
0 
 

 



1 
 

    

 

Creative Commons Attribution-NonCommercial-NoDerivatives 

4.0 International Public License (CC BY-NC-ND 4.0): Authors 

Cover design: Aku Studio 

Typesetting: Lidia Mazurkiewicz, MSc, Eng. 

Publisher: Ignacy Lukasiewicz Energy Policy Institute  

Technological Incubator 4 

Jasionka 954E 

PL 36-002 Jasionka 

eps@instytutpe.pl 

http://www.instytutpe.pl/en/eps-en/ 

Editorial Board: 

Prof. PRz, Mariusz Ruszel, PhD, Dsc, Rzeszow University of Technology, Rzeszow, Poland – Editor in 

Chief 

Prof. PRz, Adam Masłoń, PhD, Eng, Rzeszow University of Technology, Rzeszow, Poland – Editor 

Anna Kucharska, PhD – Jagiellonian University, Krakow, Poland – Editor 

Przemysław Ogarek, B.A. – Rzeszow University of Technology, Rzeszow, Poland – Editorial Assistant 

Scientific Board: 

Prof. PRz, Stanisław Gędek, PhD, DSc, Eng – Rzeszow University of Technology, Rzeszow, Poland  

Prof. Andrea Stocchetti, PhD, DSc – Ca’Foscari University Venezia, Venice, Italy 

Prof. Wim Heijman, PhD, DSc – Wageningen University & Research, Wageningen, Netherlands  

Prof. Dzintra Atstāja, PhD, DSc – Banku Augstskola, Riga, Latvia 

Prof. Piotr Moncarz, PhD, DSc – Stanford University, California, USA 

Prof. Władysław Mielczarski, PhD, DSc – Lodz University of Technology 

Prof. SGH, Grażyna Wojtkowska-Łodej, PhD, DSc – SGH Warsaw School of Economics, Warsaw, Poland  

Mariusz Swora, PhD, DSc – Member of the BoA ACER, Mariusz Swora Legal Office, Gniezno, Poland  

Prof. KUL, Andrzej Podraza, PhD, DSc – The John Paul II Catholic University of Lublin, Lublin, Poland  

Prof. AGH, Adam Szurlej, PhD, DSc, Eng. – AGH University of Science and Technology, Krakow, Poland 

Prof. UJ, Tomasz Młynarski, PhD, DSc – Jagiellonian University, Krakow, Poland  

Prof. ISP PAN, Paweł Borkowski, PhD, DSc – Warsaw University, Warsaw, Poland 

e-ISSN: 2545-0859 

The electronic version of the journal is the original version. 

Rzeszow 2020 

 



3 
 

 

 

Design of a Subscription Based Community  

Solar Energy System for the Business Community of the “Back 

Gate”, Alex Ekwueme Federal University Ndufu-Alike, Ikwo,  

Ebonyi State, Nigeria 

 

Thomas Ojonugwa Daniel, Enobong Patrick Obot,  

George-Best Azuoko, Isaac Onuche Negedu, Orji Amah 

__________________________________________________________________________________________

Abstract: This study presents a model design of a subscription based community solar energy for the business 

community of the “Back gate”, Alex Ekwueme Federal University Ndufu-Alike Ikwo. The business community 

is largely dependent on the use of fossil fuel generators due to the absence of connection to the Nigeria national 

electricity grid. The extensive use of the fossil fuel is not only associated with environmental pollution and global 

warming but its reserve is also finite, non-renewable and expensive. This study presents the use of solar energy to 

supply the electrical energy need of twenty (20) business premises at the study location. The design was carried 

out according to the daily electrical load profile of the community, taking into consideration the solar irradiation 

data of the location, the geographical location and the weather condition. The sizing of each of the system 

components and the economic analysis of the system in terms of the life cycle cost and electricity unit cost was 

also taken into consideration.  The subscription based community solar with smart meter control gives energy 

access at reduce cost, the total unit of consumption, unit balance and other energy status per time. The unit cost of 

electricity using the model design was determined as #0.078/kWh which is cheaper with real time energy costing 

via a smart meter thereby encouraging the usage of the energy system as an efficient system with enhanced energy 

accessibility, real time energy services, climate change adaption by reduction of greenhouse gas emission, clean 

energy development plans/implementation within the community and an investment platform for would-be 

investors and philanthropist.  

Key words: Community solar energy, charge controller, inverter, battery, Smart meter, Photovoltaic array 

1.0. Introduction 

Ndufu-Alike community in Ikwo local government area of Ebonyi state, Nigeria is largely 

dependent on fossil fuel generators for their electrical energy need due to unavailability or in-

adequacy of electric power supply within the community. Behind the Alex Ekwueme Federal 

University Ndufu-Alike (Figures.1 and 2) is a business community at the location popularly 

called the “back gate” which are largely involved in typesetting, printing, photocopying, bind-

ing, scanning and lamination of students assignments, projects and other documents. Their ex-

tensive use of fossil fuel is not only associated with environmental pollution and global warm-

ing but its reserve is also finite and non-renewable (Sagar, 2005; Fashina, 2019). The imbalance 

between energy demand and supply in electrical energy has necessitated the proliferation of 
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these generators (especially “I better pass my neighbor generators” as used and called in Nige-

ria) which are dependent on fossil fuel, gasoline and diesel for operation. This alarming mass 

dependence on it exposes communities or persons around the location to the emission of green-

house gases and air pollution. 

