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Abstract – In this paper, unbalanced three-phase fault in transmission lines is considered with 
respect to estimating the state of power system after a fault occurs at different buses. Faults such 
as a single-line-to-ground (SLG), line-to-line (LL) and double-line-to-ground (DLG) affect the 
bus system that is connected along with the transmission line. MATLAB software was employed 
in which unbalanced fault programs based on the Symmetrical Component method to determine 
the voltage magnitudes, line current magnitude, total fault current, real and reactive power at 
Phase A, Phase B and also on phase C for the different bus lines. The unbalanced fault programs 
are executed using a Newton Raphson based power flow program for the standard IEEE 14, 
IEEE 26 and IEEE 30 bus systems. The obtained results show that the single line to ground fault 
is the most severe kind for IEEE 14 bus system, while for IEEE 26 and IEEE 30 bus system, the 
most severe fault is line to line fault. This finding is crucial for evaluating the reliability and 
stability of power transmission lines. 
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I. Introduction 

The electric power generated in the power plant will 
be raised in terms of voltage level with the support of the 
transformer before the electricity is transmitted and 
distributed with large, interconnected power systems. 
Transmission lines are essential parts of modern power 
networks. They serve an important role in distributing 
electricity, and faults in these lines can cause substantial 
disruptions in power supply [1]. High voltage is 
delivered in the transmission line to minimize 
transmission losses and thus be able to ensure 
continuous power supply in power systems without 
problems [2]. Faults that can happen on any 
transmission line are known as balanced faults and 
unbalanced faults. Three-phase balanced faults and 
unbalanced faults are two types of power system faults. 
Unbalanced faults on electricity transmission lines can 
be classified into three types: single line-to-ground, line-
to-line, and double line-to-ground [3]. An unbalanced 
fault is known as the most common fault that happens in 
transmission lines [4]. Understanding how three-phase 
unbalance affects distribution equipment losses is 

essential for ensuring reliable and efficient operation of 
power distribution networks. Therefore, fault analysis is 
one of the proper ways to evaluate the fault currents and 
voltages in power systems. The fault analysis results are 
important for the power system design, the protection 
system setting, and power quality considerations [5]. 
Faults in transmission lines are caused by circuit failures 
that disrupt the regular flow of current. A short circuit or 
open circuit fault creates an undesired conducting route, 
preventing current flow [6]. Faults can cause major 
interruptions, thus rapid detection and classification is 
critical for effective management [7]. 

The symmetrical component method continues to be a 
crucial analytical tool for managing unbalanced faults in 
electrical power systems. Proper analyses of unbalanced 
three-phase fault systems need to be done to understand 
the power quality of the power system after the fault 
occurs.  

This study will analyze the performance in term of 
voltage magnitude and current magnitude in each phase 
under unbalanced fault condition. Other than that, it 
focuses on obtaining the total fault current; bus voltages 

 

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License, permitting copy 
and redistribution of the material and adaptation for commercial and uncommercial use.  
 

ISSN: 2600-7495    eISSN: 2600-9633      IJEEAS Vol. 8, No. 1, April 2025 

Cost Optimization Model for a Grid-Connected Offshore Wind and 
Tidal Power Generation System Using Homer: A Case Study in 

Buffels Bay South Africa 
 
 

 L. Kangaji1*, A. Raji1, E. Orumwese2 
1Electrical Engineering, Peninsula University of Technology, Cape Town, 7535 2, South Africa 

 2Mechanical Engineering Department, Peninsula University of Technology, Cape Town, 7535 2, South Africa 
*corresponding author’s email: laskangaji@gmail.com 

 
 
Abstract – This study presents a cost optimization model for a grid-connected offshore wind and 
tidal power generation system, using Buffels Bay, South Africa, as a case study. The research utilizes 
the Hybrid Optimization Model for Electrical Renewable (HOMER) software to design and analyze 
a hybrid power system that integrates wind turbines, tidal energy, and battery storage with the local 
grid. Various system configurations were simulated to identify the most cost-effective solution, 
targeting the lowest Levelized Cost of Energy (LCOE) for a proposed 20 MW load. The optimized 
model combines tidal and wind power, contributing 62% and 20% of the total energy, respectively, 
demonstrating significant potential for renewable energy integration. The findings highlight the 
benefits of using a hybrid system to enhance reliability and reduce energy costs. Despite the low 
cost of coal-generated electricity in South Africa, the study shows that offshore wind and tidal energy 
can provide a sustainable and economically viable alternative, contributing significantly to the 
region's energy mix. This work offers valuable insights for future renewable energy projects in 
coastal regions with similar environmental and economic conditions.  
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I. Introduction 

In 2008, South Africa was confronted with a stark 
reality; the constitutional promise of secure and 
sustainable electricity access could not be met. The 
country, which depends on non-renewable fossil fuels for 
over 95% of its electricity, experienced a peak and 
subsequent decline in these resources [1]. The remaining 
coal is either inexpensive but low-quality surface coal or 
costly high-quality deep-level coal [2]. As a result, the cost 
of electricity generation is rising to meet increasing 
demand, further escalating prices. Notably, 20% of this 
demand originates from the domestic housing sector [3]. 
Electricity generation, primarily dependent on coal, gas, 
and oil, significantly contributes to global warming 
through substantial greenhouse gas emissions [4]. The 
ongoing conflict between Russia and Ukraine has 
exacerbated this issue, causing a sharp rise in fossil fuel 
prices [5]. Conversely, electricity generated from secure, 
sustainable, and renewable sources could greatly promote 
sustainable development, economic growth, and climate 
change mitigation [3]. For example, implementing a 50 
kWh/month solar system for low-cost housing could save 

the country over R100 billion annually and reduce national 
grid electricity consumption by 9,720 GWh per year, 
equivalent to 5.8million tonnes of CO2 [6]. Renewable 
energy sources, such as tidal energy, are widely 
recognized for being clean, natural, and abundant, making 
them essential for advancing sustainable development. 
These resources are particularly crucial for coastal cities 
and villages with limited electricity access. To improve the 
efficiency and reliability of tidal stream turbine systems, 
distributed energy storage devices like electrolysers, super 
capacitors, hydrogen banks, and batteries have been 
integrated. These technologies effectively manage excess 
power and address energy deficits [7]. Despite these 
advances, offshore wind power faces challenges, notably 
its high cost, approximately double that of onshore wind 
power [8]. Moreover, relying solely on offshore wind 
power results in significant output fluctuations and poor 
predictability, necessitating careful consideration of its 
integration into the grid [9]. In contrast, tidal current 
energy demonstrates more predictable periodic output 
fluctuations, highlighting its success as an application of 
ocean energy [10]. While many planned wind farms are 
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located in areas with water depths exceeding 30 meters, 
where traditional support structures may no longer be 
feasible, resulting in higher capital costs for the necessary 
systems. Consequently, the levelized cost of energy is 
likely to remain higher than that of gas or coal generation, 
making large-scale wind deployment dependent on 
ongoing government incentives [11].  

To reduce electricity generation costs, co-locating wind 
farms with other renewable technologies has been 
proposed. Consequently, there is growing interest in 
combining offshore wind power with tidal current power 
generation systems. [12]–[14] et al. proposed an 
innovative combined generation approach integrating 
offshore tidal current and wind power to effectively 
manage system costs . 

This study examines the co-location of offshore wind 
turbines with tidal stream turbine farms. Although tidal 
stream turbines are less mature than offshore wind or solar 
technologies, tidal arrays are currently being installed. The 
UK, for example, has the potential to generate an 
estimated 18 TWh/year from tidal stream resources, with 
the Pentland Firth alone capable of providing over 2 GW 
of average power. Co-location offers advantages such as 
shared electrical infrastructure and potentially shared 
support structures [15]. Additionally, co-located farms 
may experience reduced power variability compared to 
operating wind or tidal farms independently. Existing 
offshore wind farms have typically been established in 
areas with low tidal stream velocities [16]. Furthermore, 
extensive research has been directed towards enhancing 
the competitiveness of tidal energy, including its 
integration with other renewable sources and optimizing 
performance through combined use with wind turbines 
and storage [17].The inception of offshore wind power 
projects, initially driven by onshore wind power 
developments, began early in their research and 
development stages [8].  

