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Abstract

China's abundant natural resources reveal inconsistencies in economics, environment, and society. Renewable energy sources can reduce
environmental pollutants and mitigate greenhouse gas emissions. Using HOMER software, Zhanjiang City, Guangdong Province, China,
optimizes the economic, environmental, and technological aspects of creating an off-grid hybrid power system for 100 houses. According to
the results, the most economically feasible photovoltaic (PV)-wind turbine (WT)-grid hybrid system is made up of one WT, 25.55 kW converters,
and 80 kW PV panels. Its total net present cost (NPC) is $494 119, and its cost of energy (COE) is $0.043/kWh. However, because it has the
greatest operation expenses, the PV—grid hybrid configuration has the highest NPC of $687 906 and COE of $0.068/kWh. Furthermore, according
to the technical analysis’s findings, WT contributed 49.2% of the overall power generation, equivalent to $357 694/kWh. The optimal WT/PV/grid
configuration, which is the suggested configuration, has the lowest yearly emissions of carbon dioxide (174 236 kg/year), whereas the PV-grid
configuration has the highest carbon dioxide emissions (246 769 kg/year). The results of the sensitivity evaluation’s findings demonstrate that
the COE and NPC amounts for the ideal configuration decline as solar irradiation and wind velocity increase. To clarify, raising the system'’s
velocity of wind or radiation from the sun can make it more economically viable. It may be concluded that the WT-PV-grid hybrid configuration
is the more environmentally friendly and economical technology. Zhanjiang, China, has the potential to develop a sustainable alternative energy
system combining WT and biomass power generation, but factors like fuel limitations and energy consumption must be considered.

Keywords: technological and economic potential; environmental; wind power; solar photovoltaic; hybrid renewable source; HOMER software

1 Introduction methods of creating clean power, which can significantly

The inherent inconsistencies within the fields of economics,
environment, and society are becoming apparent in the parts
of China that possess abundant natural resources. Utilizing
renewable sources of energy can effectively reduce pollutants
in the environment and mitigate greenhouse gas emissions [1,
2]. The two main clean energy-generating technologies, solar
and wind power, are gradually replacing traditional energy
generation, setting a trend in energy consumption [3, 4]. Vari-
ous hybrid alternative energy systems are considered effective

reduce environmental pollution [5, 6]. Hybrid energy produc-
tion utilizing wind and photovoltaic (PV) power generation
has experienced a surge in popularity in recent years [7, 8].
Several countries view the advancement of renewable energy
power generation as a key objective of their national policies
and have allocated substantial funds toward this program
[9, 10]. Examining the technological and economic conse-
quences of hybrid environmentally friendly energy production
is crucial for promoting the adoption and utilization of these
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Table 1. An overview of comparative research on the use of economic and technological analysis for hybrid green power

System Grid Load type Location Reference
PV/WT/battery Stand-alone Residential China [13]
WT/DG/PV/battery Stand-alone Residential China [14]
DG/PV/battery On-grid Residential Bangladesh [15]
WT/PV/DG/EC/battery Stand-alone Residential Iran [16]
WT/PV/DG/FC/battery Stand-alone Educational India [17]
PV/DG/FClelectrolyzer/HT/battery On-grid Health clinic Saudi Arabia [18]
PV/FC/DG/HT/electrolyzer/battery On-grid Hospital Malaysia [19]
WT/PV/DG/battery Stand-alone Residential Australia [20]
PV/DG/Hydro/battery Stand-alone Residential India [21]
PV/WT/DG/battery Stand-alone Residential India [22]
WT/DG/PV/battery Stand-alone Residential India [23]
PV/WT/DG/Boiler/electrolyzer/battery Stand-alone Residential Iran [24]
DG/PV/battery/flywheel Stand-alone Residential Saudi Arabia [25]
WT/DG/PV/battery On-grid Residential Iran [26]
WT/BG/DG/PV/battery Stand-alone Residential Iran [27]
PV/BG/FC/battery/electrolyzer Stand-alone Residential Cameroon [28]
PV/WT/Diesel/battery On-grid Residential Iran [29]
WT/BG/DG/battery Stand-alone industrial Iran [30]
WT/PV/battery On-grid Residential China [31]
WT/BG/ PV/battery On-grid Residential India [32]
PV/DG/WT/battery/electrolyzer Stand-alone Residential Bangladesh [33]
PV/diesel/battery Stand-alone Residential China [34]

systems [11, 12]. Hybrid energy-generating systems that com-
bine wind and PV power generation have gained widespread
acceptance in recent times for their techno-economic evalu-
ations. Table 1 presents many research projects that utilize
HOMER software to improve the technical, economical, and
ecological evaluations of hybrid clean energy sources.