 
Figure 1: Google Map showing the study location described by the red polygon 

Among the existing clean and renewable energy sources, solar energy is one of the most 

promising as the other sources are limited in their applications due to geographical condition-

ing, among other factors. The study location has evidently proven to be viable for solar energy 

installation as seen from the solar irradiation data of the location and the recent commissioning 

of a 2.8MW off grid solar hybrid power plant at Alex Ekwueme Federal University Ndufu-

Alike Ikwo (FUNAI), Ebonyi State on August 2, 2019 by the Federal government of Nigeria 

(https://rea.gov.ng/osinbajo-inaugurates-2-8mw-solar-power-plant-funai/) which is only lim-

ited to the University campus. Solar energy technology also called the photovoltaic (PV) system 

has been characterized as eco-friendly, abundantly available with no geographical restrictions 

and is based on the photovoltaic phenomenon (Saleh et al., 2015). 
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Figure 2: Location map of AEFUNAI showing 20 selected business centres at the “back gate”  

The PV system consists of an arrangement of solar arrays which encompasses the en-

semble of solar panel to absorb and convert sunlight into electricity, a solar inverter to change 

the electric current from direct current (DC) to alternating current (AC), installations cables, 

batteries for storage of surplus energy for use at night and the solar charge controller also called 

an integrated battery solution for providing regulated DC output as well as monitoring of battery 

voltage among other components of the systems (Guda and Aliyu, 2015).  

PV system ranges from roof top mounted, ground mounted and wall mounted to build-

ing integrated system with capacities from a few to several thousand watts to large power sta-

tions megawatts generation. PV systems have no moving parts and such do not produce noise. 

It is highly module in nature, reliable, pollution free, requires little or no maintenance cost and 

can be easily installed at a choice location. Though the output from PV generator is zero at 

night, the incorporation of battery ensures that the PV generator charges the battery during the 

day while the battery serves as the power source at night so as to mitigate the issue of PV 

intermittency hence enhancing reliability (Hasan et al., 2016). 

Many electricity end users are not able to implement individual solar energy installa-

tions due to financial or technical reasons.  Although there are reports on PV system design, 

these reports are limited to standalone PV system for a single residential building (Abu-Jasser, 

2010; Guda and Aliyu, 2015; Hasan et al., 2016), local government offices (Johnson and Ogun-

seye, 2017), Laboratories (Saleh et al., 2015; Mahmood, 2019) and Hybrid off-grid solar system 

(Chukwuemeka and Felix, 2018). The concept of community solar for energy accessibility is 

rarely reported. A community solar energy system is a mini solar plant whose electricity is 

shared by more than one property, building, shop or business premises. It is often ground 

mounted solar photovoltaic energy arrays which are smaller in installation size and power out-

put than the utility scale solar PV systems but significantly larger than most individual roof top 
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installations (Markvart et al., 2006). The primary purpose of community solar is to allow mem-

bers of a community the opportunity to share the benefits of solar power even if they cannot or 

prefer not to install solar panels on their property. Homes and businesses, even if shaded by 

trees, receive a bill credit as if the panels were on their own roof using “virtual net metering” 

or smart energy meter which cost less than they would ordinarily pay to their utility provider. 

The solar garden allows people to go solar even if they do not own property or roof top, thereby 

making it an attractive option for renters or those who live in shared building. The community 

solar has two modes of participation namely the ownership and the subscription mode/model 

of participation (Joshi and Yenneti, 2020).  

The ownership model allows participants to own some of the panels or a share in the 

solar energy installation project such that they benefit from all the power produced by their 

share of the solar panels or in the installed solar energy system. In such a model, an individual 

can purchase enough share to meet the individual’s annual or monthly energy requirement or 

electricity use such that a matching proportion of the installed system’s actual output is credited 

through the individual’s electricity bill or through some other form of arrangement with the 

solar energy system or project administrator.  

The subscription model which is the model adopted in this study allows participants to 

become subscribers and pay a lower price for the electricity sourced from the community solar 

farm without owning the panels or paying for the installation. A third party or a utility company 

could develop and own the project and then extend an opportunity to the public to participate 

using smart meter so as to enhance real time energy consumption and costing (Chan et al., 

2017). A pictorial diagram of a typical solar garden and array concept is shown in figure 3, 

figure 4 shows an offsite shared solar while figure 5 shows how a solar garden works. 

