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Abstract – The world is experiencing unprecedented moments 

of energy crisis along with its associated aftermath. However, 

solutions sought in renewable energy sources have not been 

optimally exploited, and this the case of solar-based sources that 

use Photovoltaics (PVs) as an energy conversion platform. 

Through computer-based simulations, this article shows, in 

accurate figures, the extent of the effects of using the classic 

single fixed-tilt solar panels; and investigated multisided PV 

systems in order to provide an evenly distributed power as to 

address the issue of Gaussian-shaped outputs characteristic of 

fixed-tilt panels. Various multisided systems were therefore 

studied; and a double-sided PV system, with a 600 junction angle, 

was found to be the best in terms of output power level and 

smoothness. The study also suggested the adoption of 

cylindrical-shaped systems for direct and continuous output 

though with a bit lower level than the output of a double-sided 

system.  

Keywords – Distributed systems, Multisided systems, 

Photovoltaics, PV topologies, Renewable energy. 

 

I. INTRODUCTION 

The whole world is living an unprecedented time of energy 

crisis and its associated aftermath on the society and 

environment [1] and solutions have been  sought in alternative 

primary energy sources. The fossil fuels dominating the pool 

of primary energy supply are faced with depletion due to 

exponential increase in energy demand in one hand and critics 

big role in the alarming global warming and climate change on 

the other hand. 

The global demand in energy is deemed to double within the 

next two decades [2] involving an imminent increase use of 

green and renewable energy [3]. In this regard, Global Market 

Outlook [4] indicated that solar-based power would increase 

from 138.8 GW 2013 figures to 1700 GW within two and half 

decades (2030), whereas a further remarkable increase up to 

4670 GW would be expected by 2050.  In parallel, the author 

[4]  highlighted there would be an increase in the implantation 

of wind supplied power generators with a bit low impact 

observable as compared to solar powered generators. 

With the sun providing about 2 MWh/m2 to the earth [5], 

which is by far  higher than any other source of energy [6] and 

being by excellence IEA compliant, solar energy has proven 

its worth in terms alternative power generation platform for all 

the time. 

 In the context of South Africa, the Department of Energy 

(DoE) along with public electricity utility (ESKOM) plus 

private companies have made significant progress toward a 

full and optimized use of available energy sources and 

integration of the latter in the national grid. Policies involving 

Independent power producers (IPP) were adopted with regard 

to integrating distributed energy sources in electric power 

systems [7], [8]. To make this a success, smart techniques for 

grid automation and management of  power distributed 

systems were given a priority research wise [9].  

However, with focus on solar energy, low efficiency and 

inconsistent power outputs of PV cells remain an intricate 

concern to address. This has been a major and longtime 

handicap to the adoption of the PV based grid as part of the 

countries’ national grids. A lot of studies and initiatives from 

various perspectives have been conducted with encouraging 

results; of which some have been spotlighted. 

Low efficiency improvement has been targeted by much 

research in an attempt to make PV technology more viable and 

an increase of 5% could be gained by using Magnesium-doped 

quantum dot sensitized solar cells [10]. Thin film is another 
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technology which was brought forth to increase the PV 

efficiency yielding an increase of about 4% [11].  

While the efficient is inherent to the scarcity of material 

used to manufacture PV cells, another factor lowering the cells 

output is external.  Solar cells performance reliance to weather 

conditions results in a non-uniform power distribution 

throughout the day and the year and no much can be done 

versus natural conditions. 

Nevertheless, the way PV arrays have been used do not take 

advantage of the available light for a maximum electrical 

energy conversion. PV arrays as traditionally laid on the roof 

of buildings at a certain angle can receive the maximum sun 

irradiation at noon over a whole day (Figure 1). Moreover, the 

sun shuttling between the two tropics yearly exposes the 

shortcoming of fixed tilt angle PV approach. Figure 2 shows 

combined effect of sun’s daily and yearly apparent movements 

on the output power dynamics. The PV output power was 

simulated with respect to the irradiance set at 1 kW/m2 for 

convenience purposes; the sun moving from one tropic to 

another i.e. between -23.450 and 23.450. The sun’s movement 

double effect is also shown on a 3D plot in Figure 3. The PV 

output power shown in Figure 2 reflects a moderated case with 

a minimum of 92 % of the expected output for an observer 

located in the equatorial region. With the tropic being the 

limits of observation, the best in terms of irradiance will occur 

when one tropic is experiencing the solstice whereas the 

opposite tropic is at the worse since having the longest night 

producing an output drop down to 72% of the nominal output. 

The paper aims to address the issue of the Gaussian-shaped 

PV output as represented in Figure 1. By ideally considering 

that the sun rises at 6 am, the irradiance is null, the PV output 

grows up and becomes maximum at noon and falls back to 

zero at 6 pm, ideal sunset. Thus, between sunrise and sunset, 

the power follows a sine waveform between zero and pi 

radians. Mathematically, it can be expressed as per equation 1. 