Globally, grid-connected systems of this type have 
gained widespread adoption, particularly in smart city 
initiatives. Techno-economic analyses have consistently 
shown the feasibility of both standalone and grid-
connected hybrid energy systems [18]. While many 
studies have utilized tools like HOMER for renewable 
energy simulations, this study represents the inaugural 
application of HOMER Grid in simulating a grid-
connected system for a public institution. A significant 
barrier impeding South Africa's broader adoption of 
renewable energy is the lack of critical mass among 
society and government regarding commercial electricity 
generation from renewable sources. Therefore, this study 
aims to conduct a techno-economic analysis and 
optimization of a campus grid-connected tidal–wind 
turbine system using HOMER pro Grid. Its goal is to 
cultivate critical mass from grassroots levels of society 
and future generations. This study focuses on optimizing 
the cost of a grid-connected offshore wind and tidal power 

generation system using HOMER pro software, with a 
case study in Buffels Bay, South Africa. The primary 
objective of this paper is to assess the economic feasibility 
of a hybrid power system that integrates both tidal and 
wind turbines to meet the specific load requirements of the 
area. For comparison, an off-grid hybrid power system 
that incorporates tidal, wind, and battery storage is also 
designed. The paper is structured as follows: section II 
provides a detailed description of the system model, 
section III outlines the methodology, section IV presents 
the simulation models used, section V analyzes the 
optimization results and section VI concludes the findings. 

II. Literature Review 
This research facilitates the selection of the optimal 

hybrid tidal-wind energy system for a coastal city by 
incorporating specialized displays along with 
environmental and economic considerations [19]. A 
highly practical and reliable alternative to conventional 
power grids for electrifying rural regions is the Hybrid 
Renewable Energy System (HRES).They play a crucial 
role in reducing fossil fuel consumption and mitigating 
climate change [20]. HRES offer several advantages over 
single-energy-source systems, including enhanced 
reliability, decreased energy storage requirements, 
improved efficiency, modularity, and a lower Levelized 
Cost of Energy (LCOE)[21].This systematic literature 
review delves into various configurations and 
optimization strategies for hybrid renewable energy 
systems (HRESs), focusing on developments from 2015 
to 2024. Solar energy, characterized by its intermittent 
nature, often necessitates energy storage (ES) systems to 
mitigate supply and demand fluctuations in [22]. 
Similarly, wind turbines can effectively utilize ES units 
such as batteries to stabilize power output and store excess 
energy in [23]. Studies, such as those by Ghayoor [24], 
have explored the feasibility of small-scale wind turbines 
for consumers in Africa [25]. As Sanedi, et al., (2017) [2] 
argue that solar-ES configurations are more advantageous 
than wind-ES due to wind speed variability, although 
contrasting findings by Maleki et al. [26] underscore the 
regional variability in hybrid system resource selection 
based on meteorological conditions and load 
characteristics. 

Another effective configuration is the wind-solar-
energy storage (wind-solar-ES) system, which leverages 
the complementary characteristics of wind and solar 
energy to enhance system reliability and minimize storage 
requirements.  

Hybrid Renewable Energy Systems (HRES) enhance 
the overall stability and reliability of energy generation by 
effectively addressing the intermittency issues of 
individual renewable sources. Solar energy is most 
productive during the day, while wind energy can be 
harnessed even when sunlight is minimal [26].  
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Integrating diverse energy resources enhances the 
reliability of the energy supply, decreasing the risk of 
blackouts during adverse weather conditions. 
Furthermore, the incorporation of energy storage 
technologies within hybrid systems enables the capture of 
excess energy produced during peak output periods. This 
stored energy can subsequently be utilized during times of 
lower generation, thereby improving overall system 
efficiency and reducing energy wastage [18].  

Standalone renewable energy sources are intermittent, 
which can place stress on existing power systems, 
resulting in voltage and frequency fluctuations. The 
integration of hybrid systems with energy storage 
capabilities helps manage these fluctuations more 
effectively, allowing excess energy to be supplied to the 
grid during peak demand periods. This approach improves 
grid stability and mitigates congestion, facilitating a 
smoother integration of renewable energy into current 
power infrastructures [6]. 

The optimal design of hybrid renewable energy 
systems (HRES) is a well-researched topic, and extensive 
literature is available. The design problem involves 
determining the best configuration of the power system 
and the optimal location, type, and sizing of generation 
units to meet load requirements at minimal cost [27]–[29]. 
Optimal sizing remains crucial in HRES design, aiming to 
achieve desired reliability at minimal costs [30]. Objective 
functions encompass economic, reliability, social, and 
environmental aspects, driving the use of optimization 
tools ranging from classical techniques to modern meta-
heuristic algorithms like Genetic Algorithms (GA) and 
Particle Swarm Optimization (PSO) [31]-[32]. The 
evolution of these methodologies from 2015 to 2024 
highlights advancements in overcoming local optima and 
improving convergence efficiency in complex HRES 
sizing problems. Widely adopted software tools such as 
Hybrid Optimization Model for Electric Renewables 
(HOMER) and Improved Hybrid Optimization by Genetic 
Algorithm (iHOGA) continue to play a pivotal role in 
optimizing HRES configurations [14].  

Ssennoga et al.,(2018)[33] provided statistical 
modeling of solar-wind HRES based on annual cost, 
battery autonomy, sizing criteria, and ecological factors, 
employing step-by-step optimization to achieve optimal 
results. Hirose et al.,(2012) [34] developed a solar-wind 
hybrid system model incorporating diesel generators with 
renewable energy sources, based on long-term 
simulations. Modu [35] presented a logistical model of 
HRES to evaluate fuel and energy savings, addressing 
issues related to combining renewable and conventional 
energy sources. This model introduces a supplementary 
fictitious source to maintain power balance during 
simulations. 
Suchitra et al., (2019) [36]  used the loss of power supply 
probability (LPSP) to develop an integrated renewable 
energy system model, deriving the probability density 
function of the storage based on load distribution. 

Simulation programs are widely used to evaluate the 
performance of HRES, with many available for download 
from research laboratories and universities [37]. These 
programs help find the optimal configuration by 
comparing different system setups' performance and 
energy production costs. The National Renewable Energy 
Laboratory (NREL) in the United States is recognized for 
developing the widely respected HOMER software. 
HOMER models various energy components, including 
photovoltaics (PV), tidal stream turbines, wind turbines, 
hydropower, batteries, diesel generators, and other fuel-
based generators, as well as electrolysis units and fuel 
cells. It also evaluates optimal solutions by considering 
both costs and the availability of energy resources. 

III. Methodology 
A. Tidal Stream Turbine 

The objective of the tidal stream turbine (TST), as 
shown in Fig. 1, is to maximize power extraction from the 
wind or tidal flow. The following equations describe the 
torque produced by the turbine rotor and the power 
transferred to it. 

       31 ,
2t p flow flow pP C P AV C                   (1) 

                     t
t

rot

PT


                                          (2) 

 
where Pflow (W) represents the power of the air or tidal 
stream flow, as illustrated in Fig. 2. The fluid density is 
1025 kg/m3. A (m2) denotes the rotor's swept area, Vflow 
(m/s) is the upwind free wind speed or tidal stream flow 
speed, Cp is the power coefficient, and ωrot (rad/s) 
represents the rotor's angular speed [16]. Table II details 
the tidal parameters. 
 

 
 
Fig.1.Tidal energy systems configuration based on a PMSG [38] 
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Fig.2. Power Output Curve for the Schottel 54 kW Tidal Turbine 
 

TABLE I 
TIDAL PARAMETERS 

Parameters Symbols Values 
Cut-in tidal speed vcuttid < 1 (m/s) 
Rated tidal speed vratedtid 3 m/s 

The cross-sectional 
area of turbine A 

201.06 m2 

Power coefficient Cp 0.44 
Cut-out tidal speed vcututtid >5 m/s 

B. Tidal Stream Turbine 

Fig. 3 illustrates a wind energy conversion system. The 
wind turbine converts wind kinetic energy into AC or DC 
electricity based on its power curve, and HOMER 
estimates the turbine's hourly electricity production 
through a four-step process [7]. 