 
Figure 3: A solar garden array (https://www.sunshinecoast.evolutionsolar.com.au) 
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Figure 4: Community solar energy concept (https://www.energy.gov/eere/solar/community-and-shared-solar)  

 
Figure 5: How solar garden works (https://www.sunshinecoast.evolutionsolar.com.au) 



Design of a Subscription Based Community Solar Energy System for the Business Community … 

__________________________________________________________________________________________ 

 

8 
 

This study proposes a model which can be built upon for enhancing energy accessibility in 

a poor energy state of Nigeria, energy investment, renewable energy policy platform, climate 

change adaptation by adoption of renewable energy over fossil fuel generators and real time 

energy costing using a community solar concept with smart energy metering for the “back gate” 

small scale business community of Alex Ekwueme Federal University Ndufu-Alike, Ikwo-Eb-

onyi state as a prototype/model. The study also shows that although, the initial investment/in-

stallation cost of solar energy system might be high its long time gain is enormous as given by 

the economic analysis thereby encouraging the participation of individuals, cooperate bodies 

and possible integration of the solar energy system into the Nigeria National grid given its out-

lined potentials as a way out to the nation’s energy crisis.  

2.0. Solar garden design Considerations/sizing 

A basic block diagram of the solar energy generation is shown in figure 6 consisting of solar 

PV array, Charge controller, inverter, Battery and AC/DC loads. 

Figure 6: Basic block diagram for a solar system  

The PV system design is essential for determining the voltage, current and power ca-

pacity of the system components for participating residential load profile balance/requirement.  

A local survey and energy auditing was carried out to determine the basic gadgets/appliances 

and their power consumption used by the business premises. It was discovered that the business 

premises largely use Photocopying machines, Laminating machines, Scanning machines, Lap-

tops/Desktops, electric fans and phone charging points. A total of twenty shops (20) majorly 

involved in these appliances usage were selected. The basic power consumption of each of these 

appliances was selected after which the average of the range of power consumption by the 

appliances and average number of each of the items in a given shop was taken for the calculation 

of the energy profile and other system considerations. A usage period of 7:30am to 6:30 pm  

(11 hours) West African time was considered since it is the active period of the students’ avail-

ability on campus for academic activities by which the students also visit the business commu-

nity. The average sun hours per day was estimated as five (5) hours. The loads are the power 

consuming units of the PV system which could be resistive or inductive loads. Each of the block 
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items are discussed below taking into consideration energy demand, materials required/availa-

bility, cost consideration and efficiency factors. 

2.1. Consumer energy demand (CED)/Residential load profile  

The consumer energy demand (CED) which is the sum total of the energy demand by 

the chosen loads was calculated to determine the choice of other solar system design parameters 

taking into cognisance the duration of usage of loads, given the power requirement of the load 

as shown in table 1.The consumer energy demand for a given load which was used to obtain 

table 1 is expressed by equation 1 (Okwu et al., 2017): 

𝐶𝐸𝐷 = 𝑄 × 𝑃 × 𝑇           (1) 

Where Q= Quantity of the load, T= Duration of usage of the load per day in hour (H) and   P= 

Power rating of the load. 

Table 1: Consumer energy demand 

S/N Load Quantity 

Q 

Power 

rating 

per unit 

P (Watt) 

Total power 

rating (W) 

Usage/Duration 

T (H) per day 

CED 

(WH) 

1 Photocopier 20 725 14500 6 87000 

2 Laminating 

Machine 

20 30 600 3 1800 

3 Scanner 20 12 240 3 720 

4 Printer 20 523 10460 6 62760 

5 Laptop 20 83 1660 11 18260 

6 Desktop 60 310 18600 11 204600 

7 Electric Fan 20 80 1600 11 17600 

8 Lighting 

bulb 

(Compact 

fluorescent 

lamp) 

20 10 200 1 200 

9 Cell phone 

charging 

80 2.5 200 11 2200 

Total consumer energy demand (CED)                                                           =395140WH 

Source: Survey of selected equipment and energy demand/audit of case study location 

2.2. The Solar panel 

For the community solar comprising of twenty (20) business premises as a model, the 

panel requirement was based on the total consumer energy demand (CED) as calculated in table 

1. Although different types of solar panels exist with varying efficiency, for design involving 

interconnections of solar panels, panels of the same make or type is of optimum importance for 

required efficiency. For the model design in this study a choice of monocrystalline solar panels 

with a rated efficiency of 80 % was made. The solar panel was selected taking into cognisance 
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factors which affect the efficiency of solar panel such as resistance, reflection, recombination 

and non-usable energy since only 20% of the about 1000W, 1 m2of solar energy radiated by the 

sun can be harnessed using solar panel which can be mounted on a roof top or a chosen site 

with provision for free movement in between the arrays for inspection.  