Zhanjiang, China, has the potential to develop an alterna-
tive energy system combining wind turbine (WT) power and
biomass power generation. This sustainable and environmen-
tally friendly option could provide affordable, dependable,
and affordable urban electrification. There have not been
many studies on grid-connected generating systems in China’s
mild subtropical humid climate zone in terms of technology,
economics, and the environment, according to the literature
review previously discussed (Table 1). There is little research
on building a grid-connected hybrid setup in slightly humid
subtropical climate zones utilizing the multiyear model pro-
vided by HOMER software. The main goal of this study
is to examine novel applications of on-grid hybrid green
energy sources, which integrate solar PV cells with WTs, in
a moderately humid subtropical climate zone.

This study aimed to assess the technical and financial
feasibility of the on-grid arrangement in the moderately
humid subtropical environment of Zhanjiang City using the
HOMER simulation tool. Below is an explanation of the
paper’s structure:

The investigation’s approach is described in the second part.
The results are given and then discussed in the third part. In
the last part of the investigation, the conclusions are provided.

2 Materials and methods

2.1 Explain the area being examined

Zhanjiang is an important port city with 1.6 million inhab-
itants in western Guangdong Province, China (21°13.1'N,
110°20.8'E). Fig. 1 depicts the geographical position of
Zhanjiang [35].

2.2 Resource data

Fig. 2 depicts the mean monthly global horizontal irradiance
(GHI) and clearness index (CI) data for Zhanjiang port city
(July 1983 to June 2005) taken from NASA’s Prediction of
International Energy Resources database. As can be observed,
Zhanjiang has an annual average GHI of 3.91 kWh/m?/day
and a CI of 0.421. Fig. 3 depicts the mean monthly wind
velocity at a height of 50 m above the Earth’s surface (January
1984 to December 2013) in the city of Zhanjiang. As can be
observed, the mean monthly wind velocity in Zhanjiang is
5.73 m/s. Fig. 4 illustrates that the mean monthly temperature
of the air in Zhanjiang port is 23.65°C.

2.3 Load data

The study examines the energy usage in residential proper-
ties within a hypothetical small community comprising 100
dwellings situated in Zhanjiang city. The domestic appliances
under consideration encompass electric lights, air condition-
ers, TV sets, refrigerators, washing machines, rice cookers,
and other similar devices [36]. Figs 5 and 6 depict the load
patterns of the district in Zhanjiang city, showing the monthly
and hourly profiles, respectively. The community has a total
annual energy requirement of 1603 kWh/day, with a peak load
demand of 340.48 kW.

2.4 Configuration and components of a hybrid
configuration

This section provides a detailed analysis of the configuration
and components of a hybrid configuration. The hybrid PV-
wind turbine system being considered consists of PV modules,
a WT, and converters, as shown in Fig. 7. The WT is connected
via an alternating current bus, while the PV modules are
connected via a direct current bus. An AC/DC converter
establishes a connection between the alternating current bus
and the direct current bus.
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Figure 2. Monthly data on average Cl and GHI for the port city of
Zhanjiang.
7
599 61 609 o so 622 622
6 . 5.6
5.27 542 5.21
z 4.81
E 5
°
H
a4
@
°
£
23
&
<
g2
<
1
0
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec

Figure 3. Monthly average wind speeds at a height of 50 m at Zhanjiang
port are collected consistently every month of the year.