 

 
 
Fig. 3. Block diagram illustrating the components of a wind energy 

conversion system [39] 
 

The process begins by determining the hourly average 
wind speed using wind resource data, which is then 
adjusted to the turbine's hub height using logarithmic or 
power-law equations. Next, the power output is calculated 
based on the turbine's power curve, and this output is 
further adjusted by considering the air density ratio. 
HOMER uses the power-law formula to extrapolate wind 
speed data [40]. 

   
 

                𝑈𝑈ℎ𝑢𝑢𝑢𝑢 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (
𝑍𝑍ℎ𝑢𝑢𝑢𝑢
𝑍𝑍𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

)
𝛼𝛼

                     (4) 
 

Wind turbine performance is usually defined by power 
curves under standard conditions. HOMER adjusts the 
power output by applying the actual air density ratio to the 
estimated power value from the curve, which assumes an 
air density of 1.225 kg/m³. 

 
                    𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊 = ( 𝜌𝜌𝜌𝜌𝑜𝑜)𝑋𝑋𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊,𝑆𝑆𝑆𝑆𝑆𝑆                        (5) 

 
The power coefficient of a wind turbine is influenced 

by both the tip-speed ratio (TSR) and the blade pitch 
angle. Fig. 4 presents the typical variation of the power 
coefficient as a function of TSR for various pitch angles 
(β). 

 

 
Fig.3. Power generation distribution for the XANT M-21 turbine 
 
 The E-70 wind turbine is utilized in this study, with key 

parameters outlined in Table II. 
 

TABLE II 
WIND TURBINE PARAMETERS 

Parameters Symbols Values 

Cut-in wind speed vcuttid 5 m/s 
Rated wind speed vratedtid 15 m/s 

The cross-sectional area of 
turbine A 3959 m2 

Power coefficient Cp 0.44 
Cut-out tidal speed vcututtid 25 m/s 
The maximum output 
power Pwmax 2300 W 

Rotor diameter  71 m 

Hub height  25 m and 100 m 

C. Battery Sizing 

HOMER models a single battery as having fixed energy 
efficiency, with constraints on charging and discharging 
rates and total energy throughput. The software assumes 
that battery characteristics remain constant over time and 



ISSN: 2600 - 7495         eISSN: 2600-9633         IJEEAS,   Vol. 8,   No. 1,   April 2025

Cost Optimization Model for a Grid-Connected Offshore Wind and Tidal Power Generation System  
Using Homer: A Case Study in Buffels Bay South Africa

25

 
Cost Optimization Model for a Grid-Connected Offshore Wind and Tidal Power Generation System Using Homer: A 

Case Study in Buffels Bay South Africa 

 
 

ISSN: 2600-7495        eISSN: 2600-9633      IJEEAS Vol. 8, No. 1, April 2025 
 

 

are unaffected by environmental conditions. A battery 
bank, consisting of one or more batteries, has its lifespan 
calculated using a specific equation [41]. 

A battery is an energy source when discharging and a 
load when charging. Energy is stored in the batteries when 
the power generated by the tidal or wind turbine exceeds 
the load demand. A battery serves as an energy source 
when discharging and as a load when charging. It stores 
energy when the power output from tidal or wind turbines 
exceeds the load demand. Conversely, it supplies energy 
when the generated power is insufficient. The state of 
charge (SOC) is used to control charging and discharging. 
When SOC reaches its maximum value, the control system 
disconnects the load to prevent overcharging. In an 
integrated renewable energy system, batteries have two 
main functions: storing excess energy during charging and 
providing additional energy to meet load demands. If SOC 
drops to a minimum level, the control system adjusts to 
manage the excess power and ensure that the load's energy 
needs are met. Mathematically, this is expressed by 
maintaining SOC above a minimum level throughout any 
cumulative time 𝑡𝑡  within a specified period  𝑇𝑇 [42]. 

 

      𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏 = 𝑀𝑀𝑀𝑀𝑀𝑀 (𝑁𝑁𝑏𝑏𝑏𝑏𝑏𝑏×𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑄𝑄𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟

, 𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑓𝑓)        (6) 

 
where Rbat represents the lifespan of the battery bank (in 
years), Nbat is the number of batteries in the storage bank, 
Qlifetime is the total energy throughput of a single battery 
over its lifetime (in kWh), Qthrpt is the annual energy 
throughput of the storage system (in kWh/year) and Rbatt,f 
is the float life of the storage system (in years) [42]. 

D. Sizing Procedure Based on Supply Reliability 

Supply reliability is a key factor in designing an 
integrated tidal/wind-battery system and influences 
various sizing procedures. It refers to the probability that 
the power system will operate correctly over a specified 
period under given conditions without failure. This study 
presents a program for optimizing the sizing of 
components in the integrated energy system (tidal and 
wind-battery) by assessing generation adequacy through a 
reliability index. The Loss-of-Power Supply Probability 
(LPSP) parameter is one method used to quantify supply 
reliability [43] as in (7).   

 
       𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑃𝑃𝑟𝑟(𝐸𝐸𝐵𝐵(𝑡𝑡) ≤ 𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵; 𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡 ≤ 𝑇𝑇)         (7) 
 

E. Converter 

A converter is a device that converts electrical power 
from DC to AC during inversion and from AC to DC 

during rectification. HOMER models both solid-state and 
rotary converters. The size of the converter is determined 
by its inverter capacity, which indicates the maximum AC 
power that can be produced from DC electricity. The 
rectifier capacity, expressed as a percentage of the inverter 
capacity, denotes the maximum DC power that can be 
generated from AC power, making it a dependent variable. 
HOMER assumes that both inverter and rectifier 
capacities are continuous and free from surges, ensuring 
stable load management. The inverter can operate in 
parallel with other AC power sources, such as a generator 
or the grid. The inverter can operate in parallel with other 
AC power sources, such as generators or the grid. 
HOMER assumes that the key physical attributes of the 
converter, including inversion and rectification 
efficiencies, remain constant. The economic 
characteristics of the converter include capital cost, 
operation and maintenance (O&M) costs, replacement 
costs, and expected lifespan, all expressed in US dollars 
per year [44]. 

F. Economic Analysis 

Conducting a techno-economic analysis of an 
engineering system requires specific economic data, 
including the nominal discount rate, expected inflation 
rate, and project lifetime. The necessary economic data for 
this analysis are presented in Table III. 

1. Net Present Value (NPV) 

                        𝑁𝑁𝑁𝑁𝑁𝑁 = ∑ 𝐶𝐶𝑡𝑡
(1+𝑟𝑟)𝑡𝑡

𝑛𝑛
𝑡𝑡−0                      (8) 

where Ct is Net cash flow at time t, r is the nominal 
discount rate and n is the project lifetime. 

2. Main Internal Rate of Return (IRR) 

The IRR is the discount rate r at which the NPV equals 
zero. 
 
                        ∑ 𝐶𝐶𝑡𝑡

(1+𝐼𝐼𝐼𝐼𝐼𝐼)𝑡𝑡 = 0𝑛𝑛
𝑡𝑡−0                       (9) 

 
3. Levelized Cost of Energy (LCOE) 
 

                       𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =
∑ 𝐶𝐶𝑡𝑡

(1+𝑟𝑟)𝑡𝑡
𝑛𝑛
𝑡𝑡=𝑜𝑜

∑ 𝐸𝐸𝑡𝑡
(1+𝑟𝑟)𝑡𝑡

𝑛𝑛
𝑡𝑡=0

                     (10) 

 
where Et is the energy generated at time t. 

4. Simple Payback Period 
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 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹   (11) 

5. Annualized Cost 

        𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.𝑟𝑟.(1+𝑟𝑟)𝑛𝑛

(1+𝑟𝑟)𝑛𝑛−1        (12) 

6. Salvage Value 

          𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. ( 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

)            (13) 
where Cinitial is initial capital cost, Rrem is the remaining life 
of the component and Rtotal is the total expected life of the 
component. 

7. Loss-of-Power Supply Probability (LPSP) 

              𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = ∑ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

∑ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

                 (14) 

 
where Power Deficitt is power deficit at time t and Load 
Demandt is the load demand at time t. 

