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ABSTRACT

	Aims: The focus of this paper is to encourage the integration of solar and wind energy sources in hybrid energy systems, with particular emphasis on sustainable power generation using these renewable energy sources, especially in remote environments where connection to grid is not available, and a backup system where connection to grid exist with challenges.
Study design:  It has been long that researchers are suggesting for optimum utilization of renewable energy sources, especially solar and wind that are in abundant potentials in Nigeria for power generation. This paper investigates the cost of energy when combining solar and wind energy technologies to compare with the cost of government power utility.
Place and Duration of Study: This paper considers as a case study the selected offices of Mechanical Engineering Department, in the Annex Engineering site of Aliko Dangote University of Science and Technology Wudil, in Kano Nigeria, the research covers the period of the power utility cost hike in Nigeria, between April 2024 and October 2025.
Methodology: The related existing literature were firstly reviewed, the challenges and opportunities associated with remote area energy generation were also considered. And the cost of energy generated was determined using the levelized cost of energy (LCOE), which is the average cost of the unit per kWh generated by a system and is calculated by the ratio of the total annualized cost of the system to the total electrical load served. The specifications of the system components installed were also configured and simulated in the Hybrid Optimization of Multiple Energy Resources (HOMER) software, to analyze and compare the calculated and simulated results with the Government utility cost.
Results: Results from the cost of energy generated shows that, the calculated cost of energy in solar-wind hybrid system is 9.52 Cent / kWh while from the simulation of the same hybrid energy system is 9.0 Cent / kWh. These compared to the cost of government electricity utility currently at 14.27 Cent per kWh, indicates that the cost of energy in solar-wind hybrid energy system is cheaper than that of band A government utility, which is the highest electricity plan in Nigeria meant for industrial and urban areas.
Conclusion: it’s clear that challenges exist in managing the technical complexities of remote area energy generation, but the opportunities also lie in harnessing the abundant resources. And from the results of the cost of energy generated, solar-wind hybrid energy system in Nigeria is cheaper than the public power utility and also more reliable.
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1. INTRODUCTION