  0    ,sinMII                    (1)    

where I   is the irradiance, IM , the maximum irradiance and 𝜃, 
an angle describing the sun’s apparent movement over a day. 

Figure 3 shows in 3-D the double effect of the sun’s motion 

and the study’s expected outcome. During the day, the power 

is expected to be uniform while less may be done to 

circumvent the effect of the sun’s shuttle between the two 

tropics on the PV output; the worst case still being observed at 

poles. 

 Fig.1, Power distribution for a single classic panel 

 

 

 

Fig.2, Simulation of moderated effects of double sun’s apparent 

movement on the power 

 

Fig.3, Simulation of the study expected outcome 

II. MULTISIDED APPROACH 

A multisided PV system approach is one of the possible 

solutions to improving PV output based on a possibility such a 
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system can exhibit in terms of optimum exposure to the sun at 

any moment of the day time (Figure 4). The study therefore 

explores various type of PV arrays arrangements and was 

referred to a work which was conducted on PV topologies 

[12]. The systems’ performance was assessed trough 

simulations conducted in Matlab, a scientific and engineering 

computing environment.  

Assumptions were made for convenience and simplicity 

purposes with the aim to ease the understanding of the study 

and the interpretation of the results. The irradiance, the power 

per unity area produced by the sun, was assumed to be 

1kW/m2 and the sides of the PV system to be identical, have 

equal area and have a total area of 1m2. Hence, simulated 

results on various graphs reflect dynamics in power and 

irradiance simultaneously following the sun’s apparent 

movement. In the context of this study, a day or day time refers 

to the time interval to the night between the sunrise and sunset, 

a portion opposed to the night. The study started from a 

double-sided PV system, a direct upgrade of a classic 

single-sided. 

 

Fig.4, Picture of a tilted multisided PV system  

2.1. DOUBLE-SIDED PV SYSTEM 

A double-sided PV system was conceived in a way the 

structure allows significant and balanced exposure to the sun 

from sunrise to sunset. Therefore, the sides of the system were 

designed as to have the external angle facing the sun at noon. 

Systems with a 1200, 900, 600, 450 and 300 junction angles 

respectively were studied and exhibited power performance 

according to Figures 5 through 9, including wide and obtuse 

angles to make ensure the study is comprehensive. 

 

Fig.5, Power dynamics for a double-sided with 900 junction angle  

 

Fig.6, Power dynamics for a double-sided with 600 junction angle 

 

Fig.7, Power dynamics for a double-sided system with 1200 

junction angle 

 

Fig .8, Power dynamics for a double-sided with 450 junction angle 
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Fig.9, Power dynamics for a double-sided with 300 junction angle 

For the double-sided PV systems, simulation results showed 

that systems with 600 junction angle (Figure 6) produce better 

power dynamics in terms of steadiness and uniformity of the 

output power over the whole day though with a bit lower 

average output 0.4715 kW against 0.5259 kW and 0.5644 kW 

for systems with 900 (Figure 5) and 1200 (Figure 7) junction 

angles respectively and a bit higher than 0.4420 kW and 

0.4049 kW for systems with 450 (Figure 8) and 300 (Figure 9) 

respectively. The PV systems with 900 and 1200 angles 

manifest a remarkable power bump around noon whereas the 

remaining two exhibit a depression around the same period, 

which is not good for the load and therefore require extra 

regulation attention. Also the output power ripple for the 600 

angled system is the lowest, 0.067 kW than the rest having 

ripples ranging between 0.1261 kW and 0.616 kW. Systems 

with further more sides were investigated in the perspective of 

improved power dynamics and low ripple rates. 

2.2. THREE-SIDED PV SYSTEM 

A three-sided PV system should be the first to consider 

matching three main parts a day can be divided into, the 

morning, the noon and the evening.  

This PV system was thought of with one PV side exposed to 

the rising sun with a period of 6:00 to 10:00, another between 

10:00 and 14:00 whereas the last has to effectively deal with 

energy harvesting between 14:00 and 18:00, the sunset time. 

PV sides have the same area and are joined at right angles. 

Three sided systems with different angles were explored 

and their output power simulated in the process of seeking a 

system with a much better performance. Therefore, systems 

with wider angle than 90, thus a 1200 angled system became 

part of the stud and power dynamics plotted in Figures 10 and 

11 respectively. 

 

Fig.10, Power dynamics for a three-sided system with right angle 

junction  

 

Fig.11, Power dynamics for a three-sided system with 1200 junction 

angle 

Simulation results obtained from the strategically chosen 

three-sided systems showed that systems with 900 junction 

angle exhibit more promising output power plot though with 

a bit lower average power, 0.4152 kW (Figure 10) than 120 

angled systems, 0.5091 (Figure 11), and far away improved 

dynamics than systems separated with much wider angles. In 

this respect, systems with 900 have a significantly low ripple 

rate 29% as compared to 57% of the 1200 angled systems. In 

this perspective, it is important to notice that the wider the 

angle, the more the system tends to behave like a classic 

single-sided PV panel and has an exacerbated amount of 

power around noon. 