8. Discount Factor 

                                 𝐷𝐷𝐹𝐹𝑡𝑡 = 1
(1+𝑟𝑟)𝑡𝑡                        (15) 

where DFt is discount factor at time t. 

9. Cost of Energy (COE) 

 
   𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃   (16) 

10. Simple Payback 

The simple payback period is defined as the number of 
years required for the cumulative cash flow difference 
between the optimized and reference case systems to 
transition from negative to positive. This metric indicates 
the time needed to recover the initial investment cost 
difference between the optimized system and the reference 
system. 

 
 

11. Total Annualized Cost 

The total annualized cost of a component is the uniform 
annual expense that, over the project’s lifespan, equates to 
the net present cost of the component’s actual cash flows. 
This cost is calculated by multiplying the net present cost 
by the capital recovery factor, as indicated in the following 
equation. 
 
          𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑖𝑖, 𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) × 𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁,𝑡𝑡𝑡𝑡𝑡𝑡          (17) 

 
where CRF(I, Rproj) is the capital recovery factor, i is the 
discount rate, Rproj is the project lifetime and CNPC,tot is the 
total net present cost. 

12. Emissions Reduction 

The reduction in emissions is determined by the amount 
of energy generated by the renewable energy system, 
which replaces the energy that would otherwise be 
produced from fossil fuels. This reduction is expressed as 
emissions per unit of energy consumed. The emission data 
used for these calculations are detailed in Table IV. By 
applying these formulas, HOMER evaluates the economic 
performance of the integrated energy system, enabling 
comprehensive techno-economic analysis and informed 
decision-making. 

G. System Description 

The primary objective of this study is to develop a cost-
optimization model for a grid-connected hybrid energy 
system using HOMER Pro software. The model seeks to 
identify the optimal configuration that minimizes costs 
while ensuring a reliable power supply for a local coastal 
community in South Africa. This paper involves designing 
both on-grid offshore hybrid power systems using 
HOMER software to assess and determine the costs 
associated with various configurations. Specific input data 
is required for the HOMER simulation software to 
evaluate optimization outcomes across different 
combinations, as detailed in the subsequent section. 

The proposed hybrid system in HOMER software 
involves determining the load profile of a remote area, 
acquiring meteorological data for solar irradiance and 
hydroflow rates, and configuring the system components. 
Economic parameters and component sizes are 
established, and simulations are conducted for cost 
optimization. The levelized cost of energy (LCOE) is 
evaluated to ensure that the selected solution meets the 
study’s objectives. HOMER ranks the results based on 
cost, with the most optimized solution being the one with 
the lowest Net Present Value (NPV). Fig. 5 shows the 
steps of the model in HOMER. 
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5. Annualized Cost 
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(1+𝑟𝑟)𝑛𝑛−1        (12) 

6. Salvage Value 

          𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. ( 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

)            (13) 
where Cinitial is initial capital cost, Rrem is the remaining life 
of the component and Rtotal is the total expected life of the 
component. 

7. Loss-of-Power Supply Probability (LPSP) 

              𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = ∑ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

∑ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

                 (14) 

 
where Power Deficitt is power deficit at time t and Load 
Demandt is the load demand at time t. 

8. Discount Factor 

                                 𝐷𝐷𝐹𝐹𝑡𝑡 = 1
(1+𝑟𝑟)𝑡𝑡                        (15) 

where DFt is discount factor at time t. 

9. Cost of Energy (COE) 

 
   𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃   (16) 

10. Simple Payback 

The simple payback period is defined as the number of 
years required for the cumulative cash flow difference 
between the optimized and reference case systems to 
transition from negative to positive. This metric indicates 
the time needed to recover the initial investment cost 
difference between the optimized system and the reference 
system. 

 
 

11. Total Annualized Cost 

The total annualized cost of a component is the uniform 
annual expense that, over the project’s lifespan, equates to 
the net present cost of the component’s actual cash flows. 
This cost is calculated by multiplying the net present cost 
by the capital recovery factor, as indicated in the following 
equation. 
 
          𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑖𝑖, 𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) × 𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁,𝑡𝑡𝑡𝑡𝑡𝑡          (17) 

 
where CRF(I, Rproj) is the capital recovery factor, i is the 
discount rate, Rproj is the project lifetime and CNPC,tot is the 
total net present cost. 

12. Emissions Reduction 

The reduction in emissions is determined by the amount 
of energy generated by the renewable energy system, 
which replaces the energy that would otherwise be 
produced from fossil fuels. This reduction is expressed as 
emissions per unit of energy consumed. The emission data 
used for these calculations are detailed in Table IV. By 
applying these formulas, HOMER evaluates the economic 
performance of the integrated energy system, enabling 
comprehensive techno-economic analysis and informed 
decision-making. 

G. System Description 

The primary objective of this study is to develop a cost-
optimization model for a grid-connected hybrid energy 
system using HOMER Pro software. The model seeks to 
identify the optimal configuration that minimizes costs 
while ensuring a reliable power supply for a local coastal 
community in South Africa. This paper involves designing 
both on-grid offshore hybrid power systems using 
HOMER software to assess and determine the costs 
associated with various configurations. Specific input data 
is required for the HOMER simulation software to 
evaluate optimization outcomes across different 
combinations, as detailed in the subsequent section. 

The proposed hybrid system in HOMER software 
involves determining the load profile of a remote area, 
acquiring meteorological data for solar irradiance and 
hydroflow rates, and configuring the system components. 
Economic parameters and component sizes are 
established, and simulations are conducted for cost 
optimization. The levelized cost of energy (LCOE) is 
evaluated to ensure that the selected solution meets the 
study’s objectives. HOMER ranks the results based on 
cost, with the most optimized solution being the one with 
the lowest Net Present Value (NPV). Fig. 5 shows the 
steps of the model in HOMER. 

 
 
 

 
International Journal of Electrical Engineering and Applied Sciences 
 

 
 

ISSN: 2600-7495       eISSN: 2600-9633        IJEEAS Vol. 8, No. 1, April 2025 
 

 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹   (11) 

5. Annualized Cost 

        𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.𝑟𝑟.(1+𝑟𝑟)𝑛𝑛

(1+𝑟𝑟)𝑛𝑛−1        (12) 

6. Salvage Value 

          𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖. ( 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

)            (13) 
where Cinitial is initial capital cost, Rrem is the remaining life 
of the component and Rtotal is the total expected life of the 
component. 

7. Loss-of-Power Supply Probability (LPSP) 

              𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = ∑ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

∑ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑛𝑛
𝑡𝑡=0

                 (14) 

 
where Power Deficitt is power deficit at time t and Load 
Demandt is the load demand at time t. 
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the time needed to recover the initial investment cost 
difference between the optimized system and the reference 
system. 

 
 

11. Total Annualized Cost 

The total annualized cost of a component is the uniform 
annual expense that, over the project’s lifespan, equates to 
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where CRF(I, Rproj) is the capital recovery factor, i is the 
discount rate, Rproj is the project lifetime and CNPC,tot is the 
total net present cost. 

12. Emissions Reduction 

The reduction in emissions is determined by the amount 
of energy generated by the renewable energy system, 
which replaces the energy that would otherwise be 
produced from fossil fuels. This reduction is expressed as 
emissions per unit of energy consumed. The emission data 
used for these calculations are detailed in Table IV. By 
applying these formulas, HOMER evaluates the economic 
performance of the integrated energy system, enabling 
comprehensive techno-economic analysis and informed 
decision-making. 

G. System Description 

The primary objective of this study is to develop a cost-
optimization model for a grid-connected hybrid energy 
system using HOMER Pro software. The model seeks to 
identify the optimal configuration that minimizes costs 
while ensuring a reliable power supply for a local coastal 
community in South Africa. This paper involves designing 
both on-grid offshore hybrid power systems using 
HOMER software to assess and determine the costs 
associated with various configurations. Specific input data 
is required for the HOMER simulation software to 
evaluate optimization outcomes across different 
combinations, as detailed in the subsequent section. 