A solar module: AE EXTREME 320P6-72 was selected for the design/ PV array sizing 

with specifications of: Rated voltage of one module (𝑉𝑟𝑚) = 𝑉𝑚𝑝 = 36.75𝑉, rated current of 

one  module(𝐼𝑟𝑚) = 𝐼𝑚𝑝 = 8.71𝐴, Short circuit current (𝐼𝑠𝑐  ) = 9.28 𝐴,   

Power rating of module = 320𝑊; dc voltage of the system/system voltage (𝑉𝑑𝑐) = 96𝑉. 

Other parameters for the PV array sizing are: Average sun hours per day  (𝑇𝑠ℎ) = 5 𝐻𝑜𝑢𝑟𝑠 

Average daily energy demand (𝐸𝑑) = 395140 𝑤𝑎𝑡𝑡 − ℎ𝑜𝑢𝑟𝑠 

The required daily average energy demand (𝐸𝑟𝑑) is obtained by dividing the daily av-

erage energy demand by the product of the efficiency of all the basic system components which 

is given by equation 2 (El Shenwy et al., 2017): 

  𝐸𝑟𝑑 =
𝐸𝑑

ŋ𝑏ŋ𝑖ŋ𝑐
                    (2) 

Where ŋ𝑏=Battery efficiency=0.90;  

ŋ𝑖=Inverter efficiency=0.97 

ŋ𝑐=Charge controller efficiency=0.98 

𝐸𝑟𝑑 =
395140

0.90 × 0.97 × 0.98
 

𝐸𝑟𝑑 = 461860.35𝑘𝑊ℎ/𝑑𝑎𝑦 

The average peak power 𝑃𝑎𝑣,𝑝𝑒𝑎𝑘 =
𝐸𝑟𝑑

𝑇𝑠ℎ
=

461860.35

5
 

= 92372.07𝑤 

The total dc current of the system is given by equation 3 (Chukwuemeka and Felix, 

2018) while equation 4 and 5 (Mahmood, 2019) gives the number of modules to be connected 

in series and in parallel respectively. 

                                                𝐼𝑑𝑐 =
𝑃𝑎𝑣,𝑝𝑒𝑎𝑘

𝑉𝑑𝑐
                                                                                       (3) 

=
92372.07

96
= 962.21 𝐴 

Number of modules in series 𝑁𝑠𝑚   =
𝑉𝑑𝑐

𝑉𝑟𝑚
                                                                            (4) 

                                                                    =
96

36.75
= 2.61  

     ≅ 3 modules 

Number of modules in parallel 𝑁𝑝𝑚 =
𝐼𝑑𝑐

𝐼𝑟𝑚
                                                                                   (5) 

=
962.21

8.71
= 110.47 

≅110 

Approximately three (3) modules are needed in series while one hundred and ten (110) 

modules are needed in parallel. The total number of modules (𝑁𝑡𝑚) that forms the array was 
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determine by multiplying the number of parallel modules  by the series modules to give the 

total required number of modules as 330 using equation 6 (Btineth and Dalahal, 2012): 

                                                        𝑁𝑡𝑚 = 𝑁𝑠𝑚 × 𝑁𝑝𝑚                  (6) 

    = 3 × 110  

    =330 modules  

The distance (D) of separation between the panel and the battery was limited to 10 m in 

order to reduce the voltage drop along the cable from the solar panel since the solar panels are 

often mounted at some distance away from the battery in order to achieve maximum energy 

thus causing a distance of separation.  

2.3. Solar charge controller 

The standard practice of sizing the charge controller is to ensure that it is able to with-

stand the product of the total short circuit current of the solar array. The required charge con-

troller current (𝐼𝑟𝑐𝑐) is given by equation 7 (Btineth and Dalahal, 2012) : 

𝐼𝑟𝑐𝑐 = 𝐼𝑠𝑐
𝑚 × 𝑁𝑝𝑚 × 𝐹𝑠𝑎𝑓𝑒                                                                                                        (7) 

The safe factor (𝐹𝑠𝑎𝑓𝑒) has a value of 1.25, while𝐼𝑠𝑐
𝑚 is the short circuit current of the 

selected module with a value of 9.28 A. Using the number of parallel modules (𝑁𝑝𝑚) as 110 as 

calculated in equation 6: 

                                                                  𝐼𝑟𝑐𝑐  = 𝐼𝑠𝑐
𝑚 × 𝑁𝑝𝑚 × 𝐹𝑠𝑎𝑓𝑒                                                    (8) 

                         = 9.28 × 110 × 1.25 

 = 1276 𝐴 

Selecting a charge controller, I-Panda MPPT Solar converter (System voltage 

96V/192V/216V/240V/384V automatic recognition, Rated current: 50A; 60A; 70A; 80A) with 

preferred 𝑉𝑐𝑐 = 96𝑉 𝑎𝑛𝑑  𝐼𝑐𝑐 = 80𝐴 ; 

Number of charge controllers 𝑁𝑐𝑐 =
𝐼𝑟𝑐𝑐

𝐼𝑐𝑐
=

1276

80
= 15.95 

     ≅ 16 

As such sixteen charge controllers of 80A each will be suitable and hence were preferred for 

the design. 