2.3. SYSTEMS WITH A LARGER NUMBER OF SIDES 

Systems with a higher number of sided were investigated 

namely a four, five, six seven sided and output powers were 

plotted in Figures 12 through 16 respectively. These systems 

were assumed to have junction angle equivalent to the angle 

between the sides of a base of a corresponding half polygon, 

i.e. 1350 for a four-sided, 1440 for a five-sided, 1500 for a 
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six-sided, 154.50 for a seven-sided and 157.50 for an 

eight-sided. 

 

Fig.12, Power dynamics for a four-sided system with 450 junction 

angle 

 

Fig.13, Power dynamics for a five-sided system 

 

Fig.14, Power dynamics for a six-sided system 

 

Fig. 15, Power dynamics for a seven-sided system 

 

Fig. 16, Power dynamics for an eight-sided system 

The general observation was that the six-sided had a much 

more even power distribution, 18% ripple ratio with an 

average power of 0.455 kW, followed by the four and 

eight-sided systems with 23% and 27% ripple ratios with an 

average power of 0.42 kW and 0.46 kW. The five and seven 

sided systems’ power dynamics exhibit a huge bump around 

noon, due to the presence of a middle panel permanently 

exposed to the sun the whole day which is at its peak at noon. 

III. SUMMARY OF RESULTS 

The results for the studied multisided PV systems are 

summarized in Table 1 and presented in graphs for a broad 

view and easy comparison. Parameters hereby concerned are 

the maximum power, average power, the ripple and ripple 

ratio as per Figures 17 through 20. The average power and the 

ripple ratio are especially predetermining parameters when it 

comes to the output amplitude and smoothness and hold 

therefore the key factor for best system selection. 

TABLE 1, RESULTS SUMMARY 

System-angle Max (kW) Average Ripple- Ripple 
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(0) (kW) (kW) (%) 

Double  (60) 0.500 0.472 0.067 50.0 

Double (90) 0.707 0.526 0.354 13.4 

Double (120) 0.866 0.564 0.433 71.0 

Double (30) 0.500 0.405 0.250 50.0 

Double (45) 0.496 0.442 0.126 25.4 

Three (90) 0.744 0.636 0.411 29.3 

Three(120) 0.667 0.629 0.089 56.7 

Four (135) 0.458 0428 0.104 22.8 

Five (144) 0.647 0.507 0.339 52.4 

Six (150) 0.483 0.455 0.089 18.3 

Seven (154.5) 0.642 0.505 0.329 51.2 

Eight (157.5) 0.519 0.470 0.142 27.4 

 

 

Fig.17, Maximum power comparison 

 

Fig.18, Average power comparison 

 

Fig.19, Ripple comparison 

 

Fig.20, Ripple ratio comparison 

IV. RESULTS DISCUSSION, ANALYSIS AND 

INTERPRETATION 

Results for various PV systems investigated produce 

similarities regarding some parameters including the 

maximum and average output power. Double-sided and 

three-sided systems with  junction angles greater than 900 have 

a maximum output greater than 0.7 kW and an average slightly 

greater than 0.5 kW whereas those with junction angle smaller 

than 900 supply a maximum of 0.5 kW and an average power 

ranging between 0.40 kW and 0.47 kW. In terms of ripple 

values, obtuse angles provide smaller ripple ratios and 

therefore a smoother output, and a 600 angled PV system was 

found to have the best power dynamics and lowest ripple and a 

reasonable average output power of about 0.5 kW. 

For the rest, the four, the six and eight sided systems proved 

to have peak output powers ranging between 0.46 kW and 0.52 

kW and an average lying between 0.43 kW and 0.46 kW. The 

mentioned systems offer an advantage of good power 

distribution, with the 600 angle systems having the lowest 

ripple ratio, 18.3%. Though the five and the seven sided can 

supply peak output powers greater than 0.64 kW and an 

average power a bit greater than 0.5 kW, their ripple ratio is a 

setback when it comes to the output smoothness. This is a 

general observation with regard to PV systems with an odd 

number of sides, same as with half cylinder shaped systems. 

However, much regulated power outputs may be obtained 

using closed systems such as hollowed polygonal prism and 

cylindrical shaped systems (Figure 21). The power dynamics 

of such PV topologies were studied and the average output 

found to be 0.32 kW out of 1kW PV system nominal power, 

findings derived from a work explained in [12] [13]. In this 

respect a cylindrical shaped system may provide a perfectly 

regulated output power of about 0.32 kW for a total PV area of 

1 m2 and an irradiance of 1 kW/m2. 
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Fig.21, Cylindrical-shaped PV system 

V. CONCLUSION 

As a conclusion, from the pool of PV systems hereby 

studied, a double-sided system with a 600 junction angle 

shows much promise in terms of efficient utilization of sides, 

good output power average and smoothness. Come closed PV 

systems; hollowed cylindrical-shaped systems prove to be the 

best in applications where regulated power is imperative. 
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