m2) 
Average Cell Temperature (ºC) 

Average PV Power 
(kW) 

Clear day (19.03.2017) 0.50757 41.95743 0.00350 

Cloudy day (11.04.2017) 0.52921 41.64814 0.00379 

Sandstorm day (31.03.2017) 0.50657 41.92257 0.00350 

 
 

 
(a) Solar radiation on PV panel 
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(b) Cell temperature on PV 

 

 
(c) Generated PV power 

Figure 16.  0erformance of prototype HACT model 

The performance is analyzed under different condition is presented in Fig. 16. The performance shows three different 
weather climatic days such as clear sky, partially clear sky and cloudy sky was performed. From the experimental results, it is 
identified that cloudy day power generation is high compared to other days. These details presented in the Table 5. 
6.  Conclusion 

This paper granted the optimum stiffening and feasibility investigation of standalone inexhaustible energy system has 
analyzed for Rural Healthcare Buildings located in non-electrified village in Indian state of Tamil Nadu, in such a way that the 
user contentment is maximize at smallest amount cost. The simulation results showed that, a feasible optimum configuration 
based on real time data from the non-electrified village to achieve sustainable development. The suggested AOT standalone 
PV system with battery is compared with different cases. It reveals that AOT standalone PV system with battery configuration 
greatly improve the reliability of power supply.  

 The obtain least amount value of TNPC and COE of optimum pattern is $ 32,953 and $ 0.210 per kWh in that order. 
It is observed that a investments of 15.96% in TNPC obtained against 45º fixed tilt system. Finally, the real time performance 
of single axis sun tracking is implemented and performance is analyzed under different sunny days. 
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