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Abstract: Rooftop photovoltaic (RPV) systems are valuable clean-energy-efficient technology that
facilitates the transition toward energy sustainability in residential buildings. Hence, the government
in Jordan implemented the feed-in-tariffs (FiT) policy to motivate residents’ willingness to install RPV
systems. However, the quality of RPV products and services is a key determinant of social acceptance
to install RPV systems. Hence, manufacturers and suppliers are working closely with adopters to
design and manufacture RPV systems that meet or exceed their expectations. Still, there is a need to
develop a quantitative assessment to examine the effects of this FiT policy and the quality of RPV
systems on energy security. This study, therefore, develops a system dynamics model to examine the
effects of the FiT policy and the quality of RPV products and services on social acceptance to install
RPV systems. To achieve this objective, several hypotheses were established related to the main model
factors, including the quality of services, complaint reduction, performance ratio, payback period
and warranty, and FiT price, with a willingness to install RPV systems. Then, a system dynamics
model was constructed. The simulation results reveal the significant factor that impacts energy goals.
Moreover, from the end of the year 2030 to the end of 2050, RPV installations, generated power,
and CO, emission reductions are expected to increase from 0.681 GW to 72.83 GW, from 1.07 to
125.74 TWh, and from 0.680 to 79.59 million tons of CO,, respectively. Optimization was performed
to maximize the three objectives under the uncertainty of key model variables. The optimal factor
values can significantly increase the current energy goals by about 20%. In conclusion, collecting,
analyzing, and evaluating adopter input and feedback on RPV systems regarding their design and
technology and manufacturing and the post-services of RPV systems significantly influence energy
sustainability in residential buildings. In addition, government support through investing in the FiT
policy can boost RPV installations in residential buildings.

Keywords: CO, emissions; system dynamics; word-of-mouth; satisfaction; RPV systems

1. Introduction

Rooftop solar photovoltaic (RPV) technology plays a key role in achieving signifi-
cant economic, energy sustainability, and environmental gains [1]. The RPV market has
developed rapidly, resulting in cutting down expensive energy consumption [2]. RPV instal-
lations make up 50% of the total rooftop area and generate a maximum of 1.132 GWh/year
of electricity generation. Studies [3,4] show that RPV systems can provide approximately
50% to over 100% of the electricity needed to run units of residential buildings. Conse-
quently, governments and manufacturers are challenged to implement effective plans to
motivate adopters to boost RPV adoption, secure clean energy, and reduce dependency on
traditional nonenvironmentally friendly and scarce energy sources [5,6].
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Enhancing adopter satisfaction to install RPV systems is the key determinant for
moving toward the sustainability and security of solar energy [7,8]. Adopter satisfaction
is the overall affective response to a perceived discrepancy between prior expectations
and perceived changes in energy consumption and environmental impacts after installing
solar RPV systems [9-11]. A poor manufacturing and service quality of RPV products and
systems could negatively affect satisfaction with RPV systems [6,12-14]. Hence, to gain
a competitive advantage and enhance adopter satisfaction, manufacturers and suppliers
should regularly keep increasing contact with adopters to understand their requirements
and expectations of RPV systems. The assessment of adopter satisfaction with RPV sys-
tems regarding various technical and economic aspects, including the quality of service,
complaints, performance ratio, and payback period and warranty, is a key activity for
the continual improvement of RPV systems and products [15-17]. The collected input
information and feedback on the quality of manufactured/supplied RPV systems and
post-delivery services should be utilized to develop and manufacture high-quality, reliable,
and cost-effective RPV systems and products and enhance adopters’ satisfaction with RPV
systems and products [18].

Furthermore, increasing willingness to install is important to achieve energy security.
Hence, there is government support through adopting effective policies, including the
feed-in-tariffs (FiT) policy [19,20]. Through the FiT policy, governments support adopters
to own renewable energy generation systems on a net measurement basis to cover their
consumption and earn profits for their surplus generated electricity transferred into the
grid [21]. The annual FiT costs are paid to adopters directly proportional to the surplus
amount from the power generated and the FiT price. Typically, when the FiT price increases,
the rate of investment improves and thereby increases the annual RPV system installations.
The FiT cost depends on the electricity price, initial cost, rate of investment, and FiT price.
The effects of these cost elements should be carefully determined to maximize RPV systems
and product installations.