2.4.1 PV array

The simulation utilizes Jinko Solar 300 W monocrystalline
silicon cells. The cells demonstrate a 13% efficiency under
typical test settings. The PV’s capacity is maximized using the
HOMER optimizer. The research assesses how the ambient
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Figure 4. Average monthly average temperature for Zhanjiang city.
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Figure 5. The load profile of Zhanjiang city on a monthly basis.

temperature impacts the efficiency of solar panels. Specifically,
the study analyzes how temperature affects both the output
power and the nominal operating cell temperature. The resul-
tant values are —0.439%/°C and 46.7°C, respectively. The
power generated by the PV panels, accounting for temperature
effects, is calculated using a specific formula [37]:

G
Ppy = P,..fpy (G—:) [14ap (Tc —Ts)] (1)
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Figure 6. Hourly distribution pattern for the specified area within Zhanjiang city.
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Figure 7. The grid-connected hybrid WT/PV configuration diagram

The rated capacity of the PV panels is designated as P;
(kW), with f,y (%) representing the PV derating factor in per-
centage terms and Gt (kW/m?) indicating the instantaneous
sunlight irradiation on the PV panels during the time step in
terms of kilowatts per square meter. Gg (1000 W/m?) stands
for instantaneous sunlight irradiation on PV panels under
standard test conditions (STC). The term “a}” represents the
temperature coefficient of power, which is expressed as a
percentage change per degree Celsius (°C). The temperature of
solar panels in the STC (25°C) is represented by T, whereas
the actual temperature of the PV panels is represented by T¢
(°C).

The PV arrays are expected to have a construction cost
of $260/kW, and the estimated operation and maintenance
costs (O&M) costs are $10/kW. The PV arrays lack a tracking
mechanism and are permanently positioned at a 22° slope
and a 0° azimuth. Table 2 [38] provides detailed information
about the unique attributes of the PV panels.

2.4.2 Wind turbine

The 100 kW WT (Norvento nED 24) has been chosen for
evaluation in the current study. This WT stands at 36 m tall
at the hub and has a rotor diameter of 24 m. Fig. 8 shows the

Table 2. Technical and financial information of the chosen PV modules [38]

Item Specification

PV slope 22°

Azimuth 0°

Discount factor (DF) 85%

Cost of investment $260

Cost of replacement 0

O&M expenses $10/year/kW

Lifespan 25 years

Size 0-400 kW, 200 intervals

Power output(Kw)
120
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Figure 8. The Norvento nED 24 WT's power graph.

power efficiency of the Norvento nED 24. The WT’s capacity
is maximized by means of the HOMER optimizer. The WT’s
capacity is maximized by means of the HOMER optimizer.
Moreover, Table 3 [39] provides comprehensive technical and
financial details pertaining to the WT.

The level of electricity generated by a WT depends on the
current density of the air. In order to calculate wind velocity
at the hub elevation of a WT, it is necessary to employ the
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Table 3. Information regarding the technical specifications and financial
details of the Norvento nED 24 WT

Table 4. Information regarding the technical specifications and financial
details of the converter

Item Specification Item Specification
Diameter of the rotor 24 m Capital expenses $890/kW
Hub elevation 36 m Replacement costs $780/kW
Power rating 100 kW Expenses of O&M $10/year/kW
Costs of capital $150000 Lifespan 15 years
Costs of replacement $120000 Efficiency 95%
Operating and maintenance expenses $500/year/kW Capacity 0-600 kW, 150 intervals
Lifespan 20 years
Quantity 1
following equation [42]:
following equation [40]: P;
eldiny = F (5)
o
Hpub \*
Viub = Va. 2 2
hub = Va ( H, (2)

The wind velocity at a specific height, denoted by Hy,,;, and
expressed in meters, is represented by Vj,,, while the wind
velocity at a different height, denoted by H, and expressed
in meters, is represented by V,. The value of @ (power-law
coefficient) is influenced by a multitude of factors, including
wind velocity, surface roughness, height, and other variables.
In this analysis, we assume that the value of « is 0.14.

The power curve demonstrates the efficiency of a WT under
normal atmospheric conditions. The predicted output power
[Pws(V)] of the Norvento nED 24 WT is determined using a
mathematical model based on the following equation [41].

0, 0«KV<Vc
V=Vo)
Pws (V) = Prveveys Vo<V <Vr 5)
Pr, VR € V< Vg
O’ V > VF

The variables included in the equation are as follows:

The wind velocity is represented by V, the cut-in wind
velocity by Vq, the rated wind velocity by Vg, the furling wind
velocity by Vg, and the rated power of the WT is represented
by Pr (kW).

A common approach to analyzing the performance of WT
is to use a power curve, which delineates the turbine’s output
under standard temperature and pressure (STP) conditions.
The following formula [32] is utilized in order to determine
the output power, denoted by Py (V), of the WT under the
actual operational circumstances.