2.4. Battery, Battery connection and battery capacity calculation/Sizing 

A deep cycle battery was preferred which is also the most recommended battery for  

a solar PV design with an advantage of many times of recharging cycles after discharge. The 

estimated energy storage (𝐸𝑒𝑠𝑡) is determined using equation 9 (Hasan et al., 2016); 

                                                    𝐸𝑒𝑠𝑡 = 𝐸𝑑 × 𝐷𝑎𝑢𝑡                                                                      (9) 

Where 𝐸𝑑 is the average daily energy demand of the participating business premises which was 

calculated as 395140 watt-hours. 𝐷𝑎𝑢𝑡 is the number of autonomous days and was taken to be 

3days. Substituting into equation 9: 

          𝐸𝑠𝑡 = 395140 × 3 = 1185420𝑊ℎ 
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Selecting a deep cycle VRLA/SMF Luminous battery with specification 𝐶𝑏 (Capacity 

of a single battery in Ah) = 250 Ah, 𝑉𝑏 (Rated dc voltage of one battery) =12V and 𝐷𝑑𝑖𝑠𝑐ℎ (Max-

imum depth of discharge also called depth of discharge DOD) =80%. The safe energy stor-

age (𝐸𝑠𝑎𝑓𝑒) by the battery was calculated using equation 10 while the total battery capacity 

(𝐶𝑡𝑏) calculated using equation 11 (Hasan et al., 2016): 

                                                                𝐸𝑠𝑎𝑓𝑒 =
𝐸𝑒𝑠𝑡

𝐷𝑑𝑖𝑠𝑐ℎ
=

1185420𝑊ℎ

0.8
= 1481775𝑊ℎ               (10) 

The total capacity of the battery bank in ampere hours (𝐶𝑡𝑏) is determined by dividing the safe 

energy storage by the rated dc voltage of one battery 𝑉𝑏 as follows: 

                                                                 𝐶𝑡𝑏 =
𝐸𝑠𝑎𝑓𝑒

𝑉𝑏
=

1481775𝑊ℎ

12
= 123481.25 𝐴ℎ                (11) 

The total number of batteries (𝑁𝑡𝑏)  is obtained by dividing the total capacity of the battery bank 

by the capacity of one of the selected batteries and is given by equation 12:  

                                                                𝑁𝑡𝑏 =
𝐶𝑡𝑏

𝐶𝑏
=

123481.25𝐴ℎ

250 𝐴ℎ
= 494              (12) 

The number of batteries in series (𝑁𝑆𝑏) was determined using equation 13 (Pal et al., 2015): 

                                                                 𝑁𝑠𝑏 =
𝑉𝑑𝑐

𝑉𝑏
                                                            (13) 

     =
96

12
= 8 Batteries 

Number of parallel battery strings was determined using equation 14 (Abu-Jasser, 2010): 

                                                                    𝑁𝑝𝑏 =
𝑁𝑡𝑏

𝑁𝑆𝑏
                                                                 (14) 

=
494

8
= 61.75 

     ≅ 62  Batteries  

The required total number of batteries (𝑁𝑟𝑡𝑏) was determined using equation 15 after calculat-

ing the number of batteries in series and parallel. 

                                                                  𝑁𝑟𝑡𝑏 =  𝑁𝑆𝑏 × 𝑁𝑝𝑏                                                    (15) 

                                                                      𝑁𝑟𝑡𝑏 = 8 × 62 = 496 Batteries 

Four hundred and ninety six, 12V batteries with capacities of 250 Ah each is preferred 

to give the total capacity of 123500 Ah. Battery of same capacitance of 250 Ah each were 

selected for connection in order to ensure optimum performance. Although the energy usage 

period is largely within the day time, 7:30am to 6:30pm there will still be need for energy 

storage for off-peak usage due to variation in solar irradiation with changing weather condi-

tions.  

2.5. Inverter rating 

An inverter is rated by its output power (𝑃𝑘𝑣𝑎)  and DC input voltage (𝑉𝑑𝑐). The inverter 

was designed to have a power rating that is equal to 125% of the sum of the power of all loads 

running simultaneously (inductive and non-inductive appliances) and 3.5 times the sum of the 

power of all inductive appliances. The total power consumed by the defined loads is expected 

to have same nominal voltage of the battery bank that is charged by the solar PV module. Thus 

the inverter power (𝑃𝑖𝑛𝑣)  was determined using equation 16 (Saleh et al., 2015) : 
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                                        𝑃𝑖𝑛𝑣 = 1.25 (𝑃𝑠𝑢𝑚 + 3.5𝑃𝑖𝑛𝑑)                                                          (16) 