Jordan has massive solar energy potential, with the average solar radiation ranging
between 5 and 7 (kWh/m?). The majority of Jordanian cities have sun irradiation of
greater than 5.3 kWh/m?/day [22,23]. The residential market accounts for 72% of the
rapid expansion in the building and construction industry [24]. This has resulted in
rapid domestic demand for RPV systems, resulting in cutting down expensive energy
consumption in households. Residential buildings consume about 43% of the total electrical
energy consumption in Jordan, and demand for energy increases at an annual rate of
3% [25,26]. Furthermore, imported conventional energy resources contribute to a very high
level of greenhouse gas emissions (GHG) per capita at about 0.06% of the world’s total
CO; emissions [27,28]. Consequently, effective renewable policies are necessary to increase
willingness to install RPV technology and thereby boost installations of RPV technology in
residential buildings. The adoption of the FiT policy is an attractive decision to achieve
energy goals. Moreover, effective manufacturers and supplier initiatives are important to
increase adopter satisfaction with the technical and economic aspects of RPV systems and
products and thereby achieve economic and environmental benefits.

Generally, the quality of RPV systems can significantly affect the adopter intention to
install RPV systems. Manufacturers are, therefore, required to identify adopter preferences
on RPV systems to design and manufacture high-quality RPV systems that meet or exceed
adopter satisfaction. Then, support from local governments can boost the adoption of RPV
systems and products. Most previous studies were conducted to explore the impact of
renewable policies, including subsidies and FiT policies on energy goals. However, the
combined effect of adopter satisfaction and willingness to install through the FiT energy
policy has rarely been examined in previous studies. Further, system dynamics is an
effective technique to establish causal relationships and carry out computer simulations
to explore the nonlinear behavior of renewable energy systems over time [29-31]. In
these regards, this research contributes to the renewable energy literature by developing a
system dynamics model to investigate the causal relationships between adopters” overall
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satisfaction with RPV systems’ technical and economic aspects and willingness to install
RPV systems on energy and environmental objectives. Sensitivity analysis is conducted
to assess the impacts of uncertainties in the key model parameters, such as the quality
of service, complaints, performance ratio, payback period and warranty, and FiT price,
on energy goals. The results of this research may provide valuable feedback to decision-
makers in the energy sector, as well as the manufacturers of RPV systems, on how to
boost the adoption of RPV systems for rooftop residential buildings and maintain high
and stable levels of economic growth in the renewable energy sector. The remainder of
this research is outlined as follows: Section 2 presents a literature review on RPV systems.
Section 3 outlines the proposed system dynamics model. Section 4 analyzes and discusses
the research results. Section 5 summarizes the research conclusions.

2. Literature Review

Recently, examining the impacts of renewable energy (RE) policies on energy goals
has become a main research interest. Hsu [32] evaluated the impacts of the FiT price and
subsidies on solar RPV adoption in Taiwan using a system dynamics approach. Ahmad
et al. [20] evaluated the effects of the FiT policy in promoting solar RPV investments in
Malaysia using system dynamics. Zhang et al. [33] reviewed the European feed-in-tariffs
and changing PV efficiencies and costs. Radomes and Arango [34] employed breakeven and
cost-benefit analyses to examine the effects of subsidies and FiT policies on the diffusion of
RPV systems in Colombia. Al-Refaie and Lepkova [2] examined the effects of RE policies
on energy goals in the case of the small-scale sector using system dynamics. A simulation
was then conducted to predict energy objectives under each policy. Energy prediction was
also estimated under both FiT and subsidy policies. Al-Refaie and Lepkova [35] proposed a
system dynamics model to examine the impacts of saving rates and subsidy policies on RPV
installations and CO, emissions. The results reveal the significant positive effect of saving
rates and subsidy policies on energy objectives. Al-Refaie et al. [36] used system dynamics
to investigate the effects of satisfaction with RPV systems, advertising, and competition
on energy security and CO, emissions in Jordan. A simulation was used to determine
accumulated RPV installation, generated power, and CO; emission reduction. Al-Refaie
and Lepkova [37] employed system dynamics to examine the effects of overall satisfaction
with RPV systems and subsidy policy on accumulated RPV installation, generated power,
and CO; emission reduction. The results show that satisfaction with RPV systems is a key
factor for enhancing energy goals.