The quest for sustainable energy solutions has never been more pressing, particularly in remote environments where access to traditional power grids is limited or non-existent. In such regions, the integration of renewable energy sources like solar and wind power offers a promising avenue towards achieving self-sufficiency and mitigating environmental impact. This research work explores a review on optimization and integration of solar and wind energy sources in hybrid energy systems tailored for remote environments, aiming to address the unique challenges and opportunities presented by these settings.
The global shift from conventional fossil-fuel based electricity generation to renewable energy resources has accelerated markedly in recent decades, with solar photovoltaic (PV) and wind power leading this transition. According to the Renewables Global Status Report (2014), renewable sources accounted for roughly 19% of worldwide final energy consumption in 2012, with continued growth in 2013 (Brower et al., 2014). Notably, global installed PV capacity exceeded that of wind power for the first time. Although Europe historically dominated the international PV market, rapid expansion in countries such as China and India has begun to rebalance this landscape (EPIA, 2012; Enslin, 2008).
Solar and wind resources however, are inherently variable, presenting technical challenges for power networks particularly in systems with high penetration levels or insufficient grid robustness. In off-grid applications, this intermittency necessitates the use of energy storage systems to ensure continuity of supply. The required storage capacity is heavily dependent on the variability characteristics of the contributing solar or wind resources. This study reviews key challenges and emerging opportunities associated with integrated solar-wind hybrid systems.
1.1 Solar-wind Hybrid Energy Systems
Hybrid configurations that combine solar PV and wind generation have become increasingly appealing, especially for applications in isolated or rural regions. By complementing each other's temporal variability, these systems can improve supply reliability and reduce operating costs. When connected to utility networks, such hybrid systems can enhance grid stability and improve the overall economics of renewable energy deployment. In stand-alone contexts, hybridization can decrease the size and cost of the storage system required to maintain uninterrupted power.
Solar electricity technologies primarily include solar PV and concentrated solar power (CSP). The present work focuses on PV systems. Extensive discussions on PV physics and technologies can be found in Edenhofer et al. (2012), Luque and Hegedus (2003), Freris and Infield (2008), and Parida et al. (2011). Kurtz (2009) reported substantial advances in concentrator cell efficiency, which has risen from around 30% to above 40% over the past 15 years, with projections nearing 50%. Benchmarked efficiencies for silicon cells and multi-junction III–V devices are approximately 26% and over 45% respectively (EPTP, 2011). PV output is predominantly determined by incident solar radiation: increasing irradiance raises photocurrent while generally reducing open-circuit voltage (Karp, 2009). Elevated and non-uniform temperature profiles reduce PV efficiency (Micheli et al., 2013). Geographic diversification of PV installations can mitigate short-term output variability (Zhang & Lai, 2012). Despite cost reductions, both PV and CSP systems remain relatively expensive without policy incentives (Komor, 2009).
Wind power has experienced similar growth. The 2012 Global Wind Report documented a roughly 10% increase in annual installations, reaching approximately 45 GW and driving cumulative growth to about 19% (GWEC, 2013). References such as Edenhofer et al. (2012) and Grogg (2005) provide comprehensive treatments of wind energy fundamentals. Wind turbines commonly fall into horizontal-axis (HAWT) and vertical-axis (VAWT) categories, with a theoretical maximum extractable power of 59% of the available wind resource (Grogg, 2005).
Solar-wind hybrid systems are generally classified as either grid-connected or stand-alone. Significant research efforts worldwide have examined their technical barriers and potential solutions. The inherent variability in such systems makes optimization essential, and a range of methods including graphical approaches (Borowy and Salameh, 1996), linear programming (Kellogg et al., 1996; Chedid and Saliba, 1996), and probabilistic models (Karaki et al., 1999) have been developed for techno-economic system design. Luna-Rubio et al. (2012) reviewed sizing techniques and performance indicators for hybrid systems with energy storage. Reviews by Arul et al. (2015) and Bhandari et al. (2015) evaluated control and optimization strategies, emphasizing their relevance for both grid-connected and autonomous systems.
1.2 Optimization of Hybrid Energy Systems
Neither solar PV nor wind power can guarantee uninterrupted generation. Their combination, particularly in grid-connected arrangements, provides a more consistent energy profile, but still requires rigorous optimization to ensure economically viable sizing of PV arrays, wind turbines, and storage. Traditional sizing approaches rely on long-term datasets for solar irradiation and wind speed (Esteban et al., 2010). In regions lacking such datasets, artificial intelligence (AI) based approaches including fuzzy logic (Chen et al., 2010), genetic algorithms, and neural networks have become increasingly prevalent.
A wide range of techno-economic indicators has been used to evaluate hybrid system feasibility, such as Net Present Value (NPV) (Dufo-López et al., 2011), Energy Index of Reliability and Energy Not Supplied (Tina & Gagliano, 2011), and Levelized Cost of Energy (Bhattacharjee and Acharya, 2014). These parameters guide project selection and evaluate long-term dependability.
Dufo-López et al. (2009) demonstrated that hydrogen-based storage in grid-integrated solar-wind systems becomes viable only at relatively high wind speeds and with hydrogen selling prices near 10 €/kg. Tina and Gagliano (2011) evaluated PV-wind systems under fixed-tilt, single-axis, and dual-axis tracking, concluding that dual-axis tracking maximizes monthly energy output, with gains of up to 7% during summer. Niknam et al. (2012) proposed a probabilistic management framework for micro-grids incorporating market price, load, and renewable production uncertainties. Essalaimeh et al. (2013) showed that panel cleanliness can significantly boost PV output by 31-35% under maximum irradiance conditions. Ahmed et al. (2008) demonstrated near-constant DC voltage under high wind speeds due to constant turbine rotational speeds in hybrid grid-connected systems. Additional contributions include predictive control strategies (Torreglosa et al., 2015) and remote monitoring approaches (Kolhe et al., 2012).
1.3 Optimization Techniques
The requirement for energy storage predominantly battery systems remains central to achieving continuous supply in hybrid systems. Numerous optimization methodologies have been developed to achieve techno-economic feasibility (Borowy and Salameh, 1996; Kellogg et al., 1996, 1998; Chedid and Saliba, 1996; Karaki et al., 1999; Gupta et al., 2015). Bigdeli (2015) compared several optimization strategies for hybrid systems, highlighting the increasing use of AI-based techniques in regions lacking comprehensive weather data.
Habib et al. (1999) found that a solar-wind capacity ratio of about 70% minimized capital cost in Dhahran, Saudi Arabia. Diaf et al. (2007) observed that, for autonomous systems with zero Loss of Power Supply Probability (LPSP), more than 30% of generated energy may be curtailed unless battery capacity is significantly oversized. Methodologies addressing long-term cost minimization have been proposed by Koutroulis et al. (2006), Ekren B. and Ekren O. (2009). Numerous studies (e.g., Ashok, 2007; Yang et al., 2003; Geem, 2012; Kaldellis et al., 2010; among many others) have presented experimental validation and models for solar–wind-battery hybrids, generally focusing on reducing lifecycle costs while enhancing system reliability.
Integrated optimization models have been recommended by Kaabeche et al. (2011), incorporating criteria such as system reliability, Total Net Present Cost (TNPC), Total Annualized Cost (TAC), and break-even distance. Diaf et al. (2008) emphasized the sensitivity of Levelized Cost of Energy to resource quality. Additional contributions include advanced energy-flow management strategies (Feroldi et al., 2015), adaptive neuro-fuzzy sizing tools (Rajkumar et al., 2011), analysis of lifecycle energy consumption (Kaldellis et al., 2010), and comprehensive feasibility studies (Hiendro et al., 2013). Other extensive reviews and system models are available across a broad range of literature (e.g., Cherif and Belhadj, 2011; Cetin et al., 2010; Rehman et al., 2012).
1.4 Micro-grid Systems in Remote Environments
Micro-grids may operate either in grid-connected or stand-alone modes. In grid-connected configurations, solar PV and wind turbines typically operate as current sources, injecting power into the AC bus through appropriate DC–AC or AC–DC–AC interfaces. A bidirectional controlled battery system manages charging and discharging based on generation levels, load requirements, and state of charge. In contrast, under stand-alone conditions the renewable sources continue to serve as current sources, while the battery system maintains bus voltage and frequency. Maximum power point tracking (MPPT) strategies can be applied in both modes, provided that a stable voltage source is available (Al-Badwawi et al., 2015).
1.5 Stand-Alone (Autonomous) Systems
Stand-alone hybrid systems are well suited for remote settings where extending transmission infrastructure is impractical or cost-prohibitive. These systems are often organized around either a common DC bus or a common AC bus. Joint utilization of solar and wind resources enhances reliability, as the strengths of one source can offset the weaknesses of the other (Patel, 2006; Engin, 2013; Dalwadi et al., 2011). Storage, however, remains a major cost component. Hybridization can reduce required storage capacity and overall system expense (Salameh and Borowy, 1994). Increasing generation capacity may sometimes be more economical than expanding battery banks due to cost and lifetime considerations, although insufficient storage can undermine reliability (Yang et al., 2007).
Studies such as Mason (2015) have shown that optimal storage ratios between solar and wind vary with climatic conditions and demand patterns. Huang et al. (2015) demonstrated that substituting a single large turbine with multiple smaller units can significantly increase total output, as smaller turbines operate more effectively under lower wind speeds.
Integration with diesel generators or fuel cells has been proposed to address prolonged periods of low renewable production (Belfkira et al., 2011; Elhadidy and Shaahid, 1999; Nelson et al., 2006). While distributed generation can mitigate fluctuations by locating sources near loads, it often necessitates updated protection schemes (Celik, 2002).
1.6 Power Quality in Stand-Alone Hybrid Systems
Because stand-alone systems lack grid support, variability in solar irradiance and wind speed directly influences the stability of the connected loads. Voltage fluctuations, frequency deviations, and harmonic distortion are principal concerns. Rapid changes in irradiance can destabilize PV output and threaten overall system reliability; similar effects arise from wind speed variations. Improved forecasting and scheduling can help mitigate these issues. Frequency stability must be maintained to satisfy load requirements, with high-frequency deviations mitigated through devices such as double-layer capacitors (Ahmed et al., 2008). Experimental work by Abiola-Ogedengbe et al. (2015) has shown that wind conditions significantly affect the aerodynamic pressures exerted on PV modules, influencing their operational stability.