Where 𝑃𝑖𝑛𝑣 = Power of the inverter 

𝑃𝑠𝑢𝑚 =Power of all loads running simultaneously (Resistive loads +Inductive loads) 

          =48060 W  

𝑃𝑖𝑛𝑑= Power of all inductive loads with large surge current=27400W 

𝑃𝑖𝑛𝑣 = 1.25 (48060 + 3.5 × 27400) 

                                                    𝑃𝑖𝑛𝑣=179950𝑊 = 179.95𝑘𝑊 

The power rating of an inverter is related to the real power that is delivered by the output of the 

inverter and is given by the equation 17 (Saleh et al., 2015): 

𝑃𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑃𝐹) =
𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑎𝑏𝑙𝑒 𝑟𝑒𝑎𝑙 𝑝𝑜𝑤𝑒𝑟

𝑃𝑜𝑤𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 (𝑃𝐾𝑉𝐴)
                                                   (17) 

The real power is the power consumed for work on load while the PF is generally taken as 0.8. 

0.8 =
179.95𝑘𝑊

𝑃𝐾𝑉𝐴
 

𝑃𝐾𝑉𝐴 = 143.96𝑘𝑉𝐴 

The standby mode power consumption which is the power consume by the system when 

it is not delivering power to the load was taken into consideration. It is usually 5VA per hour. 

Assuming the system runs for 24 hours, then the standby mode power consumption will be 

120VA.Thus the rating of the inverter preferred for the design is 150 kVA. 

2.6. Cable sizing 

Two types of cables consisting of the inverter to distribution board (DB) system (AC 

current) of the individual residence and the PV array to battery bank (DC current) through 

charge controller was considered which is calculated thus: The PV array to battery bank through 

the charge controller’ is obtained using the relation 

𝐼𝑐𝑎𝑏 = 𝐼𝑟𝑐𝑐 = 𝐼𝑠𝑐
𝑚 × 𝑁𝑝𝑚 × 𝐹𝑠𝑎𝑓𝑒 Where each parameter has the same meaning and value.  

𝐼𝑐𝑎𝑏 = 9.28 × 110 × 1.25 = 1276𝐴 

Hence a 3 × 35 𝑚𝑚2 insulated flexible copper cable was selected. For the inverter to distribu-

tion board system of each of the business premises/shop, the cable is based on the maximum 

continuous input current which is obtained from equation 17 (Saleh et al., 2015) as: 

𝐼𝑜𝑖 =
𝑃𝑖

𝑉𝑜𝑖×𝑃𝐹
                                                                         (17) 

Where 𝑉𝑜𝑖 = Output AC voltage of inverter,  𝐼𝑜𝑖  = Current at inverter output 

=
179950𝑊

240 × 0.8
= 937.23 𝐴 

For each residence, 𝐼𝑜𝑖 = 46.86 A. Hence a 3 × 10 𝑚𝑚2 insulated flexible copper cable was 

selected. 

2.7. Smart metering 

A smart meter was employed in the model design to provide a means of energy control 

and real time energy consumption costing using telecommunication for the automated trans-

mission of data to facilitate energy costing and energy consumption evaluation. The smart meter 



Design of a Subscription Based Community Solar Energy System for the Business Community … 

__________________________________________________________________________________________ 

 

14 
 

will give information on energy unit consumed, energy unit remaining, and other energy status 

at a given point in time using the short message service (SMS). The smart meter design for the 

energy consumption by the participating business premises consists of a Global System for 

Mobile Communications (GSM) modem, a microcontroller, a liquid crystal display, a Relay, 

output load, Analogue to digital converter (ADC) and power supply. While an embedded “C” 

language program consisting of attention (AT) command string/set was selected for installation 

as the communication gate way for exchange of instructions/data after conversion of the source 

code to Hex file for interpretation or use by the microcontroller which is shown in form of  

a block diagram in figure 7. 

 
Figure 7: Block diagram of the smart energy meter 

The entire system is powered by a 12V dc power supply unit. The microcontroller re-

ceives input from the GSM unit and sends it to trigger ON or OFF the relay. The relay receives 

the signal and either switches ON or OFF the energy supply to the participating shops or busi-

ness premises. The microcontroller also receives signals from the phone and triggers the relay 

accordingly. At the interface between the smart energy meter and the microcontroller is the 

analogue to digital converter which receives analogue signals from the meter, converts to digital 

signal/equivalence in the form of unit of energy consumption, energy unit balance, low unit 

alert and other energy status as the case may be for processing by the microcontroller and further 

display by the liguid crystal display. A control centre will be in charge of the data base of each 

subscriber’s data such as name, phone number, shop number, SIM ID and energy consumption 

records where amount of energy unit paid for, unit used and energy unit balance will be used to 

update the individual subscriber’s data base for energy evaluation, planning, maintenance and 

management per time. As the energy is consumed by the loads in the individual participating 

residence, the smart meter sends units consumed to the prepared card which converts the unit 

consumed into expenditure (E) at every given instant after which it subtracts it from the re-

charged/subscribed unit amount (𝑅𝐴 ) to obtain a balance (B) which is mathematically given by 

equation 18 (Joy, 2006) as: 

