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Abstract— In this paper, rooftop grid-
connected automated teller machine (ATM) PV 
solar power system analysis is presented. The 
analytical expressions for computing the energy 
produced from the rooftop area are presented 
along with some expressions that are used to 
account for losses in the system. The case study 
ATM consumes about 92.64 kWh of energy per 
day. The optimal tilt angle for the PV array is 9° 
and the PV array is fixed at that angle all through 
the year. The PV module selected for the power 
system is the 13V 50 Wp Siemens Solar PV 
module with model number M50. The PV power 
system consists of 3 kWac inverter with 56 PV 
modules which occupies a total area of 22.5 
𝒎𝒎𝟐𝟐 .The results show that the PV power system 
has a performance ratio of 78.58% and solar 
fraction is 11.27%. That means only 11.27 % of the 
total energy demand of the ATM machine is 
supplied from the PV solar power. Hence, he 
remaining 88.73 % of the ATM energy demand 
comes from the grid power supply. 
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1. Introduction 
 
Solar power system has dominated the green alternative 
power sources in Nigeria [1,2,34,5,6, 7,8,9, 10,11, 12,13, 
14, 15, 16]. It has witnessed widespread adoption across 
Nigeria due to the availability of solar radiation and the 
steady drop in the relative cost of the solar power system 
when compared to the cost of diesel and other fossil fuel 
generating sets [17,18,19,20,21,22,3,24,25]. In any case, 
the rising installation base is also due to increasing 
demand for energy without corresponding improvement 
in the energy generation and supply from the national 
grid [26,27,28,29,30,31,32,33,34,35,36,37,38]. Rather, 

the cost of energy from the national grid is increasing 
without meaningful improvement in the quality and 
quantity of power supply form the grid [39,40]. As such, 
the situation is driving more consumers to look for other 
alternative energy supply systems to address the 
perennial and ever increasing energy shortage across 
Nigeria [41,42,43]. 
 
Accordingly, in this paper, sizing and analysis of rooftop 
grid-connected automated teller machine (ATM) PV solar 
power system is presented [44,45,46]. The focus on ATM 
is timely as the cashless policy of the Federal government 
has prompted many people to patronize banks and their 
ATM which is for self-service banking outlet. 
Importantly, ATM is expected to render all-day round 
service to the bank customers [47,48,49,50,51,52]. As 
such, steady and reliable power supply is required for 
effective service delivery to the bank customers. Such 
reliable power supply system can easily be achieved with 
a solar PV power system with properly sized solar panels 
and storage battery bank. This paper presents the 
approach to properly size a rooftop solar power system 
for an ATM machine. The popular PVSyst solar power 
simulation software is used for the sizing and analysis of 
the grid connected rooftop solar power system. 
 
2. Methodology 
 
2.1 The basic equations for rooftop solar PV power 
system analysis 
 
The study is mainly to analyse the rooftop grid-connected 
PV solar power for an automated teller machine (AMT) 
that serves as a self-service banking outlet for clients of 
financial institutions. The energy produced from a given 
rooftop area (𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇)  depends on (𝐴𝐴𝑃𝑃𝑃𝑃𝑇𝑇 ) the actual area 
used on the roof for PV array installation and some roof 
factors denoted as 𝑓𝑓𝑜𝑜 for roof inclination and fs  for unused 
roof area, where;   

fo =  (fflat)(rflat) + �fpeak��rpeak�     (1) 
rflat   = 1 for flat roof and rpeak   = 0.5 for peaked roof. 
Also, 0.3 ≤  fs≤0.9), then; 

𝐴𝐴𝑃𝑃𝑃𝑃𝑇𝑇 =  (𝑓𝑓𝑜𝑜)(𝑓𝑓𝑠𝑠)(𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇) (2) 
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The optimal angle, 𝛽𝛽𝑜𝑜𝑜𝑜𝑜𝑜 for tilting the solar panel is given 
as 

𝛽𝛽𝑜𝑜𝑜𝑜𝑜𝑜 = 3.7 + 0.69|𝜑𝜑|    (3) 
Where 𝜑𝜑  represents the latitude of the PV installation site.  
The daily energy consumption of the load which can be 
supplied by PV array with area of 𝐴𝐴𝑃𝑃𝑃𝑃𝑇𝑇, mean daily global 
solar irradiation on the PV module plane (denoted as 𝐺𝐺𝑑𝑑), 
operating efficiency of the PV module (denoted as ɳ𝑜𝑜𝑝𝑝), 
overall DC to AC de-rating  factor denoted as 𝑓𝑓𝑑𝑑𝑑𝑑/𝑎𝑎𝑑𝑑 
(typical value is 0.85) and temperature de-rating factor 
denoted as 𝑓𝑓𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜 is given as; 

 
𝐸𝐸𝐿𝐿  =  𝐴𝐴𝑜𝑜𝑝𝑝 (𝐺𝐺𝑑𝑑  ∗  ɳ𝑜𝑜𝑝𝑝 ∗ 𝑓𝑓𝑑𝑑𝑑𝑑/𝑎𝑎𝑑𝑑 ∗ ftemp) (4) 

Where 
ftemp= 1 - (  γpv  * (Ta -  TSTC))    (9) 

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 = 𝑇𝑇𝑎𝑎 + �𝛼𝛼(𝐺𝐺𝑑𝑑)(1−ɳ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)
𝑈𝑈0 +𝑈𝑈1 (𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑑𝑑 )

�   (6) 
 

Based on (𝐸𝐸𝐿𝐿) the daily energy consumption of the load and 
(𝐴𝐴𝑃𝑃𝑃𝑃𝑇𝑇 ) the actual area used on the roof for PV array 
installation the PVSyst is used to select PV modules and 

determine the number of the modules that make up the PV 
array for the PV solar power system. Further analysis of the 
solar power system with the PVSyst will yield other 
essential energy generation and consumption related 
performance parameters.  
 