On the other hand, the social acceptance of RPV systems was examined in several
previous studies. Mukai et al. [13] investigated the factors affecting adopters’ satisfaction
with RPV systems and evaluated the extent to which RPV users understand specification,
reliability, and failure risks in Kakegawa City. The results validate the strong causal rela-
tionship between adopters’ expectations and their level of satisfaction. Komatsu et al. [6]
conducted an econometric analysis of the characteristics of RPV systems in Bangladesh
and identified the factors that affect adopters’ satisfaction with RPV systems. The results
reveal that frequent battery repairs and replacements of RPV systems negatively influenced
adopters’ satisfaction. However, the quality of RPV equipment was found to be positively
related to adopters’ satisfaction with RPV systems. Tarigan [38] performed an analysis us-
ing a simulation RPV system for electricity power generation at the University of Surabaya,
Indonesia. The results show that RPV panels could supply up to 80% of the campus energy
demand. Agathokleous and Kalogirou [7] evaluated various alternatives for the installation
of RRPV systems on Cyprus Island. The results reveal that the electricity demand can be
100% covered when over 70% of the existing residential stock installs a 3 kW RPV system.
Haryadi et al. [39] employed primary survey data from households and industries and
an exploratory factor analysis to investigate customer interest in using RPV systems in
Indonesia. It was found that education, residence location, and income can positively and
significantly influence RPV adoption probability. Qadourah [23] conducted a feasibility
analysis for the installation of RPV systems in Jordan under various climate areas and then
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determined the potential power generation from such systems over their lifetime. Simu-
lation was used to quantify electricity production and consumption under different tariff
schemes, capacities, and installation areas. Pan et al. [40] studied four installation scenarios
based on rooftop area data and analyzed the technical and economic potential of RPV
power generation in China. They found that Guangzhou is suitable for RPV installation,
with a maximum potential power generation capacity of 44.06-72.12 billion kWh per year.

This research proposes an extension to the ongoing studies on RPV systems by ex-
amining the combined impacts of the social acceptability of RPV systems and the FiT
policy on energy goals using a system dynamics approach. This study also assesses the
influence of quality determinants, such as the quality of services, complaints, performance
ratio, payback period and warranty, and FiT price on the accumulated RPV installations,
generated energy, and CO, emission reductions.

3. Model Development

Figure 1 depicts the structural model for the relationships between adopter satisfaction
with RPV systems and the FiT policy and willingness to install RPV systems, energy goals,
maximum RPV installations, generated power, and CO, emission reductions. In this figure,
the adopter satisfaction with RPV systems has several dimensions, including the quality
of services, complaints, performance ratio, and payback period. It is hypothesized that
increased adopter satisfaction with RPV systems positively influences the adoption of
RPV systems. Moreover, the FiT policy enhances willingness to install RPV systems and
increases RPV installations. Finally, increased RPV adoption would lead to enhanced energy
objectives measured by RPV installations, generated power, and CO, emission reductions.

Payback period
and warranty

Generated power

PV
Adoption

CO: emission
reductions

Performance
Ratio

Adopter
Satisfaction

RPV
installations

Hla
Quality of services

Figure 1. Model hypotheses.

Feed-in-Tariffs

Willingness to install
RPV systems

3.1. Adopter Satisfaction

The system dynamics model for the main factors affecting adopter satisfaction with
RPV systems is displayed in Figure 2. The main factors that affect adopter satisfaction
with RPV systems include the quality of service, complaints, performance ratio, and
payback period and warranty. Generally, beneficial changes in factor levels lead to an
increased adopter satisfaction with RPV systems and influence attitudes during the pre-
choice evaluation of alternative service providers. These factors are presented as follows:
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Figure 2. Satisfaction model.

(@) Quality of services

The quality of services plays an important role in maximizing the economic and envi-
ronmental gains from RPV systems and products. The RPV service covers the installation
and post-sales services, including a warranty against manufacturing flaws, environmental
issues, and premature wear and tear. A higher quality of services for RPV systems and
products should lead to higher adopter satisfaction.