1.7	Viability of Remote Area Energy Generation

While challenges exist in all forms of energy generation, most of the opportunities associated with solar-wind hybrid energy generation in remote areas are that of stand-alone system
1.7.1	Challenges
i. Intermittency and variability: Managing the unpredictable nature of solar and wind energy sources poses a challenge, requiring efficient and enough storage solutions or reliable backup systems, otherwise the problem need to be avoided or reduced right from-the-generation.
ii. Resource dependence: The success of remote energy generation heavily relies on the availability and reliability of sunlight and wind, making the system vulnerable to natural fluctuations.
iii. Technical integration: Coordinating the integration of diverse renewable technologies demands sophisticated engineering to ensure seamless operation and optimal performance.
iv. Storage and grid connectivity: Developing robust energy storage systems and establishing reliable grid connections in remote areas present logistical and financial hurdles.
v. Environmental impact: Balancing the positive environmental impact of renewable energy with potential ecological consequences, such as habitat disruption, requires careful consideration.
1.7.2	Opportunities
i. Resource abundance: Leveraging the abundant solar and wind energy resources in remote areas provides an opportunity for consistent and sustainable energy production.
ii. Hybrid system synergy: Combining solar and wind energy sources allows for complementary generation patterns, potentially smoothing out fluctuations and enhancing overall system reliability.
iii. Off-grid solutions: The chance to create self-sufficient energy systems in remote locations reduces dependence on traditional power sources, fostering energy independence.
iv. Technological advancements: Ongoing advancements in renewable energy technologies offer the prospect of more efficient, cost-effective, and reliable solutions for remote energy generation.
v. Community engagement: Involving local communities in the development and maintenance of these systems can lead to economic benefits, skill development, and increased social acceptance of renewable energy projects.
vi. Environmental stewardship: Implementing sustainable energy solutions aligns with global environmental goals, presenting an opportunity to contribute positively to climate change mitigation efforts.

2. material and methods

Wind turbines are classified into two types, horizontal-axis (HAWT) and vertical-axis (VAWT). Both types have their own advantages and disadvantages. The type installed at the site of this paper is VAWTs, it’s known to be cheaper and easier to install and maintain, and they have fewer moving parts and do not require a tower or a yaw mechanism. They are also quieter and can work well in turbulent and low wind conditions; this makes it best for a low wind region. The solar panels installed at the site of this paper are monocrystalline, it’s known to have higher efficiency rating than the polycrystalline. While the storage device in use is Lithium-ion battery, although it’s more expensive, but also more reliable and have higher discharge capacity than lead-acid batteries. Lithium-ion battery is also the best choice for large power system. The approach adopted in analysing the cost of energy generated is the levelized cost of energy (LCOE) method.
2.1 Hybrid System Components

The site under study is in the Kano state of Nigeria, the system installed consist of the following components in table 1 for solar-wind hybrid energy system, to supply an energy demand of 4 kW electrical appliances.

Table 1 System components
	S/N
	Component
	Specification
	Quantity

	1
	Wind Turbine
	2 kW
	1

	2
	Solar Array
	400W (48V)
	6

	3
	Lithium-ion battery
	5 kW
	1

	4
	Hybrid charge controller
	100A
	1

	5
	Inverter
	5.5 kVA
	1

	6
	Solar cable
	10mm
	1 roll



2.2	Cost of Energy Generated

To assess and optimize the techno-economic performance of hybrid systems, various evaluation parameters have been introduced, such as Net Present Value (NPV) (Dufo-López, Bernal-Agustín and Mendoza, 2009) Energy Index Reliability (EIR), Expected Energy Not Supplied (EENS) (Tina and Gagliano, 2011) and Levelized Cost of Energy (LCOE) (Bhattacharjee and Acharya, 2015). These indicators serve as decision-support metrics to determine the technical viability, reliability, and financial attractiveness of proposed hybrid energy projects.
The cost of energy generated was determined in this paper using the levelized cost of energy (LCOE), which is the average cost of the unit per kWh generated by a system and is calculated by the ratio of the total annualized cost of the system to the total electrical load served. It is the average cost per kilowatt-hour ($/kWh) of useful electrical energy produced by the system. LCOE can be computed online taking into account all associated cost, using simple levelized cost of energy calculator given by (NREL, 2024). It can also be calculated as given by (Walter Daniel and Thomas, 2022):


Where: It = Investment expenditures in the year t
	Mt = Operations and maintenance expenditures in ear t
 	Ft = Fuel expenditures in the year t
	Et = Electrical energy generated in the year t	
  	r = Discount rate
 	n = Expected lifetime of system 
The equation above can be simplified as suggested by (Himri Y., Himri S. and Boudghene, 2009) as follows:



Where: I = Purchasing cost of the component
	M = Cost of maintenance = 2.5% of investment cost, as adopted from LCOE Cal.
	E = Energy or Power generated = 4000W
	n = Expected lifetime of the component
	F = Cost of fuel, for renewable energy system = 0
Vertical axis wind turbines are not available for sale in Nigerian, hence prices obtained from Amazon online with shipping cost in October 2025. While for solar panels and other components, prices obtained from Jumia online in October 2025. Details in the table below:
Table 2 Components pricing
	S/N
	Item
	Lifetime (years)
	Unit Cost (₦)
	Qty
	Total Cost (₦)
	Equivalent ($)
	Maintenance Cost

	1
	Wind Turbine
	20
	-
	1
	-
	2,429
	2.5%

	2
	Solar panel
	20
	76,900
	6
	461,400
	314.95
	0

	3
	Battery
	5
	1.151,900
	1
	1,151,900
	786.30
	0

	4
	Controller
	10
	293,900
	1
	293,900
	200.61
	2.5%

	5
	Inverter
	10
	721,900
	1
	721,900
	492.76
	2.5%

	6
	Solar cable
	20
	251,900
	1 roll
	251,900
	171.95
	0

	7
	Installation
	20
	-
	-
	250,000
	170.65
	0




2.3 Hybrid System Simulation
The hybrid system components specifications were configured as in figure 1 in the Hybrid Optimization of Multiple Energy Resources (HOMER) software, and ran for simulation to assess the simulated cost of energy of the system under study. A well-optimized hybrid energy system typically achieves the following outcomes:
i. Lower cost of energy through resource complementarity
ii. Improved reliability with storage 
iii. Better long-term economic performance compared to conventional systems
Therefore, the best system configuration is typically the one with minimum cost of energy and acceptable reliability.
[image: ]
Fig. 1 Schematic configuration of HOMER setup
The system Installed is meant for office use and therefore only working hours were considered, the AC load which include light bulbs, fans, television, satellite receiver, computers, printer and photocopy machine is to accumulate an energy demand of 32 kWh/day during the 8 working hours per day as contained in the software schematic configuration above.