𝑅𝐴 − 𝐸 = 𝐵                                                         (18) 
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The expenditure is calculated from the relation 𝐸 = 𝑁𝐴 + 𝐶𝐶, the current charge 𝐶𝐶 =

𝐸𝐶 × 𝐸𝑁 × 𝑀𝐹  while the energy charged per kWh 𝐸𝐶 = 𝐿𝑅 − 𝑃𝑅. Where 

𝐿𝑅 =Last system reading, 𝐸𝐶=Energy consumed, 𝐸𝑁=Energy charged per kWh 

𝑀𝐹=Multiplier factor, 𝑁𝐴=Net arrears, 𝑅𝐴=Recharged amount or subscribed unit amount 

𝑃𝑅=Present reading 

2.8. Safety and protective devices 

A fuse would be installed in series with each of the string to protect the modules and 

conduction from excess current and also to isolate faulty strings so as to enhance continuous 

energy supply. A lightning arrestor is recommended for installation to divert any surge which 

could be caused by lightning strike given the outdoor instalment. Selected earthly standards for 

the model design are BS6651, BS7430 and BS7671. DC disconnector at the DC side are also 

recommended as isolation devices to allow easy disconnection of the solar energy source in the 

event of system maintenance or fault.  

2.9. Summary of PV model system components  

A summary of the designed, selected or preferred components of the PV system com-

prising of the solar module, batteries, charge controller, cables, metering/control and safety/pro-

tection devices is shown in table 2 in terms of component model, power rating, voltage and 

current. 

Table 2: Summary of PV model system components 

S/N Component Quantity Model Power rating 

(W/Ah) 

Voltage 

(V) 

Current 

(A) 

1 Solar module 330 AE EXTREME 

320P6-72 

320 W 36.75 8.71 

2 Battery 

(Optional) 

496 LUMINOUS 

VRLA/SMF 

Deep cycle Battery 

250 Ah 12 - 

3 Inverter 06 LUMINOUS 

25kVA/240V 

20000 W 360 

Vdc/240Vac 

66A 

dc/66A ac 

4 Charge controller 16 I-Panda 

240v/60A MPPT 

Solar controller 

Not applicable 96 80 

5 Cables As required Array to Battery 

Inverter to DB 

3× 35 and 

3× 10𝑚𝑚2 

Insulated copper cable & 

flexible copper 

6 Smart energy meter 21 Not applicable Not applicable Not applicable Not appli-

cable 

7 Protective/Safety de-

vices 

As required Not applicable Not applicable Not applicable Not appli-

cable 

Source: Theoretical analysis with the use of computational models/formulas and market/product survey for com-

ponents specifications 

3.0. Economic/investment cost analysis 

A summary of the components cost of the modelled solar energy system is shown in table 3. 

S/N Component Quantity Unit cost (N) Total cost (N) 

1 PV Module 330 75000 24750000 
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2 Charge controller 16 240000 2640000 

3 Battery 496 130000 64480000 

4 Inverter 06 1500000 9000000 

5 Cables (PV to battery & 

Inverter to Distribution board) 

560 yards each                              1000 per yard 

1050 per yard 

560000 

588000 

6 Smart meter 21 30000 630000 

7 Design,Labour, installa-

tion/control cost 

Not applicable  1500000 

Total                                                                                                                                                      (N) 104148000.00K 

Source: Theoretical analysis with the use of computational models/formulas and market/product survey for com-

ponents specifications 

The life cycle cost (LCC) analysis is used to evaluate the behaviour of the proposed 

energy system. The life cycle cost analysis covers initial capital cost of components purchase 

and installation stage, operation and maintenance stage and the replacement stage. The opera-

tion and maintenance costs (OMC) include annual periodic expenses for system management, 

site supervision and maintenance. The LCC analysis takes into cognisance the longest life cycle 

of all system components. The storage batteries in the PV system are expected to be replaced 

every 5-10 years according to the battery type and operating conditions. The life cycle of the 

luminous battery proposed is 10 years while that of the PV modules is 25 years. The possible 

escalation trend in the overall costs of the system called inflation (i) and the possible decrease 

in the components cost with future mass production called the discounts (d) were considered 

for future estimation. The annual operation and maintenance cost is 2% of the PV initial cost 

(Shenawy, 2017) while the inflation rate (i) and the discount rate (d) was considered as 5 and 

10% respectively. The annual OMc cost was calculated using equation 14; 

𝑂𝑀𝑐 = 2% PVc × (
1+𝑖

1+𝑑
) |

1−(
1+𝑖

1+𝑑
)

25

1−(
1+𝑖

1+𝑑
)

|                   (14) 

