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Abstract: One of the most favourable renewable energy sources, solar photovoltaic (PV) can 
meet the electricity demand considerably. Sunlight is converted into electricity by solar PV 
systems using cells containing semiconductor materials. A PV system is designed to meet the 
energy needs of the polytechnic clinic. The technique employed to carry out this research was; 
load demand calculation of the clinic and the watt-hour per day consumption of the equipment so 
that optimal working capacity, and power consumption of the clinic will be obtained. Off-grid 
stand-alone solar power was installed to test its capability of powering the loads of the clinic 
which was calculated as 2472wh/day. The outcomes of the methods were compared to the actual 
outcomes available for testing the performance of models for three different weeks. Hence, for a 
3.0kva target PV system capacity, the result indicates that approximately 2980wh/day of 
electricity was produced, when the radiation rate is 896.3 W/m2, and the module surface 
temperature is 41.4 ◦C. Hence, it was determined that the hourly electrical energy requirement of 
the hospital can be met by the PV system during the year. 
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1.0 Introduction  
The traditional way of meeting the electricity demand of consumers all over the world 
consists of three stages: generation, transmission, and distribution (Idowu1.et al, 2021). 
As the demand of consumers continues to rise, power utilities are expected to 
satisfactorily meet this demand. The objective of every power utility is to supply 
electricity in a manner that is cost-effective and reliable to customers. The benefit of 
good planning and maintaining of reliable electricity supply to customers is that there 
will be a reduction in the price of interruptions of power supply to customers. Reliability 
is an important aspect in the planning and design of a distribution system that will 
function effectively in terms of cost with minimal interruptions to customer loads                   
(Vishalini. et al, 2016). An electrical utility company in a deregulated environment has 
the main objective of increasing the market value of its services to customers. This can be 
achieved by supplying reliable electricity at lower operational and maintenance costs and 
the construction of new electricity infrastructures at a lower cost. All these factors will 
help to bill the customers at a lower rate which will likely lead to customer satisfaction 
(Idowu1.et al, 2021). There are so many ways by which a utility company can achieve 
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this objective. One of the effective ways is to employ the use of Distributed Generation 
(DG) (Angelo. et al, 2007).  
     The overall performance of Nigeria’s power sector has not yielded the expected result. 
The electricity demand has not been met satisfactorily. As a result, there has been an 
increased interest to generate electricity using distributed generators that will make the 
system a reliable one. The network needs to be improved to provide electricity that is 
reliable and economical to the customers. The integration of distributed generation units 
into the power network will lessen the duration of outages and the number of 
interruptions. 
 The generated electricity that is presently available in Nigeria is not adequate to meet 
customers’ demands due to electricity infrastructures that are old and not being properly 
maintained. As a result, the power supply to industrial consumers as well as commercial 
and domestic customers is not stable. No doubt, the economic growth of the country is 
negatively impacted. The available generated electricity can only serve less than half of 
the country’s population. In order to bridge the gap, independent power producers (IPP) 
have turned to the option of using distributed generation technologies (Hachimenum, 
2017). 

      The continuously increasing penetration of distributed generation requires a detailed 
assessment of the impact this has on the electric power grids. As distributed generation 
exhibits high variations in terms of power supply, especially when compared to the 
demand of the network, solutions that can resolve this problem are required. It is 
important and even regulated by law that the power quality of end users is assured, along 
with stable voltage profiles which are normally affected by the mismatches in supply and 
demand. In a distribution network, when the power produced is much lower than the 
power consumed a voltage drop can occur, which can exceed the minimum allowed limit 
and as such, it affects the reliability of the system. As a result, these problems can limit 
the amount of Distributed Generation that can be integrated into the existing grids. The 
Polytechnic has equipment and medicines that require a constant power supply and 
powering with a diesel generator becomes cost expensive, as an alternative source of 
supply becomes necessary. 