3. results and discussion

3.1 Summary of Findings for Stand-Alone Systems
Stand-alone solar-wind hybrid energy systems have proven to be a reliable and sustainable solution for electricity generation, particularly in remote and off-grid locations. One of the key findings is that hybridization significantly reduces dependency on a single energy source, thereby minimizing power fluctuations and improving supply continuity. The inclusion of energy storage systems, such as batteries, further stabilizes the system by storing excess energy and supplying power during periods of low generation. Table 3.of common challenges and solution for stand-alone systems, summarizes the findings about common existing issues as observed in the literature review. 

Table 3 Common challenges and possible solutions for stand-alone system
	S/N
	Challenges
	Solutions
	Source

	1
	High storage cost
	Combining both PV solar and wind powers will minimize the storage requirements and ultimately the overall cost of the system.
	Borowy et al. (1996) & Salameh et al. (1994)

	2
	Less usable energy during the year
	Integration of renewable energy generation with battery storage and diesel generator back-up systems.
	Chedid et al. (1996) Belfkira et al (2011), Elhadidy et al. (1999) & Kumar et al. (2013)

	3
	Intermittent energy and power quality
	Integration of renewable energy generation with battery storage or fuel cell and in some cases with diesel generator back-up systems.
	Chedid et al. (1996), Patel (2006), Engin (2013) Dalwadi et al. (2011), Belfkira et al (2011), Elhadidy et al. (1999) & Kumar et al. (2013), , Nelson et al. (2006), Ahmed et al. (2008), and Celik (2002) 

	4
	Protection
	Suitable protection devices need to be installed for safety reasons including up gradation of existing protection schemes in particular when distributed generators are introduced.
	Celik (2002)

	5
	Storage runs out
	Integrate solar and wind energy sources with fuel cells.
	Nelson et al (2006) & Ahmed et al (2008)

	6
	Environmental and safety concerns of batteries and hydrogen tanks.
	Integrating solar and wind energy sources with fuel cells instead of large lead-acid batteries or super storage capacitors, leads to a non-polluting reliable energy source and reduces the total maintenance costs.
	Nelson et al (2006), Ahmed et al (2008) & Yang et al (2003)



3.2 Electrical Loads Distribution
In power systems and energy management, electrical loads are often classified into flexible and non-flexible (inflexible) loads based on how easily their operation can be shifted or controlled. Therefore, flexible loads as contained in table 4 of Electrical loads distribution, are type of demand response loads in which appliances are used strategically to shift electricity demand and restore balance to the system during peak events. While non-flexible load are loads that must operate immediately and continuously, with little or no possibility of shifting or control, Also, non-flexible loads must meet real-time energy demand as they are critical for daily activities. Therefore, flexible loads can be scheduled when solar or wind generation is high, improving system efficiency. While non-flexible loads determine the minimum required system capacity and reliability constraints.
Table 4 Electrical loads distribution
	Flexible Loads
	Median Priority
	Non-Flexible Loads

	Appliances
	Power
	
	Power
	Appliances

	Printer
	580W
	Fridge
	170W
	Light bulb

	Photocopy machine
	900W
	
	375W
	Fan

	Miscellaneous
	100W
	
	520W
	Computer

	
	
	
	160W
	Plasma Television

	
	
	
	60W
	Satellite Receiver

	Total Temporary Load
	1,580W
	260W
	1,285W
	 Total Permanent Load


Electrical appliances with flexible loads in this paper load assessment is likely to include fridge in addition to photocopy machine, printer and miscellaneous. Considering the sizes of solar array and that of wind turbine as in table 2, even the weak source can supply power to the non-flexible loads.
The simulated results obtained include the AC primary load histogram in figure 2, in addition to the simulated result of the cost of energy generated. The electrical load histogram shows the distribution of load occurring frequency on the hybrid energy system. It is a graphical representation that illustrates the distribution of electrical load over time, It typically shows how much electricity is consumed at different levels of demand throughout a day.
[image: D:\HOMER Data\Load Histogram.PNG]
Fig. 2 AC primary load histogram
It shows that the most frequently occurring load lies between 1 to 2 kW, which correspond to the size of non-flexible load plus the median priority load as in table 3 of electrical load distribution. Indicating that large power consuming appliances which also correspond to flexible loads in this paper, are the less frequently occurring loads.

3.3 Calculated Results of the Cost of Energy Generated
The calculated cost of energy provides a comprehensive economic indicator for energy systems, the calculated result using the Levelized Cost of Energy (LCOE) is essential for evaluating the economic viability of any energy generation system. It represents the average cost per unit of electricity generated ($/kWh) over the system’s lifetime. It accounts for all costs (capital, operation, maintenance, and replacement) divided by the total energy produced.
Therefore, from equation 2.2;


This is in 2025/2026, when Electricity utility in Nigeria cost ₦209/kWh = 14.27 Cent/kWh, that’s after a reduction from the initial hike of N225 per kWh as published by the Vanguard newspaper in April, 2024. Hence, the hybrid system under study can be considered as cost-competitive.
[image: ]
Fig. 3.New electricity tariff in Nigeria
Source: Vanguard newspaper, 2024
Figure 3, is an online page of Vanguard newspaper, broadcasting the new electricity tariff by the Federal Government of Nigeria in April, 2024. Electricity tariff bands in Nigeria are part of a service-based pricing system introduced by the Nigerian Electricity Regulatory Commission (NERC). The idea is simply customers pay tariffs based on the number of hours of electricity supply they are guaranteed per day. Tariff bands categorize electricity consumers (especially residential and commercial users from band A to band E) according to expected daily power supply hours. The more reliable the supply, the higher the tariff.

Table 5; Table of results from the system cost of energy compared to that of public utility
	Cost of Energy from Hybrid Energy System
	Cost of Energy from Public Utility

	₦ / kWh 
	₦209 / kWh


Table 5 indicates that the cost of energy in solar-wind hybrid system is cheaper than that of band A public utility, which is the highest electricity power plan in Nigeria meant for industrial and urban areas, and still less reliable compared to that of standalone solar-wind hybrid energy system. 