(b) Complaints

Complaints cover product and service quality problems during all stages of RPV
system installation, use, and post-services. In practice, degradation can occur due to
manufacturing flaws resulting from poor-quality material or assembly, or flawed cell
packaging. Complaints about RPV systems and products can result in decreased satisfaction
with RPV systems;

(c) Performance ratio

An RPV system’s efficiency depends on the installation of certain high-tech prod-
ucts. New designs of products can improve RPV quality and thereby enhance adopter
satisfaction. The performance ratio (PI) calculated using Equation (1) measures the per-
formance of an RPV system while considering environmental factors (temperature and
solar irradiation).

PI = Energy system/(Solar irradiance x Module area x Conversion efficiency) (1)

Based on standard test conditions, the solar irradiation is 1 KW/m? [2,36,37]. In
addition, the performance ratio depends on the module area, solar irradiance, energy
system, and conversion efficiency of the installed RPV modules. Generally, the performance
ratio ranges from 60% to 90% due to different environmental conditions;

(d) Payback period

Generally, RPV modules can operate reliably with minimal service interruption for
a 20- to 25-year duration under a warranty period of 10 years. The payback period is the
time needed to cover the initial capital costs and is around 3.4 years. Further, complaint
reductions can significantly affect adopters’ satisfaction and can thus reduce the total
number of RPV installations.

In reality, satisfied adopters can inform up to 10 out of 20 non-adopters about their
poor experience with RPV systems. Therefore, manufacturers and suppliers should work
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closely with RPV adopters and conduct market research to collect, analyze, and evaluate
customer input and feedback to develop RPV systems and products that meet or exceed
their expectations.

3.2. FiT Policy Model

The FiT policy can contribute to influencing non-adopter willingness and intentions
to install RPV systems and consequently increase the number of RPV installations. The
FiT policy model is shown in Figure 3. The main factors of this model include annual net
metering, the FiT price and cost, the electricity price, the rate of investment (ROI) base and
upper limit, and willingness to install RPV systems. The idea is that the increase in the ROI
generated from the FiT price can result in increasing willingness to install RPV systems.
The government pays the FiT cost to adopters based on annual net metering credit.

Annual net metering
credit

Capacity factor Annual FiT cost

X D)
N

FiT cost

Electricity Price

FiT price

Rate on investiment

O,

Upper limit

willingness to install

ROI limits

Base value ROI
Figure 3. FiT policy model.

3.3. Energy Objectives Model

Figure 4 depicts the proposed system dynamics model for examining the relationships
between satisfaction and willingness to install due to the FiT policy with generated power
and CO, emission reductions. Satisfaction with RPV systems and willingness to install RPV
technology should lead to an enhancement in the number of RPV installations. The increase
in the number of RPV systems installations increases the amount of energy generated from
RPV systems and contributes to reducing CO, emissions. It is clean energy and has a much
smaller impact on the environment in comparison to conventional energy technologies.
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Figure 4. Adopter satisfaction and FiT policy relationships with energy objectives.

4. Research Results and Discussion
4.1. Results of the Main Model

The proposed model shown in Figure 4 was run by simulation using Powersim Studio
5 Software to predict the expected RPV installations (KW), generated power (KWh), and
CO, emission reduction (kg-CO;) during the years 2024 to 2050. Table 1 displays the
general input parameters of the proposed system dynamics model. Table 2 displays the
main parameters of the satisfaction model.

Table 1. General input parameters.

Parameter Value Unit
Module area 5.6 m?
CO, emission factor 0.633 kg-CO,/KWh
Solar irradiance 1800 KWh/m?
Electricity price 0.23 USD/KWh
Initial RPV cost 1300 USD/KW
Lower limit of RPV cost 1200 USD/KW
Life span 25 years
RPV power 3 KW /panel
Base ROI 0.489
Upper ROI limit 15

The obtained simulation results are as follows:

e  The cumulative RPV installations increase over time, as shown in Figure 5a. RPV
installations are expected to increase from 681.3 MW at the end of year 2030 to 7.45 GW
in 2040. The cumulative RPV installations will reach 72.83 GW by the end of 2050;

e In Figure 5b, the cumulative generated power increases linearly over time. The

cumulative generated power will increase from 1.07 TWh in 2030 to 12.76 TWh in 2040.
The cumulative generated power will reach 125.74 TWh by the end of 2050;
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o  The cumulative CO, emission reductions, as shown in Figure 5c, increase linearly over
time. The cumulative CO, emission reductions increase from 680 million Kg of CO,
by the end of 2030 to 8.08 million tons of CO, by the end of 2040. The cumulative CO,
emission reductions will reach 79.59 million tons of CO, at the end of 2050.