0
rhostp

Py (V) = ( ) Pws (V) (4)

Here, p represents the actual air density (kg/m?), while Pstp
represents the air density at STP, which is 1.225 kg/m?3.

2.4.3 Converter

Power converters are a crucial component of hybrid energy
systems. Their function is to convert AC to DC [37]. The
capacity requirements for inverters based on the flow of
energy from a DC to an AC can be determined by the

P;, the inverter’s electrical power input, is determined exclu-
sively by the inverter’s input power. In a similar vein, the
inverter’s output electrical power, Py, and its output power
are exactly equal. It is anticipated that the converter will
incur capital expenses amounting to $890, replacement costs
totaling $780, and annual O&M expenses of $10/kW. It is
anticipated that the converter will function for 15 years with
an efficiency rate of 95%. The converter’s effectiveness is
enhanced using the HOMER optimizer. The converter now
under examination is described in full in Table 4 [43].

2.5 Evaluation model

The net present cost (NPC) is determined by subtracting the
current value of expenses from the current value of benefits
received throughout the system’s duration. By determining the
reduction in the present value of all incoming and outgoing
cash for each year throughout the project’s timeline. HOMER
assesses system configurations by comparing them using the
NPC formula as described in reference [44]:

_ Ctac
NPC = CRF (i, n) (©

The formula for the capital recovery factor (CRF) is utilized
in determining the total annualized cost of the system, known
as Ciac ($/year), when applied to NPC [45].

i(1+0)n

CRF (i,n) = o1

(7)

The formula uses n to indicate the project’s lifespan in
years and i to represent the yearly real interest rate (%). This
analysis supposes that the project will have a duration of
25 years. The formula provided can be utilized to calculate
the annual effective interest rate (i), which is connected to the
nominal interest rate (inom) and the inflation rate (f,) [46]:

s inom_fa
T, ()

The levelized cost of energy is determined by dividing the
whole life cycle cost by the total lifetime energy production.
HOMER employs the equation provided in reference [47] to
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Table 5. Controls and restrictions in the software to manage system
functions

Items Value
Project lifetime 25 years
LF Yes
Charge in cycles Yes
Apply the set point Yes
Constraints minimal percentage of renewables 35%
Maximum yearly capacity shortage percentage 2%
Load in current time step 10%
Peak load per year 2%
Energy produced by solar panels 80%
Energy generated by WTs 50%
calculate the COE.

coE = St (9)

pro

The variable Cyy; represents the overall annual cost of the
system in dollars, while Epr, represents the entire electricity
production over its lifetime in kilowatt-hours (kWh).

The project’s 25-year lifetime is given in the report, along
with nominal discount rates of 3.76% and 0.2% for inflation.

2.6 Model of the environment

Most of the greenhouse gas emissions in hybrid power gener-
ation systems come from diesel and other fuel-powered gener-
ators, along with the fuel used by traditional power networks
[48]. This study specifically examines the ecological impacts
of carbon dioxide emissions. The grid’s CO; emissions can be
computed using the formula specified in reference [49]:

M. = 1000.F..Eg (10)

The equation represents the relationship between carbon
dioxide emissions per year (M.) measured in kilograms per
year (kg/year), the emission factor for grid energy (E;) mea-
sured in grams per kilowatt-hour (g/kWh), and the yearly
quantity of electricity purchased from grid power (F¢) mea-
sured in kilowatt-hours per year.

The computation of the renewable fraction (RF) involves
dividing the total electricity produced by the power system
by the amount of electricity derived from renewable energy
sources [50].

RF — ( Eren

— ) 100% 11
Eren + EI’IOI‘I—I‘CI’I ) ( )

Eren symbolizes the amount of kilowatt-hour produced
by renewable energy sources annually. On the other hand,

Table 6. The hybrid system'’s technical and economic characteristics

Hai et al.

Enon-ren indicates the amount of electricity produced (kWh)
from nonrenewable energy sources during the same time-
frame.

2.7 Constraints

HOMER enhances performance through the utilization of
dispatch methods, search space amounts, and sensitivity range
parameters. Capacity shortages do not incur any penalties.
Information on the system that manages the settings utilized
in the simulation’s execution restrictions can be found in
Table 5.