Fig. 4 Graph of costs of energy per kWh 
Figure 4, is a graphical representation of the cost of energy in stand-alone solar-wind hybrid system and that of government electricity utility, the pyramids indicates significant variation between the two costs of the same energy demand.
3.4 Simulated Results of the Cost of Energy Generated
The simulation results demonstrate that the cost of energy for the solar-wind hybrid system is strongly influenced by resource availability, system configuration, and storage requirements. The integration of wind energy with solar photovoltaic significantly reduces the overall cost of energy by complementing solar generation and minimizing battery dependence. However, excessive reliance on battery storage increases lifecycle cost, thereby raising the cost of energy generated. An optimal balance between generation sources and storage capacity is therefore essential to achieving a cost-effective and reliable hybrid energy system. Fig. 5 is a simulated result of the cost of energy obtained, using Hybrid Optimization of Multiple Energy Resources (HOMER) software.
[image: D:\HOMER Data\Cost of energy.PNG]
Fig. 5 HOMER optimization model of the cost of energy
As observed, when solar irradiance is high, PV generates most daytime energy and this lower cost of energy due to high energy yield, and wind complements solar especially at night or during cloudy periods. But for small loads, usually capital cost per unit energy tends to be higher, which means as load increases better utilization of installed capacity occurs and therefore cost decreases. Figure 5 is the hybrid optimization model of the cost of energy generated, showing the simulation results for the cost of energy of the system under study, the legend indicates that with the average wind speed of 5.23m/s, which is the average wind speed of chosen study site. The cost of energy is about $0.0900, which is closer in value and also is in the same range with the calculated cost of $0.0952/kWh, this indicates the accuracy of the analysis.

3.5 Cost Benefit Analysis

A cost-benefit analysis (CBA) is a systematic process used to evaluate the strengths and weaknesses of alternatives by comparing the expected costs and benefits of a decision, project, or policy. It helps determine whether the benefits outweigh the costs and by how much, guiding better decision-making. Cost benefit analysis is a financial assessment tool used in energy planning to determine if an investment is worthwhile by comparing the total costs (C) and the total benefits (B). Hence, it is essential for evaluating renewable energy projects. 
Therefore, extracting from table 6;
		Table 6 Cost of system components in 5 years
	S/N
	Item
	Lifetime (years)
	Amount ($)
	Maintenance Cost

	1
	Wind Turbine
	20
	2,429
	60.723

	2
	Solar panel
	20
	314.95
	0

	3
	Battery
	5
	786.30
	0

	4
	Controller
	10
	200.61
	5.02

	5
	Inverter
	10
	492.76
	12.32

	6
	Solar cable
	20
	171.95
	0

	7
	Installation
	20
	170.65
	0

	Total
	4,566.22
	78.063


A cost benefit analysis for renewable energy evaluates whether a project (e.g., solar, wind, or hybrid systems) is economically viable by comparing all costs incurred with the benefits gained over its lifetime. In Cost Benefit Analysis, an individual will choose an action if:
Benefits (B) > Costs (C) or Net Benefits (NB) = B - C > 0
To analyze when the amount invested ($) will be recovered, let’s consider the expected lifetime of the system components, from table 7; 
Cost invested in 5 years (C5) = 4566.22 + 78.063 = 4644.283
Benefit in 5 years (B5) = $0.0952 × 8working hours × 5days × 56weeks × 5years = $1,066.24
		Table 7 Cost of system components in 10 years
	S/N
	Item
	Lifetime (years)
	Amount ($)
	Maintenance Cost

	1
	Wind Turbine
	20
	2,429
	60.723

	2
	Solar panel
	20
	314.95
	0

	3
	Battery
	5
	786.30 × 2
	0

	4
	Controller
	10
	200.61
	5.02

	5
	Inverter
	10
	492.76
	12.32

	6
	Solar cable
	20
	171.95
	0

	7
	Installation
	20
	170.65
	0

	Total
	5,352.52
	78.063


Cost invested in 10 years (C10) = 5352.52 + 78.063 = $5,430.58
Benefit in 10 years (B10) = $0.0952 × 8working hours × 5days × 56weeks × 10years = $2,132.48
		Table 8 Cost of system components in 15 years
	S/N
	Item
	Lifetime (years)
	Amount ($)
	Maintenance Cost

	1
	Wind Turbine
	20
	2,429
	60.723

	2
	Solar panel
	20
	314.95
	0

	3
	Battery
	5
	786.30 × 3
	0

	4
	Controller
	10
	200.61 × 2
	10.04

	5
	Inverter
	10
	492.76 × 2
	24.64

	6
	Solar cable
	20
	171.95
	0

	7
	Installation
	20
	170.65
	0

	Total
	6,832.19
	95.403


Cost invested in 15 years (C15) = 6832.19 + 95.403 = $6,927.59
Benefit in 15 years (B15) = $0.0952 × 8working hours × 5days × 56weeks × 15years = $3,198.72
		Table 9 Cost of system components in 20 years
	S/N
	Item
	Lifetime (years)
	Amount ($)
	Maintenance Cost

	1
	Wind Turbine
	20
	2,429
	60.723

	2
	Solar panel
	20
	314.95
	0

	3
	Battery
	5
	786.30 × 4
	0

	4
	Controller
	10
	200.61 × 2
	10.04

	5
	Inverter
	10
	492.76 × 2
	24.64

	6
	Solar cable
	20
	171.95
	0

	7
	Installation
	20
	170.65
	0

	Total
	7,618.49
	95.403


Cost invested in 20 years (C20) = 7,618.49 + 95.403 = $7,713.89
Benefit in 20 years (B20) = $0.0952 × 8working hours × 5days × 56weeks × 20years = $4,264.96
Benefit in 20 years (B20) = $0.0952 × 12 hours/day × 5days × 56weeks × 20years = $6,397.44
Benefit in 20 years (B20) = $0.0952 × 15 hours/day × 5days × 56weeks × 20years = $7,996.80
Considering the results from cost benefit analysis, the benefit only exceed the investment cost when the hybrid energy system will be utilized for 15 hours to above per day. Hence, the system is best for use in residential location. This shows that cost benefit analysis is essential for evaluating renewable energy projects. Despite high initial costs, renewable systems often provide long-term economic, environmental, and social benefits, especially in regions with high fuel or electricity costs.

4. Conclusion

In summary, while challenges exist in managing the technical complexities of remote area energy generation, the opportunities also lie in harnessing the abundant resources, integrating hybrid systems, and contributing to sustainable energy development in these remote environments. And from the results of the cost of energy generated, solar-wind hybrid system is cheaper than that of public electricity utility in Nigeria and more reliable, therefore the system is viable and can be considered as cost competitive. In essence, standalone hybrid system may stand the best energy solution for residential use in remote environments, where connection to grid is impractical or frequently interrupted by supply fluctuations.