The proposed hybrid system in HOMER software 
involves determining the load profile of a remote area, 
acquiring meteorological data for solar irradiance and 
hydroflow rates, and configuring the system components. 
Economic parameters and component sizes are 
established, and simulations are conducted for cost 
optimization. The levelized cost of energy (LCOE) is 
evaluated to ensure that the selected solution meets the 
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cost, with the most optimized solution being the one with 
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Fig.4. Steps of the model in HOMER 
 
Whether the choice of selected result fulfils the 

objective of this work. HOMER ranked its result based on 
the least cost combination. The most optimized result by 
mean is the most optimal solution which is at the lowest 
cost of Net Present Value (NPC). 

H. Site Selection 

Buffels Bay, 657, South Africa (34º5.1ʹS,22ͦ58.2ʹE), 
was chosen as a case study to assess the feasibility of a 
hybrid system combining wind and tidal turbines 
connected to a microgrid to supply power to remote 
coastal communities isolated from the national grid. 
Buffels Bay is a small seaside village located 20 
kilometres from Knysna as shown in Fig. 6, within the 
Garden Route District Municipality in South Africa's 
Western Cape province. The village is named after the 
nearby bay that extends eastward.  

It is a well-known vacation spot, featuring a small 
waterfront area with shops. This area, a small tourist 
destination near Cape Town, experiences unstable 
electricity access due to load shedding by ESKOM in Fig. 
7. Currently, the community relies on a diesel power 
station located in the island’s main settlement for 
electricity. 

Ongoing research at the Centre for Renewable and 
Sustainable Energy Studies CRSES is examining the 
relationship between diesel usage and load shedding as 
indicated in Fig. 7. In the meantime, these two metrics are 
presented together for comparison [6]. 

 

 Optimizing the design involves identifying the 
optimal location, and size of devices required to 
harness these energy resources. 

 Conducting a feasibility analysis and assessing the 
financial viability of the optimized microgrid 
design. 

 

 
 

Fig. 6.Buffels Bay is a small seaside village location 
 

 
 

Fig.7.The relationship between diesel consumption and load shedding 
[6] 

I. Data Collection 

The east coast of South Africa, as illustrated in Fig. 8, 
features current flows that make this region suitable for 
potential tidal farm locations. To ensure economic 
viability, a stream velocity of at least 2 m/s is necessary 
for a tidal farm. This study, therefore, proposes a tidal 
Stream Energy conversion system. Buffels Bay  has been 
identified as a promising site based on tidal data from the 
South African Navy Hydrographic Office (SANHO) [45]. 

Fig. 9 illustrates an example of the fortnightly spring-
neap water level cycle observed at Mossel Bay. Similar to 
the conditions in Mozambique, the spring-neap cycle and 
daily inequality are significant along the South African 
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coast. Mean High Water Spring (MHWS) refers to the 
annual average height of high-water during spring tide 
periods, relative to Chart Datum. This average is 
calculated once every fortnight. The difference between 
MHWS and Mean Low Water Spring (MLWS) can also 
be considered the Mean Spring Tide Range (MSR), which 
is approximately 1.5 meters along the South African 
coastline [46]. 
 

 
 

Fig. 5. Agulhas Currents systems [45] 
 

 
 

Fig.6. Tidal water levels were measured over two spring tide cycles, 
emphasizing the significance of the tidal cycle [46] 

 
Wind speed and community load demand data for 

Buffels Bay, South Africa, were gathered from local 
meteorological stations and historical records.  

This study evaluated seven sites in Cape Town, South 
Africa - Cape Town with their geographical locations are 
shown in Fig. 10. Hourly mean wind speed data from 2000 
to 2019 as shown in Fig. 11, measured at 10 meters above 
ground level, were analyzed to identify the most suitable 
sites for wind power development. The wind speed data 
were extrapolated to various heights using a power law 
with a wind shear exponent of 0.14. The analysis covered 
annual, monthly, and diurnal variations in wind speed. 
Factors such as annual energy yield, plant capacity, and 
power duration were assessed to recommend the best sites 
and wind turbines. Key findings include: 

 Port Elizabeth recorded the highest mean wind 
speed at 6.01 m/s, while Bloemfontein had the 
lowest at 3.86 m/s. 

 Coastal sites (Cape Town, Durban, East London, 
and Port Elizabeth) showed an increasing trend 
in wind speed with higher latitudes [47]. 

 

 
Fig.7.Coastal sites 

 
The data, typically provided in hourly, daily, or monthly 

time series, was imported into HOMER using 
meteorological databases, local weather stations, and 
NASA's Surface Meteorology and Solar Energy (SSE) 
database. Additionally, tidal data for Buffels Bay was 
obtained from the Tide Forecast website, including 
specific tide conditions and charts for East London and 
Cape Town. Fig. 12 shows the monthly average micr-
hydro resources. 
 

 
Fig. 8. Monthly Average Wind Speed 
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Fig. 9. Monthly Average Micro-Hydro Resouces 

 
The village, which currently lacks historical electrical 

load data due to its non-electrified status, estimates its 
electrical load through assumptions. For a case study 
involved, the peak demand is estimated at 4500 kW, with 
an 80% load diversification applied to the base load 
without accounting for area-specific variations. The 
village is connected to the Buffels Bay customer load 
network and uses a scaled-down version of the demand 
profile, peaking at approximately 597 kWh to project its 
own demand. Detailed load data is recorded hourly, 
covering a full year (8760 hours), and is used as input for 
HOMER Pro®. The load primarily consists of residential 
properties, showing two distinct peaks: a smaller one in 
the morning and a larger one in the evening. Fig. 13 
illustrates the average hourly loads throughout the year, 
while Fig. 14 shows the yearly average loads, indicating 
higher demand during the winter months (June-August) 
[40]. 
 

 
Fig.10.Variation of load demand for 24 hours 

 
Fig. 14 illustrates the seasonal variations in electricity 

demand for the West Bank community. Generally, 
demand rises during the colder months due to greater 
heating requirements and may also increase during hot 
summer months if air conditioning is commonly used. 
This profile highlights the fluctuations in electricity 
consumption, showcasing the community's usage patterns 
in response to seasonal changes. 
 

 
 

Fig.11. Seasonal profile of load demand throughout the year 
 

A study by Prinsloo and Davidson found that in an 
African village, the average household consumes about 
12.5 kW, with usage peaks between 9:00-11:00 and 15:00-
18:00. Lighting is used from 18:00 to 23:00, and 
appliances such as a radio (5W) and a TV (70W) are 
typically operated during this time. To address a 20 MW 
load demand throughout the day, typical consumption 
patterns across residential, commercial, industrial, and 
public service sectors will be considered. This detailed 
daily load profile is based on a total demand of 20 MW. 
The data shows peak demand in June (69.29 kW) and 
between 6:00-7:00 PM (69.29 kW), with the lowest 
demand in January (162 kW) and between 3:00-4:00 PM 
(37 kW) [48]. 

J. Proposed System Architecture 

Fig. 15 depicts the circuit model of a Hybrid Offshore 
Tidal Turbine (HOTT) system integrated with a battery 
[13]. In this setup, the output of the induction generator 
connected to the tidal turbine can be modulated to stabilize 
frequency and manage active power fluctuations [12]. 

 

 
Fig. 12. Conceptual System Schematic of HOTT with Battery [49] 
Before simulating the renewable energy system, 
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designing the system architecture is essential. This design 
includes lead-acid batteries and a converter for energy 
storage, supported by power sources like tidal and wind 
turbines. For tidal energy, the Schottel 54 kW 
bidirectional turbine was selected due to its low cut-in 
speed, ability to meet peak load demands, and cost-
effectiveness in purchase, installation, and maintenance.  

The turbine's costs are $54,000 for capital and 
replacement, $2,700 annually for maintenance, and it has 
an operational lifespan of 10 years. The proposed wind 
turbine has a capacity of 100 kW, a hub height of 31.80 
meters, and an operational lifespan of 25 years. 

Energy storage is managed by lead-acid batteries, each 
with a nominal voltage of 12 V, a nominal capacity of 1 
kWh, a capacity ratio of 0.403, a roundtrip efficiency of 
80%, a maximum state of charge of 100%, a minimum 
state of charge of 40%, a throughput of 800 kWh, and a 
lifespan of 10 years. 