Table 2. Parameters of the satisfaction model.

Parameter Distribution Value Unit
Complaints Normal Mean = 3, Std. = 0.5 %
Quality of services Normal Mean = 85, Std. =5 %
Conversion efficiency 20 Y%
RPV degradation Normal Mean = 0.07, Std. = 0.01 %
Payback period 34 years
Energy system 1760 KWh
Warranty period 10 years
Payback period 34 years
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(a) Cumulative RPV installations versus time (Year).
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(b) Cumulative power generated versus time (Year).

Figure 5. Cont.
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Figure 5. Simulation results.

Further, the cost of RPV systems during the years 2024 to 2050 is shown in Figure 6,
where it is expected that RPV systems will decrease from USD 1300 in the year 2025 to USD
701.31. Furthermore, the cumulative FiT cost is expected as shown in Figure 7 to increase
from USD 20.4 million at the end of 2030 to USD 242.47 million at the end of the year 2040

and to USD 2.39 billion at the end of 2050.

KA1
$1300

$1200
s1100
31000

3800

S700
$600

$500

3300

5200

LI A I N T N I B B B

5100
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Figure 6. The cost of RPV systems (USD) versus time (Year).
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Figure 7. The cumulative FiT cost (USD million) versus time (Year).
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4.2. Effect of Model Factors
(a) Effect of quality of service

The relationships between changes in the quality of service and adopter satisfaction
with RPV systems (H1a) were evaluated as follows: The quality of service was assumed to
be normally distributed with a mean (and standard deviation) of 0.95 (0.02), 0.9 (0.02), and
0.75 (0.02). The corresponding expected cumulative RPV installations, generated power,
and CO, emission reductions are displayed in Table 3, where it is noted that satisfaction
with RPV systems increases from 80% at the end of the year 2030 to 83% at the end of the
year 2040 and to 86% at the end of the year 2050. This increase results in an increase in
the number of RPV installations, thereby increasing the generated power and reductions
in CO; emissions. For illustration, at the end of the year 2050, the quality of services is
normally distributed with a mean and standard deviation of 0.75 and 0.05, respectively,
and the expected cumulative generated power is 6768 MWh. When the quality of services
has a mean and standard deviation of 0.95 and 0.02, respectively, the expected generated
power is 7206 MWh, which indicates an increase in the power generated by 6.5% of that
at the mean and standard deviation of 0.75 and 0.02, respectively. Satisfaction with RPV
systems increases by 7.5%;

Table 3. Effect of quality of services on energy measures.

Quality of Services

Measure Year
(0.75, 0.02) (0.85, 0.02) (0.95, 0.02)
2030 1010 1055 1075
RPV installations (KW) 2040 2460 2600 2600
2050 3920 4400 4170
2030 1825 2570 1855
Generated power (MWh) 2040 4250 4450 4520
2050 6770 7085 7205
2030 1,101,900 1,152,700 1,172,550
CO; emission reductions (kg-CO,) 2040 2,686,700 2,811,150 2,859,790
2050 4,284,250 4,483,4900 4,561,400
Satisfaction (%) 0.80 0.83 0.86

(b) Effect of complaints

The effect of complaints about RPV systems on overall satisfaction with RPV systems
(H1b) was examined as follows: Complaints were assumed to be normally distributed with
means and standard deviations as shown in Table 4, where it is noted that as the mean of
the complaints decreases RPV installations decrease. A decrease in the mean of complaints
from 5% to 1% results in an increase in RPV installations by 0.82% and enhances satisfaction
with RPV systems from 82% to 84%;

(c) Effect of performance ratio

The effect of the changes in the performance ratio on adopter satisfaction with RPV
systems (H1c) was examined for the energy systems of 1760, 1860, and 1960 KWh. The
simulation results are displayed in Table 5, and it was found that increasing the energy
system from 1760 KWh to 1960 KWh results in reducing RPV installations, generated
power, and CO, emissions by 3.8%. Satisfaction with RPV systems (the performance ratio)
increased from 83% (0.87) to 86% (0.97);
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Table 4. Effect of complaints (%) on energy measures.