[bookmark: _GoBack]
COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

References

[1] Brower M., Galán E. M., Li J. F., Green D., Hinrichs-rahlwes R., Sawyer S., Sander M., Taylor R., Kopetz H., and Gsänger S. (2014), “Renewables 2014 global status report”, REN21 2014.
[2] EPIA (2012) “Global market outlook for photovoltaics until 2016”, EPIA Report.
[3] Enslin J. H. R. (2008), The role of power electronics and storage to increase penetration levels of renewable power: “Power and Energy Society General Meeting - Conversion and Delivery of Electrical Energy in the 21st Century”, IEEE Press, pp. 1-2, DOI: 10.1109/PES.2008.4596958
[4] Edenhofer O., Pichs-Madruga R. and Sokona Y. Eds. (2012), “Renewable energy sources and 	climate change mitigation”, SRREN_FD_SPN_Final Report, http://www.ipcc.ch/report/srren/
[5] Luque A. and Hegedus S. Ed. (2003), “Handbook of photovoltaic science and engineering”, Wiley, Chichester.
[6] Freris L. and Infield D. (2008), “Renewable energy in power systems”, first edition, Wiley, 	Chichester.
[7] Parida B., Iniyan S., and Goic R. (2011), A review of solar photovoltaic technologies, “Renewable and Sustainable Energy Review”, 15, 1625-1636, DOI: 10.1016/j.rser.2010.11.032
[8] Kurtz S. (2009), “Opportunities and challenges for development of a mature concentrating photovoltaic power industry”, Technical Report NREL/TP-520-43208, Revised edition.
[9] EPTP (2011), “A strategic research agenda for photovoltaic solar energy technology”, Second edition.
[10] Karp J. (2009), “Concentrating solar power: progress and trends”, Jacobs School of Engineering, University of California San Diego, Triton SPIE/OSA, http://psilab.ucsd.edu/research/Multiband%20Solar%20Concentration/files/UCSD_CPV.pdf
[11] Micheli L., Sarmah N., Luo X., Reddy K. S., and Mallick T. K. (2013), “Opportunities and 	challenges in micro- and nano-technologies for concentrating photovoltaic cooling: “Renewable and Sustainable Energy Review”, 20, 595-610, DOI: 10.1016/j.rser.2012.11.051
[12] Zhang H. and Lai L. L. (2012), Research on wind and solar penetration in a 9-bus network: “Proc. IEEE Power and Energy Society General Meeting”, IEEE Press, pp. 1-6, DOI: 10.1109/PESGM.2012.6345218
[13] Komor P. (2009), “Wind and solar electricity: challenges and opportunities”, University of 	Colorado at Boulder, Pew Center on Global Climate Change.
[14] GWEC (2013), “Global wind report annual market update 2012”, http://www.gwec.net/wp-content/uploads/2012/06/Annual_report_2012_LowRes.pdf GWEC Report.
[15] Edenhofer O., Pichs-Madruga R. and Sokona Y. Eds. (2012)
[16] Grogg K. (2005), “Harvesting the wind: the physics of wind turbines”, Carleton College, Physics and Astronomy Comps Papers 2005, http://digitalcommons.carleton.edu/pacp/7
[17] Borowy B. S. and Salameh Z. M. (1996), Methodology for optimally sizing the combination of a battery bank and PV array in a Wind/PV hybrid system: “IEEE Transactions on Energy Conversion”, 11, 367-375, DOI: 10.1109/60.507648
[18] Kellogg W., Venkataramanan G. and Gerez V. (1996), Optimal unit sizing for a hybrid wind-photovoltaic generating system: “Electric Power Systems Research”, 39, 35-38, DOI: 	10.1016/S0378-7796(96)01096-6
[19] Chedid R. and Saliba Y. (1996), Optimization and control of autonomous renewable energy systems: “International Journal of Energy Research”, 20, 609-624, DOI: 10.1002/(SICI)1099-114X(199607)20:7<609:AID-ER176>3.0.CO;2-O 
[20] Karaki S. H., Chedid I. R. B. and Ramadan R. (1999), Probabilistic performance assessment of autonomous solar-wind energy conversion systems: “IEEE Transactions on Energy Conversion”, 14,766-772, DOI: 10.1109/60.790949
[21] Luna-Rubio R., Trejo-Perea M., Vargas-Vázquez D. and Ríos-Moreno G. J. (2012), Optimal sizing of renewable hybrids energy systems: A review of methodologies, “Solar Energy”, 86, 1077-1088, DOI: 10.1016/j.solener.2011.10.016
[22] Arul P. G., Ramachandaramurthy V. K., and Rajkumar R. K. (2015), “Control strategies for a hybrid renewable energy system: A review: “Renewable and Sustainable Energy Reviews”, 42, 597-608, DOI: 10.1016/j.rser.2014.10.062
[23] Bhandari B., Lee K. T., Lee G. Y., Cho Y. M. and Ahn S. H. (2015), Optimization of hybrid renewable energy power systems: A review, “International Journal of Precison Engineering and Manufacturing Green Technology”, 2, 99-112, DOI: 10.1007/s40684-015-0013-z
[24] Esteban M., Zhang Q., Utama A., Tezuka T. and Ishihara K. N. (2010), Methodology to estimate the output of a dual solar-wind renewable energy system in Japan: “Energy Policy”, 38, 7793-7802, DOI: 10.1016/j.enpol.2010.08.039
[25] Chen H. H., Kang H. Y. and Lee A. H. I. (2010), Strategic selection of suitable projects for hybrid solar-wind power generation systems: “Renewable and Sustainable Energy Reviews”, 14, 413-421, DOI: 10.1016/j.rser.2009.08.004
[26] Dufo-López R., Bernal-Agustín J. L., Yusta-Loyo J. M., Domínguez-Navarro J. A., Ramírez-Rosado I. J., Lujano J. and Aso I. (2011), Multi-objective optimization minimizing cost 	and life cycle emissions of stand-alone PV-wind-diesel systems with batteries storage: “Applied Energy”, 88, 4033-4041, DOI: 10.1016/j.apenergy.2011.04.019
[27] Tina G. M. and Gagliano S. (2011), Probabilistic modelling of hybrid solar/wind power system with solar tracking system: “Renewable Energy”, 36, 1719-1727, DOI: 10.1016/j.renene.2010.12.001