The system's converter has a capacity of 100%, with 
inverter and rectifier efficiencies of 95%, and a lifespan of 
15 years. All equipment specifications were sourced from 
the software's catalogue. Fig. 16 provides a schematic 
diagram of the proposed system architecture, with detailed 
specifications in Table III. A DC bus interconnects all 
components, with wind and tidal turbines as the primary 
energy sources. 

In HOMER, selecting the appropriate load profile for 
residential, commercial, industrial, or community is 
crucial. For this study, a residential load profile was 
chosen. When energy storage is included, HOMER 
requires specifying the storage type.  

To ensure the proposed microgrid can operate 
independently, the ion lithium battery was selected for 
energy storage after extensive simulations [14]. The grid-
connected system integrates wind and tidal turbines with 
a battery energy storage system (BESS) to compensate for 

periods with insufficient wind and tidal currents [50]. 

 
Fig. 13. Proposed system architecture 

IV. Results and Discussion 
Table IV displays the comprehensive results of the cost 

optimization analysis, ranked in descending order. In this 
study, the selected configuration is on the third line, 
comprising The XANT M-21 (100 kW) and Schottel (54 
kW) turbines are efficient for meeting peak load demands 
with low costs. The XANT M-21 has capital and 
replacement costs of $50,000 each, maintenance costs of 
$2,500/year, and a lifespan of 20 years. 

The Schottel turbine costs $54,000 for capital and 
replacement, $2,700/year for maintenance, and has a 10-
year lifespan. Additionally, a generic 12-volt lead–acid 
battery offers reliable performance with capital and 
replacement costs of $154 each, $15.40/year for 
maintenance, and a 10-year lifespan.  
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designing the system architecture is essential. This design 
includes lead-acid batteries and a converter for energy 
storage, supported by power sources like tidal and wind 
turbines. For tidal energy, the Schottel 54 kW 
bidirectional turbine was selected due to its low cut-in 
speed, ability to meet peak load demands, and cost-
effectiveness in purchase, installation, and maintenance.  

The turbine's costs are $54,000 for capital and 
replacement, $2,700 annually for maintenance, and it has 
an operational lifespan of 10 years. The proposed wind 
turbine has a capacity of 100 kW, a hub height of 31.80 
meters, and an operational lifespan of 25 years. 

Energy storage is managed by lead-acid batteries, each 
with a nominal voltage of 12 V, a nominal capacity of 1 
kWh, a capacity ratio of 0.403, a roundtrip efficiency of 
80%, a maximum state of charge of 100%, a minimum 
state of charge of 40%, a throughput of 800 kWh, and a 
lifespan of 10 years. 

The system's converter has a capacity of 100%, with 
inverter and rectifier efficiencies of 95%, and a lifespan of 
15 years. All equipment specifications were sourced from 
the software's catalogue. Fig. 16 provides a schematic 
diagram of the proposed system architecture, with detailed 
specifications in Table III. A DC bus interconnects all 
components, with wind and tidal turbines as the primary 
energy sources. 

In HOMER, selecting the appropriate load profile for 
residential, commercial, industrial, or community is 
crucial. For this study, a residential load profile was 
chosen. When energy storage is included, HOMER 
requires specifying the storage type.  

To ensure the proposed microgrid can operate 
independently, the ion lithium battery was selected for 
energy storage after extensive simulations [14]. The grid-
connected system integrates wind and tidal turbines with 
a battery energy storage system (BESS) to compensate for 

periods with insufficient wind and tidal currents [50]. 
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Gen Hydro (40kw) $70,000.00 $60,913.97 $0.00 $0.00 $8,154.95 $122,759.01 

Grid $0.00 $0.00 $816,533.04 $0.00 $0.00 $816,533.04 

System Converter $59,003.14 $24,619.95 $0.00 $0.00 $4,582.55 $79,040.54 

XANT M-21 (100KW) $300,000.00 $77,951.18 $127,833.56 $0.00 $43,68687.24 $462,097.50 

System $429,003.14 $163,485.10 $944,366.60 $0.00 $56,424.75 $1,480,430.09 

 
The inflation rate was set at 5.2% (South Africa), with 

a discount rate of 0%. Two primary tests were conducted 
in this study. This section investigates multiple scenarios 
to assess how the grid electricity purchase and sellback 
prices (Grid power price/Grid sellback price) affect the 
financial returns of renewable energy investments over a 
25-year period. 

Resources are external parameters essential for 
HOMER in microgrid system analysis. The choice of 
these resources, which depends on the location, directly 
impacts both power generation and the financial feasibility 
of the microgrid design. Therefore, selecting the right 
resources is crucial for an effective analysis. For this 
microgrid design, the key resources are wind speed data 
(sourced from NASA) and water speed data (obtained 
from https://www.tide-forecast.com) for the year 2024. 
Fig. 17. shows the power generation potential of the wind 
and tidal turbines at the Buffels Bay site based on this data. 

 

 
 

Fig. 14. Variations in power output for tidal turbines and wind turbines 
at the Buffels Bay site 

A. Power Generation Results 

Figs. 18(a) – (b) illustrates the monthly average power 
output (kW) and resource distribution for various 
scenarios. The renewable energy share for the wind-only 
scenario (36 kW) is 66.3%, which exceeds that of the tidal-
only scenario (63.9%) and the combined wind and tidal 
sources (65.4%). 
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Fig. 15. Annual average output, operational hours, and power 
production for the proposed scenarios at Buffels Bay 

 
Fig. 19 and Fig. 20 illustrate the energy generation 

portfolio is as follows: wind turbines generate 465,822 
kWh/year, accounting for 22% of the total energy output; 
the 40-kW generic hydrokinetic system produces 
1,003,094 kWh/year, representing 48%; and grid 
purchases add 608,805 kWh/year, constituting 29.3% of 
the energy mix. In total, the system generates 2,077,721 
kWh/year, resulting in 17,548 kWh/year of excess 
electricity. This leads to a cumulative surplus of 367,925 
kWh/year. These results highlight the system's capability 
to efficiently meet energy demands while maintaining a 
significant surplus, demonstrating its effectiveness in 
integrating renewable energy sources. 

 

 
Fig. 16.Wind turbine power output 

 
The wind turbine system, with a total rated capacity of 

100 kW, has an average output of 6.94 kW and a capacity 
factor of 6.94%, indicating that it operates below its 
maximum potential most of the time. The system 
generates 60,753 kWh per year, with a wide range of 
outputs from 0 kW to its maximum of 100 kW. The wind 
penetration of 3.70% shows a modest contribution to the 
overall energy mix. Operating for 4,872 hours annually, 
the system provides intermittent power. However, the 
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Fig. 9. Monthly Average Micro-Hydro Resouces 

 
The village, which currently lacks historical electrical 

load data due to its non-electrified status, estimates its 
electrical load through assumptions. For a case study 
involved, the peak demand is estimated at 4500 kW, with 
an 80% load diversification applied to the base load 
without accounting for area-specific variations. The 
village is connected to the Buffels Bay customer load 
network and uses a scaled-down version of the demand 
profile, peaking at approximately 597 kWh to project its 
own demand. Detailed load data is recorded hourly, 
covering a full year (8760 hours), and is used as input for 
HOMER Pro®. The load primarily consists of residential 
properties, showing two distinct peaks: a smaller one in 
the morning and a larger one in the evening. Fig. 13 
illustrates the average hourly loads throughout the year, 
while Fig. 14 shows the yearly average loads, indicating 
higher demand during the winter months (June-August) 
[40]. 
 

 
Fig.10.Variation of load demand for 24 hours 

 
Fig. 14 illustrates the seasonal variations in electricity 

demand for the West Bank community. Generally, 
demand rises during the colder months due to greater 
heating requirements and may also increase during hot 
summer months if air conditioning is commonly used. 
This profile highlights the fluctuations in electricity 
consumption, showcasing the community's usage patterns 
in response to seasonal changes. 
 