Complaints (Mean, Standard Deviation)

Measure Year
1,0.1) (3,0.1) (5,0.1)
2030 1070 1050 1060
RPV installations (KW) 2040 2600 2500 2600
2050 4150 4100 4100
2030 1850 1800 1830
Generated power (MWh) 2040 4500 4420 4450
2050 7150 7050 7100
2030 1,166,000 1,147,500 1,156,500
CO, emission reductions (kg-CO,) 2040 2,843,300 2,798,200 2,820,300
2050 4,535,000 4,462,800 4,498,200
Satisfaction (%) 0.84 0.83 0.82
Table 5. Effect of performance ratio on energy measures.
Measure Year Energy System (KWh)
1760 1860 1960
2030 1050 1070 1090
RPV installations (KW) 2040 2550 2617 2650
2050 4100 4175 4230
2030 1800 1855 1880
Generated power (MWh) 2040 4420 4520 4585
2050 7050 7214 7311
2030 1,146,400 1,173,800 1,189,600
CO; emission reductions (kg-CO,) 2040 2,795,700 2,862,800 2,901,400
2050 4,458,700 4,566,200 4,628,000
Satisfaction (%) 83 85 86
Performance ratio 0.87 0.92 0.97

(d) Effect of payback period and warranty period

The effect of uncertainty in the payback period and warranty period on adopter
satisfaction with RPV systems (H1d) was investigated as follows: The payback period
(warranty period) was assigned the values shown in Table 6, where it is noted that the
payback period and warranty period of 3.0 and 12.5 years provide the largest satisfaction
level of 91%. At the end of the year 2050, RPV installations (4134 KW) at the payback
period (3.4 years) and warranty period (10 years) are expected to increase to 4518 KW at
the payback period (3.0 years) and warranty period (12.5 years). This results in about a
9.3% increase in the generated power and reductions in CO, emissions. Further, increasing
the warranty period to 12.5 years and maintaining the payback period at 3.4 years results
in increasing RPV installations at the end of the year 2050 by 5.8%. Reducing the payback
period to 3 years at the warranty period of 10 years results in increasing RPV installations
at the end of the year 2050 by 3.9%;
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Table 6. Effect of payback period (warranty period) on energy measures.

Payback Period (Warranty Period) Years

Measure Year
3.0 (10) 3.0 (12.5) 3.4 (10) 3.4 (12.5)
2030 1100 1160 1060 1130
RPV installations (KW) 2040 2690 2830 2590 2750
2050 4295 4518 4135 4400
2030 1910 2000 1840 1950
Generated power (MWh) 2040 4655 4890 4480 4750
2050 7425 7810 7140 7580

2030 1,207,800 1,269,400 1,162,400 1,233,200
CO, emission reductions (kg-CO,) 2040 2,946,000 3,096,900 2,834,900 3,008,300
2050 4,699,500 4,941,300 4,521,600 4,799,300

Satisfaction (%) 88 91 84 89
Warranty factor 0.8 1.00 0.8 100
Payback factor 0.98 0.98 87 87

(e) Effect of FiT policy

The FiT policy was examined at the FiT prices of 0.19 and 0.21 USD/KWh. The base
ROI was assigned values of 0.49 and 0.50. The upper ROI limit, electricity price, and
capacity factor are 1.5, USD 0.23/KWh, and 0.20, respectively. Table 7 lists the energy
measures for different combinations of the FiT price and base ROL. In Table 7, the largest
amount of RPV installations (78.09 GW) at the end of the year 2050 corresponds to the FiT
price and base ROI of 0.21 USD/KWh and 0.49, respectively. An increase in the base ROI
from 0.49 to 0.5 at the FiT price of 0.21 USD/KWh results in a 20.8% reduction in generated
power. Moreover, an increase in the FiT price from 0.19 to 0.21 USD/KWh results in a
reduction in CO, emissions and an increase in generated power by 8.94% at the end of the
year 2050. This result shows the significant effects of the FiT price and ROI on energy goals.

Table 7. Effect of FiT price (base ROI) on energy measures.