The Operational impact relates to productivity and reliability concerns within 
solar energy applications in underdeveloped and developing countries with a specific 
focus on healthcare facilities. Operational impact refers to evaluating interruptions or 
improvements in various aspects of a healthcare facility’s operations. A reliable 
electricity supply system can differentiate life and death in developing countries. 
According to studies, implementing more robust emergency care electrical supply 
systems in hospitals in low- and middle-income countries might affect 45% of deaths and 
36% of disability-adjusted life years. Lack of energy access at healthcare institutions can 
result in a variety of issues. Some of these issues include the inability to provide clinical 
care after sunset, inadequate lighting for operations, poor sterilizing facilities, inadequate 
refrigeration for drugs and vaccines, trouble in obtaining power for laboratory equipment 
used to diagnose, etc. (Soto, et al.2022) 
2.0 Literature review 

The option of alternative energy resources such as solar, wind, biomass, and tidal 
has attracted the energy sector to generate power on a large scale. Solar and wind energy 
systems are considered as promising power generation sources due to their availability 
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and topological advantages in local power generation. However, the drawback common 
to wind and solar options is their unpredictable nature and weather and climatic changes, 
and the variation of solar and wind energy may not match with the time distribution of 
demand. it is also prudent that, neither solar nor wind energy can provide a continuous 
supply of energy due to seasonal and periodical variations, fortunately, the problem 
caused by the variable nature of these resources can be over by integrating the two 
resources in proper combination (Zhuo, 2007). 

Marain et al (1997) presented a standalone hybrid power system model for remote 
telecommunication systems on the black sea coast in Romania. They used monthly 
average data for modeling the hybrid system and concluded that solar and wind power 
systems have proven to be a good alternative to the power supply. However, they did not 
explain how the hourly data status was obtained. In this study, the monthly average data 
will be directly obtained from the meteorological department which is purposely reserved 
for research purposes  

Pragya et al (2010) modeled a solar-wind hybrid system with a diesel generator as 
a backup for a site located in isolated areas of central India; The Author used Homer 
simulation for carrying the feasibility of a standalone system, but their model uses diesel 
as a backup system. However, it is noticed that transportation and refueling of the diesel 
generator are not feasible and economically viable at the remote station. However, in this 
study battery will be used as a backup which does not need unnecessary transportation. A 
hybrid solar-wind system consists of PV array, wind turbine, battery bank, inverter, 
controller, and cables (W.Zhon et al,2007).  

The PV array and wind turbine work together to satisfy the load demand. When 
energy sources (solar-wind energy) are abundant, the generated power from the solar, in 
the daytime will continue to charge the battery until it is fully charged. On the contrary, 
when energy sources are poor, the battery will release energy to assist the PV array and 
wind turbine to cover the load requirements until the storage is depleted (Moghram, 
1997).  

The hybrid solar-wind system modeling is mainly dependent on the performance of 
individual components. In order to predict the system performance, both sources of 
power generation should be modeled separately and will be combined to meet the 
demanding reliability (pandel, 2011) if the power output prediction from these individual 
sources is accurate enough, the resultant combination will deliver power effectively 
(Zhon et al, 2010). Borowy and Salameh (1996) modeled the PV module for average 
power output with detailed technical characteristics like module series resistance, number 
of cells, open circuit voltage, maximum voltage, short circuit current, maximum current, 
etc... All the precise data of each manufacturer is difficult to find to use this model. 
Markvard (2000) modeled the output power from the PV generator in terms of the area of 
a single module, instantaneous PV generator efficiency, global irradiance incidence on 
the tilted plane, and the number of modules. This model does not consider other technical 
factors like open circuit voltage, short circuit current, maximum current, and the 
maximum voltage of PV panels and assumes all the losses to be zero. Yang et al. (2007) 
proposed the PV array model consisting of five parameters as series resistance, nonlinear 
temperature voltage effects, nonlinear effects of the photocurrent, PV module 
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dimensionless coefficient, and maximum power point tracking efficiency. In order to 
calculate the output power from PV modules, the dynamic behavior of the systems has to 
be calculated and this data is not available in all the technical datasheets of 
manufacturers. Bajpai et al (2009) used one diode equivalent circuit model which 
considers series and parallel resistance, the reverse saturation current of diode, peak 
voltage, and current of PV panels. This type of model is used for cell base analysis and 
since this model needs to calculate the parallel resistance, it is extremely complex to use. 
Lasnier and Ang (1900) defined the current-voltage relationships based on the electrical 
characteristics of the PV panel as short circuit current, maximum current, maximum 
voltage, and open circuit voltage. Although this is the simplest model based on maximum 
power point tracker (MPPT), it is not widely used and not been tested for validity. Nikraz 
et al. (2003) used four parameters to model the electrical characteristics of the PV panel 
in a similar to that used by Lasnier and Ang (1900). The result showed that this model is 
validated for analysis of PV characteristics and best for single crystal and polycrystalline 
PV arrays. For the purposes of this study, four parameters model based on Nikraz et al. 
(2003) is used since this model takes static characteristics which is validated and widely 
used by various simulation software.  