2.8 Single and multiyears modules

The HOMER software’s 1-year edition uses a grid search
algorithm and a specialized derivative-free method to model
the exploration area and adjust system component sizes. This
is achieved through a process of exhaustive search, whereby
the entire search space is exhaustively explored, and the
optimal solution is identified through a process of minimizing
the cost function [51]. The multiyear module is specifically
designed to replicate the progress that occurs throughout
the whole course of a project. Throughout the project’s life
cycle, HOMER is used to reproduce every year. The present
study estimates a 0.5% annual rise in the electric load and a
0.5% decline in PV efficiency. Additionally, it is expected that
the system’s fixed operation and maintenance expenses will
remain constant throughout time [52].

3 Results and discussion

This article examines the potential for integrating renewable
energies into China’s regions rich in their natural resources.
The HOMER Pro software is utilized to design, examine, and
evaluate a hybrid power configuration for a fictitious small
district consisting of 100 dwellings in Zhanjiang.

3.1 Optimization results

The outcomes of optimizing hybrid power systems with the
multiyear module are shown in Table 6. The small district of
Zhanjiang city has three feasible choices for energy systems:
PV-WT-grid, WT—grid, and PV-grid. The most economically
efficient choice is the 80 kW PV-WT-grid hybrid system
with the load following (LF) approach, consisting of one
WT and 25.55 kW converters. This option has a total NPC
of $494119 and a COE of $0.043/kWh. Nevertheless, the
PV-grid configuration was considered uneconomical due to
its high NPC of $687906 and COE of $0.068/kWh. The
predicted annual carbon dioxide emissions for the optimal
PV-wind—grid system are 174 236 kg/year, while the PV-grid
configuration, serving as the baseline configuration under the
LF strategy, has the highest annual carbon dioxide emissions
of 246 769 kg/year. Furthermore, within the PV—grid system,

Configuration PV wWT Converter Dispatch COE NPC (§) OC IC ($) RF (%)  Excess CO,
(kW) (quantity) (kW) ($/kWh) ($/year) electricity  (kg/year)
(%)
WT/PV/grid 80 1 25.55 LF 0.043 494119 18339 193591 60.67 3.16 174236
Grid/WT 1 LF 0.045 495597 21089 150000 53.18 0 198979
Grid/PV 267.33 85.17 LF 0.068 687906 33111 145305 36.60 10.88 246769
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system.

Table 7. Optimal setup for electricity generation and utilization using

PV/WT/DG/battery

Component Production Percentage
Jinko Solar300JKM300M-72 94155 kWh/year 12.9
Norvento nED 24 [100 kW] 357694 kWh/year 49.2

Grid purchases 275689 kWh/year 37.9

Total 727 538 kWh/year 100
Component Consumption Percentage
AC primary load 585095 kWhyear 83.5

DC primary load 0 0
Deferrable load 0 0

Sales grid 115889 kWh/year 16.5

Total 700 984 kWh/year 100
Quantity Value

Excess electricity
Unmet electric load
Lack of capacity

22996 kWh/year
0
0

PV Power Output

O 0

Figure 10. Output of power the PV.

the absence of a WT led to a higher NPC, and the hybrid
system required extensive space for the installation of its solar
panels. The hybrid arrangement of WT, PV, and grid is thought
to be the most economical and ecologically sustainable choice.

In Fig. 9, the electricity generation of every part in the
ideal WT-PV—grid hybrid configuration is displayed for each
month during the initial year. The residential buildings exam-
ined showed that most of their electricity comes from WT
power generation, specifically 357 694 kWh/year, making up
roughly 49.2% of the total power produced. Subsequently,
the majority of their energy is derived from grid power
generation and PV power generation, with an annual output
of 275689 and 94 155 kWh, respectively. These sources con-
tribute 37.9% and 12.9% of the overall power generation,
respectively.

Table 7 presents the power output of each component in
the ideal PV-WT-grid configuration. The surplus electrical
energy generated by this highly efficient system amounts to
22996 kWh each year, which accounts for 3.16% of the total
production. Additionally, there is no underutilized capacity or
unmet demand. Figs 10 and 11 depict the generating patterns
of the solar panels and WT power.
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Figure 12. The cost breakdown summary of capital, salvage,
replacement, and O&M expenses for the most efficient WT-PV-grid
configuration.