[28] Bhattacharjee S. and Acharya S. (2015), PV-wind hybrid power option for a low wind topography: “Energy Conversion and Management”, 89, 942-954, DOI: 10.1016/j.enconman.2014.10.065
[29] Dufo-López R., Bernal-Agustín J. L. and Mendoza F. (2009), Design and economic analysis of hybrid PV-wind systems connected to the grid for the intermittent production of hydrogen: “Energy Policy”, 37, 3082-3095, DOI: 10.1016/j.enpol.2009.03.059
[30] Tina G. M. and Gagliano S. (2011)
[31] Niknam T., Golestaneh F. and Malekpour A. (2012), Probabilistic energy and operation management of a microgrid containing wind/photovoltaic/fuel cell generation and energy storage devices based on point estimate method and self-adaptive gravitational search algorithm: “Energy”, 43, 427-437, DOI: 10.1016/j.energy.2012.03.064
[32] Essalaimeh S., Al-Salaymeh A. and Abdullah Y. (2013), Electrical production for domestic and industrial applications using hybrid PV-wind system: “Energy Conversion and Management”, 65, 736-743, DOI: 10.1016/j.enconman.2012.01.044
[33] Ahmed N. A., Miyatake M. and Al-Othman A. K. (2008), Power fluctuations suppression of stand-alone hybrid generation combining solar photovoltaic/wind turbine and fuel cell systems: “Energy Conversion and Management”, 49, 2711-2719, DOI: 10.1016/j.enconman.2008.04.005
[34] Torreglosa J. P., García P., Fernández L. M. and Jurado F. (2015), Energy dispatching based on predictive controller of an off-grid wind turbine/photovoltaic/hydrogen/battery hybrid system: “Renewable Energy”, 74, 326-396, DOI: 10.1016/j.renene.2014.08.010
[35] Kolhe P., Bitzer B., Chowdhury S. P. and Chowdhury S. (2012), Hybrid power system model and TELELAB: “Proc. 47th International Universities Power Engineering Conference (UPEC 12)”, IEEE Press, pp. 1-5, DOI: 10.1109/UPEC.2012.6398630
[36] Borowy B. S. and Salameh Z. M. (1996)
[37] Kellogg W. D., Nehrir M. H., Venkataramanan G. and Gerez V. (1998), Generation unit sizing and cost analysis for stand-alone wind, photovoltaic, and hybrid wind-PV systems: “IEEE Transactions on Energy Conversion”, 13, 70-75, DOI: 10.1109/60.658206
[38] Chedid R. and Saliba Y. (1996)
[39] Karaki S. H., Chedid I. R. B. and Ramadan R. (1999)
[40] Gupta R. A., Kumar R. and Bansal A. K. (2015), BBO-based small autonomous hybrid power system optimization incorporating wind speed and solar radiation forecasting: “Renewable and Sustainable Energy Reviews”, 41, 1366-1375, DOI: 10.1016/j.rser.2014.09.017
[41] Bigdeli N. (2015), Optimal management of hybrid PV/fuel cell/battery power system: A comparison of optimal hybrid approaches, “Renewable and Sustainable Energy Reviews”, 42, 377-393, DOI: 10.1016/j.rser.2014.10.032
[42] Habib M. A. and Said S. A. M. (1999), Optimization procedure of a hybrid photovoltaic wind energy system: “Energy”, 24, 919-929, DOI: 10.1016/S0360-5442(99)00042-0
[43] Diaf S., Diaf D., Belhamel M., Haddadi M. and Louche A. (2007), A methodology for optimal sizing of autonomous hybrid PV/wind system: “Energy Policy”, 35, 5708-5718, DOI: 10.1016/j.enpol.2007.06.020
[44] Koutroulis E., Kolokotsa D., Potirakis A. and Kalaitzakis K. (2006), Methodology for optimal sizing of stand-alone photovoltaic/wind-generator systems using genetic algorithms: “Solar Energy”, 80, 1072-1088, DOI: 10.1016/j.solener.2005.11.002
[45] Ekren B. Y. and Ekren O. (2009), Simulation based size optimization of a PV/wind hybrid 	energy conversion system with battery storage under various load and auxiliary energy conditions: “Applied Energy”, 86, 1387-1394, DOI: 10.1016/j.apenergy.2008.12.015
[46] Ashok S. (2007), Optimised model for community-based hybrid energy system: “Renewable Energy”, 32, 1155-1164, DOI: 10.1016/j.renene.2006.04.008
[47] Yang H. X., Lu L. and Burnett J. (2003), Weather data and probability analysis of hybrid photovoltaic-wind power generation systems in Hong Kong: “Renewable Energy”, 28, 1813-1824, DOI: 10.1016/S0960-1481(03)00015-6
[48] Geem Z. W. (2012), Size optimization for a hybrid photovoltaic-wind energy system: “Electrical Power and Energy Systems”, 42, 448-451, DOI: 10.1016/j.ijepes.2012.04.051
[49] Kaldellis J. K., Zafirakis D. and Kondili E. (2009), Optimum autonomous stand-alone photovoltaic system design on the basis of energy pay-back analysis: “Energy”, 34, 1187-1198, DOI: 10.1016/j.energy.2009.05.003
[50] Kaabeche A., Belhamel M. and Ibtiouen R. (2011), Techno-economic valuation and optimization of integrated photovoltaic/wind energy conversion system: “Solar Energy”, 85, 2407-2420, DOI: 10.1016/j.solener.2011.06.032
[51] Diaf S., Notton G., Belhamel M., Haddadi M. and Louche A. (2008), Design and techno-economical optimization for hybrid PV/wind system under various meteorological conditions: “Applied Energy”, 85, 968-987, DOI: 10.1016/j.apenergy.2008.02.012
[52] Feroldi D., Rullo P. and Zumoffen D. (2015), Energy management strategy based on receding horizon for a power hybrid system: “Renewable Energy”, 75, 550-559, DOI: 	10.1016/j.renene.2014.09.056
[53] Rajkumar R. K., Ramachandaramurthy V. K., Yong B. L. and Chia D. B. (2011), Techno-economical optimization of hybrid pv/wind/battery system using Neuro-Fuzzy: “Energy”, 36, 5148-5153, DOI: 10.1016/j.energy.2011.06.017