The electrical network provides energy sources based mainly on fossil fuels, and 
generally, the facilities have a backup system of generators. However, there are some 
gaps in this approach. Power outage, mainly in periods of peak demand, is a problem 
even in developed countries and is even more frequent in undeveloped and developing 
countries without electricity supply or depending on backup generators (Miku, 2018). 
Additionally, generators have low reliability, and there is limited power generation 
capacity (Miku, 2018). Additionally, the generators have low operating efficiency, due to 
which they produce significant waste heat. Generators that work with fossil fuels will 
generate emissions that are harmful to people’s health, such as particulate matter, CO2, 
and other polluting gases (Miku, 2018). Access to the electrical network does not reduce 
the dependence on backup generators, since—by regulation—healthcare facilities 
delivering emergency care, delivery rooms, and surgical procedures require a backup 
power system (Miku, 2018). A widely used approach in places without access to the 
electricity grid is using fossil fuels to generate electrical energy, refrigeration, and 
lighting [8]. However, this approach has some limitations. Generators are primarily used 
in emergencies and not as a constant power supply due to their costly operation, and in 
some cases, limited access to fuel. Refrigerators powered by propane or kerosene are 
used to refrigerate vaccines and other supplies. However, studies have shown that 
refrigerators powered by kerosene, the most widely used, do not always provide adequate 
cooling (Jimenez and Olson.2022) Additionally, remote areas’ access to propane and 
kerosene is limited and unreliable. Moreover, high dependence on fossil fuels contributes 
to greenhouse gas emissions and negatively impacts climate change and air pollution 
(www.premiers, 2022). Third, mobile clinics provide primary health care in some hard-
to-reach rural areas, which can be especially beneficial for geriatric patients, pregnant 
women, and children (Hill, et al. 2014). Mobile clinics provide a primary care service that 
can sometimes be specialized, depending on the complexity. This service is beneficial 
since patients can access these mobile clinics regardless of geographical location. 
However, these types of services have some challenges. Mobile clinics depend highly on 
public policies that allow the creation and financing of these initiatives, which in some 
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countries are nonexistent (Hill, et al. 2014). Additionally, time is limited. Mobile clinics 
generally visit an area from a couple of times a week to a couple of times a month. For 
the same reason, mobile clinics cannot attend to emergencies. Finally, they depend on 
diesel and gasoline generators to run medical equipment (Hill, et al. 2014). 

3.0 Methodology  

The area considered for this research is the polytechnic, the clinic has less than 3Kw load 
but suffers from a power supply, and as such most of it equipment not working, while 
some of the drugs that need low temperatures to maintain could not be kept in the clinic.  

    The Data for the research will be collected from the clinic by recording the capacity of 
all the equipment and the temperature requirement of the available drugs and modeling 
the system for 24hr supply. The primary results of a load inventory are quantified 
estimates of the facility’s electrical loads and consumption. The electrical power of each 
device is indicated in watts (W), and its daily operation time is in hours (h). The total 
energy consumption is indicated in watt-hours (Wh), by multiplying the power of each 
load by its daily operating hours. The proposed solution to this problem is the utilization 
of photovoltaic solar energy in healthcare facilities. Solar energy plays a vital role in 
improving energy infrastructure for health if adequately integrated. Solar energy is an 
abundant resource, and studies have shown that the electricity produced can generate a 
reliable supply for healthcare facilities. This electrical power supply can support the 
operation of essential medical equipment in healthcare facilities. In addition, it allows its 
implementation in remote places where access to the electrical network is non-existent 
and access to fuel for the operation of the generators is limited (Bai, et al. 2016). Table 1.0  
below shows a load estimation sheet for a typical health facility for the clinic. Specialized 
solar system design requires a detailed inventory of all loads and their consumption. The 
load assessment includes a listing of the quantity, power and daily hours of the loads. 
This information can be evaluated to yield the total daily electricity consumption. 
Consideration is also given to increase in the total daily load which can be expected in the 
future, by setting the system design specification higher than the currently determined 
daily load. The clinic facilities includes; 

1. vaccine refrigeration, 
2.  Exam light 
3. Communications 
4. Borehole 
5. Heater  
6. Fans 
7. Computers 
8. X-ray machine 
9. Microscope 
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Table 1.0: Load profile for facility equipped with conventional medical devices 

 
S/N 

 
Power 
consumption 

 
Quantity 

 
Power  
(watts) 