3.2 Economic analysis results

Fig. 12 offers a detailed visual representation of the over-
all costs, including capital, O&M, replacement, and salvage
expenses linked to the ideal PV-WT—grid configuration. The
grid has the highest NPC of $243 880 due to its elevated
operational and maintenance (O&M) expenses. On the other
hand, the PV has the smallest NPC at $33 995. The Norvento
nED 24 WT shows the biggest first investment and most
expensive repair expenses. As a result, cutting costs related
to the grid and the Norvento nED 24 WT could effectively
lower the overall system expenses.

Fig. 13a and b presents a comparison of cash flow out-
comes in nominal terms between the optimal WT-PV-grid
configuration and the base PV-grid configuration across the
entire lifespan of the project. The PV-WT—grid configuration
offers a greater number of advantages in terms of cost savings
and recovery compared to the PV—grid configuration. It is
evident that this demonstrates the economic viability of the
PV-WT-grid configuration over the entire 25-year project
lifespan.

Fig. 14 shows the total cash flows of the current configura-
tion and the proposed configuration for a period of 25 years. It
also shows the important point where the two configurations
that decide the length of time it takes to receive a discount
intersect. The PV—grid configuration is compared to the PV-
WT-grid hybrid configuration, with a calculated discount
payback period of 3 years.

3.3 Environmental performance analysis

Table 8 provides a detailed examination of the environmental
effects of key pollutants (such as CO,, carbon monoxide, SO;,
and NOx) released by various systems. It is noteworthy that
carbon dioxide emissions are the most prominent. The PV-
WT-grid hybrid system, which does not release any emissions,
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Figure 13. An evaluation of the yearly monetary income difference
between the ideal setup (a) and the basic system (b).
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Figure 14. Comparison between the total cash flow of the WT-PV-grid
hybrid configuration and the base configuration.

is the most environmentally friendly option. Conversely, the
PV—grid hybrid system, which emits the greatest quantity of
CO; (246 769 kglyear), emerges as the most polluting among
the systems analyzed.

3.4 Sensitivity analysis

Fig. 15 depicts the NPC value of the optimal systems as wind
velocity or solar irradiation data (sensitivity variables) are
modified. The optimal system is depicted on the graphical
surface with the NPC overlaying it. The optimal system’s NPC
value is inversely proportional to the wind speed or solar irra-
diation value. In other words, an increase in wind velocity or
solar irradiation can enhance the economic system. Moreover,
the figure demonstrates how the optimal system type varies
based on different wind velocity or solar irradiation values.
The WT-PV—grid configuration is likely to be the optimal
choice when the wind velocity is below 5.76 m/s. When wind

Hai et al.

Table 8. Emissions are released from every conceivable system

Pollutant Quantity (kg/year)
CO, 174236

CcO 0

Unburned hydrocarbon 0

Particulate matter 0

SO, 755

NO, 369

velocity exceeds 5.76 m/s within the current solar irradiation
range, the WT—-grid system may be the optimal choice.

Fig. 16 presents a graphical illustration of the fluctuation of
COE and NPC values in response to varying nominal discount
rates and wind speeds. The NPC is represented by a graphical
surface, with the COE superimposed on top. At the current
nominal discount rates, the most efficient configuration is the
PV-WT-grid system. When the discount rate goes up from
3.5% to 4.25%, the NPC value of the best system decreases
and its COE value increases. This indicates that the selection
of an appropriate nominal discount rate is of paramount
importance for the economic viability of the system. Further-
more, an increase in wind velocity from 5.4 to 6.3 m/s results
in a reduction in both the NPC and COE values of the optimal
configuration.

The findings indicate that surplus energy levels are directly
impacted by solar irradiation and wind velocity, as shown
in Fig. 17. The visual depiction shows the excess electricity,
with the COE displayed on top. An increase in yearly average
sunlight intensity from 3.6 to 4.5 kWh/m?/day causes surplus
electricity to grow and COE to drop. Likewise, a rise in wind
velocity from 5.4 to 6.3 m/s leads to a reduction in both excess
electricity and COE.

3.6 Policy implications

An alternative energy system combining WT power has the
potential to be a viable option for Zhanjiang city in China
due to the city’s abundance of wind resources, particularly in
urban areas. With the requisite funding or government sup-
port, these systems could provide a sustainable and environ-
mentally friendly option for urban electrification in China and
other developing countries. Research needs to consider vari-
ous factors such as fuel limitations, resale value, excess elec-
tricity management, potential adjustments to project duration,
and energy consumption to create dependable and affordable
standalone hybrid energy systems. Future research should also
examine the impact of different control methods on hybrid
systems with multiple fuel types. Moreover, future studies will
investigate the potential for hybrid energy systems combining
biomass power generation with other renewable sources to
enhance their efficacy and cost-effectiveness.