2.2 The case study dataset for the daily load and daily 
solar irradiation 
 
The energy consumption data for the Automated Teller 
Machine (ATM) is shown in Table 1 and the monthly mean 
solar irradiation and ambient temperature data for the ATM 
machine is shown in Table 2. Based on the data in Table 1, 
the ATM consumes about 92.64 kWh of energy per day. 
The screenshot from PVSyst showing the hourly 
distribution of the ATM load is shown in Figure 1 while the 
screenshot of the PVSyst visual display of the hourly 
distribution of the daily energy demand is shown in Figure 
2. Also, the monthly mean solar irradiation and ambient 
temperature data for the ATM machine installation site is 
shown in Table 1.  
 

Table 1 The energy consumption data for the Automated Teller Machine (ATM) 
 

S/N Equipment Description QTY 
Power Rating 

(kW) Duration (h) 
Electrical Load 

(kW) 
Energy Demand Per 

Day (kWh) 
1 ATM 2 0.7 24 1.4 33.6 
2 AIR Conditioner 1 1.6 24 1.6 38.4 
3 Lightings 6 0.09 24 0.54 12.96 
4 Hub 1 0.32 24 0.32 7.68 

 
Total Energy Consumed 

   
3.86 92.64 
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Figure 2 The screenshot from PVSyst showing the hourly distribution of the ATM load 
 
 

Table 2 The monthly mean solar irradiation and ambient temperature data for the ATM machine 

 
 

3. Results and discussion 
The screenshot of the PVSyst dialogue box for the PV 
panel optimal orientation is shown in Figure 3 while the 
schematic diagram of the grid-connected solar power 
system is shown in Figure 4. As shown in Figure 3, the 
optimal tilt angle for the PV array is 9° and the PV array is 
fixed at that angle all through the year. The screenshot of 

the PVSyst dialogue box for sizing of the PV array and 
inverter is shown in Figure 5. According to Figure 5, the 
PV module selected is the 13V 50 Wp Siemens Solar PV 
module with model number M50. The details of the PV 
module is further shown in Figure 6. 
 

http://www.imjst.org/


International Multilingual Journal of Science and Technology (IMJST) 
ISSN: 2528-9810 

Vol. 8 Issue 2, February - 2023 

www.imjst.org 
IMJSTP29120859 6152 

 
Figure 3 The screenshot of the PVSyst dialogue box for the PV panel optimal orientation 

 

Figure 4 The 
screenshot of the PVSyst schematic diagram of the grid-connected solar power system is shown in. 
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Figure 5 The screenshot of the PVSyst dialogue box for sizing of the PV array and inverter 
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Figure 6 The details of the 13V 50 Wp Siemens Solar PV module with model number M50. 

 

 
Figure 7 The details of the ATM machine energy demand as it was used in the PVSyst simulation . 
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Figure 8 The screenshot of the PVSyst simulation parameters for the ATM machine 

 
The details of the ATM machine energy demand as it was 
used in the PVSyst simulation is shown in Figure 7 while 
the screenshot of the PVSyst simulation parameters for the 
ATM machine. According to Figure 8, the inverter consists 
of two units of 1.5 kWac inverters which amounts to 3 
kWac inverter.  Also, according to the parameters in Figure 
8, the PV array consists of 56 PV modules which occupies 
a total area of 22.5 𝑚𝑚2 . The main results of the PVSyst 
simulation for the ATM machine solar power system are 
shown in Figure 9. According to the results in Figure 9, the 

ATM PV power system has a performance ratio of 78.58%. 
This means that about 21.42 % (that is, 100 -78.58 %) are 
lost due to several factors, as shown in the loss diagram of 
Figure 10. Hence, only the 78.58 % of the energy produced 
by the PV array that is delivered to the ATM machine. 
Also, the results in Figure 9 and Table 2 show that the solar 
fraction is 11.27%. That means only 11.27 % of the total 
energy demand of the ATM machine is supplied from the 
PV solar power. Hence, he remaining 88.73 % of the ATM 
energy demand comes from the grid power supply. 
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Figure 9 The main results of the PVSyst simulation for the ATM machine solar power system 

 

http://www.imjst.org/


International Multilingual Journal of Science and Technology (IMJST) 
ISSN: 2528-9810 

Vol. 8 Issue 2, February - 2023 

www.imjst.org 
IMJSTP29120859 6157 

 
Figure 10 The loss diagram showing the various losses in the ATM PV power system 

 
Table 2 The PVSyst results on the energy use in the system 
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4  Conclusion 
The rooftop PV power system for an automated teller 
machine is studied. The daily energy demand of the ATM 
was determined and the solar radiation data of the location 
was acquired. The  PVsyst  software was used to size the 
PV power system and also to analyze its performance in 
terms of  performance ratio, solar fraction, and system loss 
contents. The results showed that less than 12 %of the total 
energy demand is derived from the solar power system. 
Also, over 21 %of the energy produced from the solar 
power system are lost due to various factors. 
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