𝑂𝑀𝑐 = 2/100 × 24750000× (
1+0.05

1+0.1
) |

1−(
1+0.05

1+0.1
)

25

1−(
1+0.05

1+0.1
)

|  

 =  N 6804000.00 

The battery replacement costs are usually calculated for the first time after 10 years and 

for second replacement after 20 years since the battery life is considered as 10 years. This is 

calculated using equation 15 (Mahmood, 2019): 

                                                                          𝐵𝐶1 = 𝐵𝐶 [
1+𝑖

1+𝑑
]

10

                       (15a) 

                                                                         𝐵𝐶2 = 𝐵𝐶 [
1+𝑖

1+𝑑
]

20

                       (15b) 

Where BC, the storage battery cost is N 64480000. 

𝐵𝐶1 = 64480000 [
1 + 0.05

1 + 0.1
]

10

 

              = N 38688000.00 

𝐵𝐶1 = 38688000 [
1 + 0.05

1 + 0.1
]

20
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              = N 13927680.00 

 

The system’s life cycle cost was calculated using equation 16 (Shenawy et al., 2017) by 

adding PVc, BC1 (Battery cost), BC2 (Battery replacement), Inverter cost (Invc), Controller cost 

(CC), Installation cost (IC), Operation and maintenance cost (OMc). 

LCC=PVC+BC+BC1+BC2+InvC+IC+OMC               (16) 

= 24750000+64480000+38688000+13927680+9000000 

+2640000+6804000 

       = N 160289680 

The annual life cycle cost (ALCC) was estimated using equation 17 (Shenawy et al., 2017). 

𝐴𝐿𝐶𝐶 = 𝐿𝐶𝐶 [
1 − (

1 + 𝑖
1 + 𝑑

)

1 − (
1 + 𝑖
1 + 𝑑

)
25] 

𝐴𝐿𝐶𝐶 = 160289680 [
1 − (

1 + 0.05
1 + 0.1 )

1 − (
1 + 0.05
1 + 0.1 )

25] 

 

      = 11220277.60 K 

The unit electrical cost (UC) in   N /kWh can be estimated from the annual life cycle 

cost and the annual energy generation by the system using equation 18 (Mahmood, 2019); 

𝑈𝐶 =
𝐴𝐿𝐶𝐶

365×𝐸𝐿
                                                                       (18) 

 

     = 
11220277.60

365×395140
 

     = N 0.078/kWh 

This is the unit cost of the installed system over 20 years of operation. A charge of  

N 0.078/kWh is far cheaper than the present N 30.93/kWh currently charged by the privatised 

Nigerian  Power holding company called the Enugu Electricity Distribution Company (EEDC) 

in charge of Ebonyi state and is cheaper than the cost of using fossil fuel generator which is 

presently dispensed at N150.00k per litre in Nigeria.  

3.0. Conclusion and recommendation 

The community solar energy system which forms a mini electrical energy grid can be set 

up by a community/group of persons or an individual to open it up for subscribers with control 

using smart meter for energy pricing thereby reducing cost of an individual setting up the sys-

tem especially for the low income earners, increasing energy accessibility/availability espe-

cially for low income earners even in cities, rural dwellers, small scale firms/industries and 

hence the enhancement of climate change adaptation through the reduction of carbon emis-

sion/greenhouse gases. Community solar concept has proven to be a fast growing approach to 
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photovoltaic energy generation, transmission/utilisation. Given the pollution free nature, sus-

tainability, reduced cost, reduction on fossil fuel reliance and other economic benefits of solar 

energy it becomes essential in contributing to the national energy mix and a promising alterna-

tive energy to households, firms and industries that depend on electrical energy for operation. 

Solar PV system with 330 modules have been estimated from the design to meet the energy 

demand of 20 selected small scale business/shops located at the “back gate” Alex Ekwueme 

Federal University Ndufu-Alike considered with a total appliances maximum daily energy de-

mand of 48060W. Amidst the initial cost of installation of the system, its consistency, tough-

ness, environmental friendliness and ease of maintenance makes the system worthy of consid-

eration as it is beneficial for long-term energy investment since the payback period is less than 

10 years while the life expectancy of the system is above 25 years. Also with the advent/im-

provement in technology for the production of PV component materials especially the solar 

module the initial cost of installation is expected to decrease, thereby reducing the payback 

period.  

Having examined the potentials of solar energy using the community solar energy design 

concepts. It is recommended as a way of energy policy making that: 

i. solar energy be integrated into the Nigerian national energy mix as a way out to the 

Nigeria energy poverty 

ii. the establishment of local or indigenous industries for solar energy conversion tech-

nologies and application be encouraged by the government and other energy policy 

makers at all levels 

iii. individuals and cooperate bodies be encouraged to generate solar power vai the com-

munity solar for onward integration to the national grid 

iv. a national research and development fund on solar energy technology be created 
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