 
 

Fig.11. Seasonal profile of load demand throughout the year 
 

A study by Prinsloo and Davidson found that in an 
African village, the average household consumes about 
12.5 kW, with usage peaks between 9:00-11:00 and 15:00-
18:00. Lighting is used from 18:00 to 23:00, and 
appliances such as a radio (5W) and a TV (70W) are 
typically operated during this time. To address a 20 MW 
load demand throughout the day, typical consumption 
patterns across residential, commercial, industrial, and 
public service sectors will be considered. This detailed 
daily load profile is based on a total demand of 20 MW. 
The data shows peak demand in June (69.29 kW) and 
between 6:00-7:00 PM (69.29 kW), with the lowest 
demand in January (162 kW) and between 3:00-4:00 PM 
(37 kW) [48]. 

J. Proposed System Architecture 

Fig. 15 depicts the circuit model of a Hybrid Offshore 
Tidal Turbine (HOTT) system integrated with a battery 
[13]. In this setup, the output of the induction generator 
connected to the tidal turbine can be modulated to stabilize 
frequency and manage active power fluctuations [12]. 

 

 
Fig. 12. Conceptual System Schematic of HOTT with Battery [49] 
Before simulating the renewable energy system, 
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designing the system architecture is essential. This design 
includes lead-acid batteries and a converter for energy 
storage, supported by power sources like tidal and wind 
turbines. For tidal energy, the Schottel 54 kW 
bidirectional turbine was selected due to its low cut-in 
speed, ability to meet peak load demands, and cost-
effectiveness in purchase, installation, and maintenance.  

The turbine's costs are $54,000 for capital and 
replacement, $2,700 annually for maintenance, and it has 
an operational lifespan of 10 years. The proposed wind 
turbine has a capacity of 100 kW, a hub height of 31.80 
meters, and an operational lifespan of 25 years. 

Energy storage is managed by lead-acid batteries, each 
with a nominal voltage of 12 V, a nominal capacity of 1 
kWh, a capacity ratio of 0.403, a roundtrip efficiency of 
80%, a maximum state of charge of 100%, a minimum 
state of charge of 40%, a throughput of 800 kWh, and a 
lifespan of 10 years. 

The system's converter has a capacity of 100%, with 
inverter and rectifier efficiencies of 95%, and a lifespan of 
15 years. All equipment specifications were sourced from 
the software's catalogue. Fig. 16 provides a schematic 
diagram of the proposed system architecture, with detailed 
specifications in Table III. A DC bus interconnects all 
components, with wind and tidal turbines as the primary 
energy sources. 

In HOMER, selecting the appropriate load profile for 
residential, commercial, industrial, or community is 
crucial. For this study, a residential load profile was 
chosen. When energy storage is included, HOMER 
requires specifying the storage type.  

To ensure the proposed microgrid can operate 
independently, the ion lithium battery was selected for 
energy storage after extensive simulations [14]. The grid-
connected system integrates wind and tidal turbines with 
a battery energy storage system (BESS) to compensate for 

periods with insufficient wind and tidal currents [50]. 
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IV. Results and Discussion 
Table IV displays the comprehensive results of the cost 

optimization analysis, ranked in descending order. In this 
study, the selected configuration is on the third line, 
comprising The XANT M-21 (100 kW) and Schottel (54 
kW) turbines are efficient for meeting peak load demands 
with low costs. The XANT M-21 has capital and 
replacement costs of $50,000 each, maintenance costs of 
$2,500/year, and a lifespan of 20 years. 

The Schottel turbine costs $54,000 for capital and 
replacement, $2,700/year for maintenance, and has a 10-
year lifespan. Additionally, a generic 12-volt lead–acid 
battery offers reliable performance with capital and 
replacement costs of $154 each, $15.40/year for 
maintenance, and a 10-year lifespan.  
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The inflation rate was set at 5.2% (South Africa), with 

a discount rate of 0%. Two primary tests were conducted 
in this study. This section investigates multiple scenarios 
to assess how the grid electricity purchase and sellback 
prices (Grid power price/Grid sellback price) affect the 
financial returns of renewable energy investments over a 
25-year period. 

Resources are external parameters essential for 
HOMER in microgrid system analysis. The choice of 
these resources, which depends on the location, directly 
impacts both power generation and the financial feasibility 
of the microgrid design. Therefore, selecting the right 
resources is crucial for an effective analysis. For this 
microgrid design, the key resources are wind speed data 
(sourced from NASA) and water speed data (obtained 
from https://www.tide-forecast.com) for the year 2024. 
Fig. 17. shows the power generation potential of the wind 
and tidal turbines at the Buffels Bay site based on this data. 
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levelized cost of energy (LCOE) at $0.595 per kWh is 
relatively high, suggesting that the system is not cost-
competitive compared to other renewable energy sources.  
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System Converter 59,003.14 24,619.95 0.00 0.00 4,582.55 79,040.54 
System 126,958.00 887,682.00 0.00 0.00 12,579.00 1.09M 

 

 
Fig. 18. Net Present Cost analysis 

 

 
Fig. 19. Cumulative Discounted Cash Flows 

B. Environmental Impact 

The tidal and wind grid-connected system emits 
399,999 kg/year of CO₂, which, while lower than fossil 
fuels, still represents a significant greenhouse gas 
footprint. Notably, there are no emissions of carbon 
monoxide, unburned hydrocarbons, or particulate matter, 
which is beneficial for air quality. However, the system 
produces 1,734 kg/year of sulfur dioxide (SO₂) and 848 
kg/year of nitrogen oxides (NOₓ) indicated in Table VI. 
While these levels are relatively low, they can contribute 
to environmental issues such as acid rain and smog. 
Continuous efforts to minimize CO₂, SO₂, and NOₓ 
emissions are crucial for improving the system’s overall 
sustainability. 

TABLE VI 
POLLUTANT EMISSIONS 

Quantity Value Units 
Carbon Dioxide 399,999 Kg/yr 

Carbon Monoxide 0 Kg/yr 
Unburned 

Hydrocarbons 
0 Kg/yr 

Particulate Matter 0 Kg/yr 
Sulphur Dioxide 1,734 Kg/yr 
Nitrogen Oxides 848 Kg/yr 

IV. Conclusion 
This study explores the feasibility and advantages of a 

grid-connected offshore wind and tidal storage power 

system in Buffels Bay. By using HOMER Pro software, 
the optimized model reveals substantial cost savings and 
environmental benefits, making it a valuable example for 
similar renewable energy projects in coastal regions. The 
research focused on a DC-linked wind-tidal battery-grid 
system in South Africa, leveraging the area's abundant 
wind and tidal resources to design an efficient and eco-
friendly microgrid. 

Simulations were conducted to develop a DC-linked 
microgrid that integrates seamlessly with the national grid 
to supply residential loads in Buffels Bay, Cape Town. 
The design utilized data on wind speeds and tidal currents 
to evaluate capacity and cost-effectiveness. 

Key findings include: 
 Tidal Power: Tidal currents can generate 

electricity for 69.3% of the year, providing a 
reliable energy source. 

 Wind Power: Wind speeds are insufficient for 
electricity generation 78.2% of the year, 
highlighting the need for optimization. 

 Microgrid Integration: The proposed design 
enables DC power from Buffels Bay to be 
efficiently integrated into the national grid. This 
involves installing wind and tidal turbines on a 
single offshore platform, connecting them to a 
DC-linked system, and transmitting power 
through a DC marine cable to an onshore DC-AC 
converter, followed by transmission via an AC 
land cable to the utility grid station. 

The integration of offshore renewable sources, as 
demonstrated by HOMER Pro, shows strong potential for 
meeting energy demands. Combining wind and tidal 
power into a hybrid system offers distinct advantages: 
tidal energy provides a stable and predictable base load, 
while wind turbines can boost energy production when 
wind conditions are favourable. This hybrid approach 
mitigates the intermittency and variability typically 
associated with wind energy, enhancing the system's 
overall reliability. However, the relatively low wind 
energy contribution and high levelized cost of energy 
(LCOE) from wind indicate areas for potential 
improvement. Strategies such as better turbine placement 
or the adoption of more efficient technologies could 
enhance wind energy production and reduce costs. 
Expanding the tidal component or optimizing its 
integration with wind could further improve the hybrid 
system's efficiency and cost-effectiveness. In conclusion, 
the hybrid system effectively balances the variability of 
wind power with the stability of tidal energy, resulting in 
a robust renewable energy solution. To maximize the 
potential of this system, it is crucial to optimize both 
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levelized cost of energy (LCOE) at $0.595 per kWh is 
relatively high, suggesting that the system is not cost-
competitive compared to other renewable energy sources.  