[54] Kaldellis J. K., Zafirakis D. and Kondili E. (2010), Optimum sizing of photovoltaic-energy 	storage systems for autonomous small islands: “Electrical Power & Energy Systems”, 32, 24-36, DOI: 10.1016/j.ijepes.2009.06.013
[55] Hiendro A., Kurnianto R., Rajagukguk M. and Simanjuntak Y. M. (2013), Techno-economic analysis of photovoltaic/wind hybrid system for onshore/remote area in Indonesia: “Energy”, 59, 652-657, DOI: 10.1016/j.energy.2013.06.005
[56] Cherif H. and Belhadj J. (2011), Large-scale time evaluation for energy estimation of stand-alone hybrid photovoltaic-wind system feeding a reverse osmosis desalination unit: “Energy”, 36, 6058-6067, DOI: 10.1016/j.energy.2011.08.010
[57] Cetin E., Yilanci A., Ozturk H. K., Colak M., Kasikci I. and Iplikci S. (2010), A micro-DC power distribution system for a residential application energized by photovoltaic-wind/fuel cell hybrid energy systems: “Energy and Buildings”, 42, 1344-1352, DOI: 10.1016/j.enbuild.2010.03.003
[58] Rehman S., Mahbub Alam M., Meyer J. P. and Al-Hadhrami L. M. (2012), Feasibility study of a wind-pv-diesel hybrid power system for a village: “Renewable Energy”, 38, 258-268, DOI: 10.1016/j.renene.2011.06.028
[59] Al Badwawi R., Abusara M. and Mallick T. (2015), A Review of Hybrid Solar PV and Wind Energy System: “Smart Science”, Vol. 3, No. 3, 127-138, http://dx.doi.org/10.6493/SmartSci.2015.324 
[60] Patel M. R. (2006), “Wind and Solar Power Systems”, Taylor and Francis, second edition, New York.
[61] Engin M. (2013), Sizing and simulation of PV-Wind hybrid power system: “International Journal of Photoenergy”, 1-10, DOI: 10.1155/2013/217526
[62] Dalwadi P., Shrinet V., Mehta C. R. and Shah P. (2011), Optimization of solar-wind hybrid system for distributed generation: “Proc. Nirma University International Conference on Engineering (NUiCONE 11)”, IEEE Press, pp. 1-4, DOI: 10.1109/NUiConE.2011.6153300
[63] Salameh Z. M. and Borowy B. S. (1994), Optimum photovoltaic array size for a hybrid wind/PV system: “IEEE Transactions on Energy Conversion”, 9, 482-488, DOI: 10.1109/60.326466
[64] Yang H., Lu L. and Zhou W. (2007), A novel optimization sizing model for hybrid solar-wind power generation system: “Solar Energy”, 81, 76-84, DOI: 10.1016/j.solener.2006.06.010 
[65] Mason I. G. (2015), Comparative impacts of wind and photovoltaic generation on energy 	storage for small islanded electricity systems: “Renewable Energy”, 80, 793-805, DOI: 10.1016/j.renene.2015.02.040
[66] Huang Q., Shi Y., Wang Y., Lu L. and Cui Y. (2015), Multi-turbine wind-solar hybrid system: “Renewable Energy”, 76, 401-407, DOI: 10.1016/j.renene.2014.11.060
[67] Belfkira R., Zhang L. and Barakat G. (2011), Optimal sizing study of hybrid wind/PV/diesel power generation unit: “Solar Energy”, 85, 100-110, DOI: 10.1016/j.solener.2010.10.018
[68] Elhadidy M. A. and Shaahid S. M. (1999), Optimal sizing of battery storage for hybrid (wind-diesel) power systems: “Renewable Energy”, 18, 77-86, DOI: 10.1016/S0960-1481(98)00796-4
[69] Nelson D. B., Nehrir M. H. and Wang C. (2006), Unit sizing and cost analysis of stand-alone hybrid wind/PV/fuel cell power generation systems: “Renewable Energy”, 31, 1641-1656, DOI: 10.1016/j.renene.2005.08.031
[70] Celik A. N. (2002), Optimisation and techno-economic analysis of autonomous photovoltaic-wind hybrid energy systems in comparison to single photovoltaic and wind systems: “Energy Conversion and Management”, 43, 2453-2468, DOI: 10.1016/S0196-8904(01)00198-4
[71] Ahmed A. A., Ran L. and Bumby J. (2008), Simulation and control of a hybrid PV-wind system: “Proc. 4th IET International Conference on Power Electronics, Machines and Drives (PEMD 08)”, pp. 421-425, DOI: 10.1049/cp:20080556
[72] Abiola-Ogedengbe A., Hangan H. and Siddiqui K. (2015), Experimental investigation of wind effects on a standalone photovoltaic (PV) module: “Renewable Energy”, 78, 657-665, DOI: 10.1016/j.renene.2015.01.037
[73] Dufo-López R., Bernal-Agustín J. L. and Mendoza F. (2009)
[74] Tina G. M. and Gagliano S. (2011)
[75] Bhattacharjee S. and Acharya S. (2015)
[76] NREL (2024), Levelized Cost of Energy Calculator: “Energy Analysis”, National Renewable Energy Laboratory, 2024, https://www.nrel.gov/analysis/tech-lcoe.html, Accessed on: 10th December, 2024.
[77] Walter S., Daniel J. P. and Thomas H. (1995), A Manual for the Economic Evaluation of 	Energy Efficiency and Renewable Energy Technologies: “National Renewable Energy Laboratory", Retrieved 2022, Pp. 47–50, www.nrel.gov.
[78] Himri Y., Himri S., Boudghene S. A. (2009), Assessing the wind energy potential projects in Algeria: “Renewable and Sustainable Energy Reviews”, 2009, Volume 13, Issue 8, Pp 2187-2191, https://doi.org/10.1016/j.rser.2009.03.003
[79] Vanguard Newspaper (2024), FG hikes electricity tariff from N68/kWh to N225: “News”, https://www.vanguardngr.com/2024/04/nerc-hikes-electricity-tariff-from-n68-to-n225-kwh/#google_vignette, Accessed on: 10th December, 2024.
Energy Cost	Solar-Wind	Govt. Utility	9.52	14.27	Series 2	Solar-Wind	Govt. Utility	Series 3	Solar-Wind	Govt. Utility	Cent / kWh

image1.png
4
%
L6

DC )
N 2
i
Wi/
Smatli-672V-

1] e




image2.png
Frequency (%)

124

AC Primary Load Histogram

AC Primary Load (kW)

4





image3.png
Vanguard

HOME ~ NEWS-  EEDITIONS  POLITICS ~ METRO  BUSINESS ~ SPORTS  EDITORIAL  COLUMNS  ALLURE

FG hikes electricity tariff from N68/KwH to N225





image4.png
Cost of Energy ($)