 
Hours/day 

Total 
Wh/day 

1 Vaccine 
refrigerator 

1 100 3 300 

2 Exam light 1 10 2 20 

3 communication 1 10 2 20 
4 Borehole 1 0.5hp 1 500 

6 fan 4 18 7 502 
7 computer 1 200 1 200 

8 lightings 10 10 6 600 

9 Security light 2 35 5 350 
Total     2472 

 

3.1 System Voltage  

A system voltage is a nominal voltage at which the batteries, charge controllers, inverters, 
and solar arrays operate. In small to medium size stand-alone systems, usually, the 
system voltage is set to be 12V, 24V, or 48V. If required, an inverter converts the 
generated power from DC to 110V or 230V AC, however, for this work, the system 
voltage is set to be 12V. the Batteries are in series and they convert the generated power 
to 230V. The PV equipment used for the analysis based on the demand load of the clinic 
are; 

3.1.1 PV array  

The total power output of PV modules is 450Wp. The PV array consists of two panels 
and is expected to produce 10.2A each in full sunshine. The PV array power output is 
estimated to be 3000Wh/day considering the voltage of the system is 12V, and the peak 
solar hours are equal to 9hrs. The total load was calculated, as equal to 2472Wh/day 
which is less than the PV array power output as shown in the table above.  

 

3.1.2 Battery  

The system includes two 12V sealed tubular batteries with a capacity of 220Ah each. The 
batteries are connected in parallel to yield 600Ah at 12V.  

3.1.3 Charge controller  

Two 30A series type charge controller was installed to protect the batteries from 
overcharging. The charge controller model is SOLARIX PRS from Electronic GmbH, 
Germany.  
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3.1.4 Inverter 

The distribution voltage is designed to be AC as the overall load works on the AC 

voltage. A 3kva inverter from SCIENCE Company converts the current from 12V DC to 
220V AC. The inverter was directly connected to the batteries. 

4.0 Results and discussions 

The lack of accessibility and the intensive use of energy in the health industry is a 
relevant issue and one of the biggest challenges in the industry in developing and 
underdeveloped countries. Developing and underdeveloped countries face innumerable 
problems related to the accessibility and quality of energy that put the lives of patients, 
healthcare infrastructures, and health workers at risk. Current approaches such as grid 
power, unsustainable energy sources such as diesel or gas, and mobile health clinics have 
proven insufficient to address this issue. Those approaches have raised numerous 
operational, logistical, environmental, and economic concerns. This study found that 
integrating solar energy (DG) in health facilities can provide innumerable opportunities.  

The tables below show the results obtained after the installation of the appropriate 
equipment that can produce the required power for the clinic. Since the equipment 
usually operates at 50% of the daily load the inverter was able to carry the loads. 

 

Table 2.0: Solar equipment installed at the site for Analysis 

 

Table 3.0: Result recorded after installation on the site  

S/N Equipment Quantity Capacity  
1. Solar panels  2 450w 
2. Battery 2 150AH 
3. Charge controller 2 30A 
4. Inverter  1 3.5kva 
 

Table 3.0 shows the power generated and power required at the clinic in wh/day.it can be 
seen that the generated power has enough capacity to power the equipment and as such 

S/N Equipment Quantity Capacity  
1. Solar panels  2 450w 
2. Battery 2 150AH 
3. Charge controller 2 30A 
4. Inverter  1 3.5kva 

Weeks  First week  Second week Third week 
Wh/day generated 2800wh/day 2650wh/day 2890.9wh/day 
Wh/day required 2165wh/day 2390wh/day 2409wh/day 
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the targeted objective is achieved. The result shows that the generated power was more 
than the required power by the clinic and it can be concluded that the system can be able 
to carry the load efficiently. 

5.0 Conclusions  

This study covers distributed generator (PV system) modeling and analysis of a self-
consumption developed for a polytechnic clinic. The PV electricity (AC) delivered by the 
total established capacity of the PV system was found to be 2980 Wh/day. A solar PV 
system with a capacity of 3kva will be sufficient for the clinic and meet the electrical 
energy demand of the clinic. Hence, the optimal solar PV generation can be attained, at 
average module surface temperature and high radiation. The optimal level of solar PV 
generation was achieved with average module surface temperature ad high radiation. The 
conclusion demonstrated that meeting the electricity needs of the clinic is possible with a 
suitable capacity of PV system according to its economic resources. The PV systems 
investment is particularly more attractive nowadays with the reduced PV system reduced 
improved PV panel technologies. A 3kw capacity PV system is recommended according 
to the self-consumption of polytechnic clinic 
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