 

 
Fig. 17. Hydrokinec Output 
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kWh/year, making up 89.7% of total 
consumption. This suggests AC loads are the 
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consumption is reported for these, indicating they 
are either not utilized or negligible 

 Grid Sales: The system sells 187,853 kWh/year 
back to the grid, representing 10.3% of total 
consumption. This helps balance the energy load 
and provides potential revenue. 
 

Implications: The high AC load consumption 
highlights its importance. The lack of DC or deferrable 
loads might suggest they are not needed. Effective 
management of AC loads and leveraging grid sales can 
enhance overall system efficiency and performance. 

The cost summary in Fig. 22 reveals that the Generic 
Hydrokinetic (40 kW) system has the highest total net 
present cost (NPC) of $890,133 due to substantial capital, 
operating, and replacement costs. The Grid incurs 
operational expenses amounting to $712,205. The XANT 
M-21 (100 kW wind turbine), with a total NPC of 
$417,817, also reflects significant capital and replacement 
costs. The lead-acid battery and system converter 
contribute relatively lower NPCs of $2,053 and  $71,764, 
respectively. Overall, the hybrid system's total NPC is 
$2.09 million, indicating a need for cost optimization to 
improve economic viability. The simulation details the 

cost allocation for each component, broken down into 
capital cost, replacement cost, operation and maintenance 
cost, and salvage value in Table V. A negative salvage 
value indicates no residual value at the project's end. 
 

 
Fig. 22. Cost Summary 

 
The net present cost (NPC) analysis in Fig. 23 provides 

a comprehensive overview of the economic impact of 
various components in the hybrid energy system. The 
Generic Hydrokinetic (40 kW) system shows the highest 
total NPC at $890,133, driven mainly by its high operating 
costs ($511,334) and replacement costs ($187,963). The 
Grid contributes significantly to overall costs, with a 
substantial NPC of $785,512 entirely due to operating 
expenses. The System Converter has a relatively lower 
NPC of $61,061, with notable contributions from capital 
costs ($45,581) and replacement costs ($19,019). Overall, 
the total system NPC is $1.74 million, indicating the need 
for strategies to minimize costs, especially in operating 
and replacement expenditures, to enhance the system's 
economic feasibility. 

The DCCFs over 25 years in Fig. 24 shows a substantial 
initial value of $12,000,000, indicating strong early 
performance. However, this value decreases significantly 
to $1,000,000 and eventually to $0, reflecting declining 
cash flows or increasing costs over time. The trend 
suggests that while the project was initially profitable, its 
long-term financial viability is in  

question. This decline necessitates a review of financial 
strategies and operational efficiency to address the 
decreasing returns and manage risks effectively. Investors 
should consider these trends when making decisions about 
ongoing investment or project adjustments. 
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costs ($511,334) and replacement costs ($187,963). The 
Grid contributes significantly to overall costs, with a 
substantial NPC of $785,512 entirely due to operating 
expenses. The System Converter has a relatively lower 
NPC of $61,061, with notable contributions from capital 
costs ($45,581) and replacement costs ($19,019). Overall, 
the total system NPC is $1.74 million, indicating the need 
for strategies to minimize costs, especially in operating 
and replacement expenditures, to enhance the system's 
economic feasibility. 

The DCCFs over 25 years in Fig. 24 shows a substantial 
initial value of $12,000,000, indicating strong early 
performance. However, this value decreases significantly 
to $1,000,000 and eventually to $0, reflecting declining 
cash flows or increasing costs over time. The trend 
suggests that while the project was initially profitable, its 
long-term financial viability is in  

question. This decline necessitates a review of financial 
strategies and operational efficiency to address the 
decreasing returns and manage risks effectively. Investors 
should consider these trends when making decisions about 
ongoing investment or project adjustments. 

 
 

 
 

 
TABLE V 

PRESENT COSTS 

Component Capital($) Replacement
($) 0&M($) Fuel ($) Salvage ($) Total($) 

Gen Hydro (40kw) 70,000.00 60,913.97 0.00 0.00 8,154.95 122,759.01 
Grid 0.00 0.00 816,533.04 0.00 0.00 816,533.04 
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System Converter 59,003.14 24,619.95 0.00 0.00 4,582.55 79,040.54 
System 126,958.00 887,682.00 0.00 0.00 12,579.00 1.09M 

 

 
Fig. 18. Net Present Cost analysis 

 

 
Fig. 19. Cumulative Discounted Cash Flows 

B. Environmental Impact 

The tidal and wind grid-connected system emits 
399,999 kg/year of CO₂, which, while lower than fossil 
fuels, still represents a significant greenhouse gas 
footprint. Notably, there are no emissions of carbon 
monoxide, unburned hydrocarbons, or particulate matter, 
which is beneficial for air quality. However, the system 
produces 1,734 kg/year of sulfur dioxide (SO₂) and 848 
kg/year of nitrogen oxides (NOₓ) indicated in Table VI. 
While these levels are relatively low, they can contribute 
to environmental issues such as acid rain and smog. 
Continuous efforts to minimize CO₂, SO₂, and NOₓ 
emissions are crucial for improving the system’s overall 
sustainability. 

TABLE VI 
POLLUTANT EMISSIONS 

Quantity Value Units 
Carbon Dioxide 399,999 Kg/yr 

Carbon Monoxide 0 Kg/yr 
Unburned 

Hydrocarbons 
0 Kg/yr 

Particulate Matter 0 Kg/yr 
Sulphur Dioxide 1,734 Kg/yr 
Nitrogen Oxides 848 Kg/yr 

IV. Conclusion 
This study explores the feasibility and advantages of a 

grid-connected offshore wind and tidal storage power 

system in Buffels Bay. By using HOMER Pro software, 
the optimized model reveals substantial cost savings and 
environmental benefits, making it a valuable example for 
similar renewable energy projects in coastal regions. The 
research focused on a DC-linked wind-tidal battery-grid 
system in South Africa, leveraging the area's abundant 
wind and tidal resources to design an efficient and eco-
friendly microgrid. 

Simulations were conducted to develop a DC-linked 
microgrid that integrates seamlessly with the national grid 
to supply residential loads in Buffels Bay, Cape Town. 
The design utilized data on wind speeds and tidal currents 
to evaluate capacity and cost-effectiveness. 

Key findings include: 
 Tidal Power: Tidal currents can generate 

electricity for 69.3% of the year, providing a 
reliable energy source. 

 Wind Power: Wind speeds are insufficient for 
electricity generation 78.2% of the year, 
highlighting the need for optimization. 

 Microgrid Integration: The proposed design 
enables DC power from Buffels Bay to be 
efficiently integrated into the national grid. This 
involves installing wind and tidal turbines on a 
single offshore platform, connecting them to a 
DC-linked system, and transmitting power 
through a DC marine cable to an onshore DC-AC 
converter, followed by transmission via an AC 
land cable to the utility grid station. 

The integration of offshore renewable sources, as 
demonstrated by HOMER Pro, shows strong potential for 
meeting energy demands. Combining wind and tidal 
power into a hybrid system offers distinct advantages: 
tidal energy provides a stable and predictable base load, 
while wind turbines can boost energy production when 
wind conditions are favourable. This hybrid approach 
mitigates the intermittency and variability typically 
associated with wind energy, enhancing the system's 
overall reliability. However, the relatively low wind 
energy contribution and high levelized cost of energy 
(LCOE) from wind indicate areas for potential 
improvement. Strategies such as better turbine placement 
or the adoption of more efficient technologies could 
enhance wind energy production and reduce costs. 
Expanding the tidal component or optimizing its 
integration with wind could further improve the hybrid 
system's efficiency and cost-effectiveness. In conclusion, 
the hybrid system effectively balances the variability of 
wind power with the stability of tidal energy, resulting in 
a robust renewable energy solution. To maximize the 
potential of this system, it is crucial to optimize both 
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components, ensuring economic viability and a reliable 
energy supply. 
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