4 Conclusions

This study extensively examines a hybrid grid-connected
power configuration, considering environmental, techno-
logical, and economic factors to identify the most effective
approach for meeting the energy needs of a small community.
The research utilized HOMER software to optimize the design
of hybrid energy configurations for a cluster of 100 homes
in Zhanjiang City, situated in Guangdong Province, China.
Furthermore, various sensitivity analyses were conducted in
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Figure 15. Analyzing data on wind velocity and solar irradiation determines the best system type.
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Figure 16. The influence of alterations in both the nominal discount rate and wind velocity on the system’s NPC and COE.
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Figure 17 Variations in solar irradiation and wind velocity impact the excess of power and carbon dioxide emissions.

the study to ascertain the impact of different input parameters,
such as the discount rate, solar irradiation level, and wind
velocity, on the ideal hybrid configuration. In summary, the
key results of this investigation are outlined as follows:

The findings indicate that the most economical WT-PV-
grid hybrid setup with the LF approach includes 80 kW of
PV panels, a single WT, and 25.55 kW of converters. This
specific system shows a total NPC of $494 119 and a COE
of $0.043/kWh. The optimal system generates an excess of
22996 kWh/year (3.16 %), with no unmet demand or capacity
shortfall. Conversely, the PV—grid hybrid system exhibits the
highest NPC ($687 906) and COE ($0.068/kWh), attributable
to the highest operational costs. In the PV—grid configuration,
the absence of a WT resulted in an increase in the NPC, while
the hybrid configuration’s solar panel installation necessitated
a considerable amount of space. The most cost-effective and
environmentally friendly choice is the PV-WT-grid hybrid
configuration. Moreover, results of the multiyear system’s per-
formance assessment indicate that the majority of electricity

consumed in residential structures was generated by WTs.
This accounted for a total of 357694 kWh/y, representing
approximately 49.2% of the overall electricity produced. Fol-
lowing that, the residential buildings being analyzed mainly
receive electricity from grid power and solar power, producing
275689 and 94155 kWh/year, respectively. These amounts
represent 37.9% and 12.9% of the total power generated. The
suggested PV-WT-grid configuration, which is considered the
best option, has an annual CO;, emission of 174236 kg/year.
On the other hand, the PV—grid system, functioning as the
foundation system in the LF strategy, is responsible for emit-
ting 246 769 kg/year of CO, annually.

The findings from the sensitivity analysis indicate that as
solar radiation increases without any change in wind speed,
the COE and NPC of the optimal system decrease. In addition,
the ideal system’s COE and NPC values decrease as wind
velocity increases, with solar irradiation remaining constant.
Enhancing either the wind speed or solar radiation level
can boost the economic efficiency of the system. Moreover,
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the picture suggests that the best system type could change
based on wind speed or levels of solar radiation. A PV-WT-
grid system is likely the most effective if wind speed drops
below 5.76 m/s. If the wind speed exceeds 5.76 m/s, the
WT—-grid system is recommended within the current solar
irradiation range. The best choice is the PV-WT-grid setup
due to the current nominal discount rate. The NPC value of
the optimal setup decreases when the nominal discount rate
rises from 3.5% to 4.25%, but the equity value cost increases.
Hence, choosing the right nominal discount rate is advised
to guarantee the financial sustainability of the system. The
results indicate that excess energy levels are directly influenced
by solar irradiation and wind velocity. An increase in the
yearly average irradiation level from 3.6 to 4.5 kWh/m?/day
resulted in a higher surplus electricity percentage and a lower
equity cost. Additionally, an increase in wind speed from 5.4
to 6.3 m/s resulted in a reduction in both the surplus electricity
percentage and the COE.

In general, it is important to recognize that cities such
as Zhanjiang have the capability to adopt hybrid renewable
energy systems, and the economic and environmental justifica-
tion for investing in PV-WT-grid and WT-grid systems could
be seen in the coming years. Given enough financial backing
or assistance from the government, these systems could offer
a sustainable and environmentally friendly solution for urban
electricity needs in China and other emerging nations.
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