Measure Year 0.19 USD/KWh 0.19 USD/KWh 0.21 USD/KWh 0.21 USD/KWh

(0.5) (0.49) 0.5) (0.49)

2030 0.64 0.68 0.66 0.69

RPV installations (GW) 2040 6.39 7.34 6.75 7.76
2050 56.3 71.11 61.73 78.09

2030 1.01 1.07 1.03 1.09

Generated power (TWh) 2040 10.94 12.58 11.56 13.31
2050 97.19 122.78 106.73 134.84

2030 0.64 0.68 0.65 0.69

&?ﬁfﬁfﬁiﬁ?&éﬂ?“mm 2040 6.93 7.97 7.320 8.43
2050 61.52 77.72 67.45 85.35

Willingness to use (%) 1.24 1.25 1.25 1.26

4.3. Practical Implications

This research examined the effects of changes in the quality of service, complaints,
payback period and warranty, and FiT price on RPV installations, generated power, and
reductions in CO, emissions. The simulation results reveal the following:
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(1) Variations in the quality of service (H1) resulted in significant positive impacts on the
amount of RPV installations, generated power, and CO, emission reduction. Thus,
suppliers of RPV systems and products should continually collect, analyze, and then
evaluate feedback on the quality of service for the delivered RPV systems to enhance
the overall satisfaction with RPV systems;

(2) Areduction in the complaint percentage significantly enhanced the amount of RPV in-
stallations, generated power, and CO, emission reduction. Consequently, developing
an effective system for handling adopter complaints can enhance overall satisfaction
with RPV systems and thereby improve the number of RPV system installations.
Moreover, manufacturers can utilize adopter complaints to identify opportunities for
enhancing the design and manufacture of high-quality and reliable RPV systems and
products that meet or exceed adopter expectations;

(3) The performance ratio mainly depends on the solar irradiance, energy system, and
conversion efficiency. Changes in these factors resulted in significant improvements
in the amount of RPV installations, generated power, and CO, reductions. Typically, a
larger performance ratio results in better performance. This requires developing RPV
products that can produce more system energy that is close to the theoretical energy
amount. The design and/or adoption of supplied and/or manufactured high-tech
components, products, and systems can significantly enhance the performance ratio
and thereby increase overall satisfaction with RPV systems;

(4) The payback period and warranty depend on the base rate of investment, initial cost,
electricity cost, life span, and FiT cost. Reducing the payback period and increasing
the warranty period increased RPV installations, and the generated power and CO,
emission reduction were significantly enhanced. Hence, manufacturers should care-
fully decide the initial cost of the RRPV systems and offer an appropriate warranty for
the installed systems that leads to improving overall satisfaction with RPV systems;

(5) Changes in the FiT price contribute the largest positive impacts on RPV installations,
generated power, and CO; emissions. Despite the huge FiT cost, governments should
support RPV system installations based on net metering to enhance willingness to
install RPV systems and thereby increase reliance on clean sources of electricity.

In summary, all the proposed hypotheses are accepted. Therefore, RPV system man-
ufacturers should collaborate with RPV adopters to understand their requirements and
expectations, design and develop high-quality RPV products and systems at affordable
prices, continually evaluate RPV design, operation, and post-services, enhance the qual-
ity of RPV products and services, and offer a wide range of innovative RPV products
and systems. Furthermore, the adoption of the FiT policy has had significant impacts on
RPV installations, generated power, and CO, emission reductions. Consequently, govern-
ments should provide sufficient funds to motivate and support the installation of RPV
solar systems. In the end, decision-makers in the energy sector should regularly monitor
the status of installations of renewable electricity and assess the impact of the FiT cost
to make effective decisions to enhance willingness to install RPV systems and products
and thereby achieve sustainable energy security and reduce nonenvironmentally friendly
energy-scarce sources.

4.4. Optimization of Model Factors

The optimization of decision variables, including the FiT price, payback period, war-
ranty period, quality of services, and energy systems, was conducted under simultaneous
changes in the electricity price, complaints, base ROI, and CO, emission factors. The
objective functions were to maximize RPV installations, generated power, and reductions
in CO; emissions. The optimization results are displayed in Table 8.
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Table 8. Optimization results.
Measure Distribution/Range Optimal Values Initial Values

Electricity price Normal (0.23, 0.005)

Assumptions Complaints Normal (0.03, 0.003)
Base ROI Normal (0.49, 0.005)
CO, emission factor Normal (0.63, 0.002)
FiT price Max. = 0.21 Min. = 0.18 0.21 0.19
Payback period Max. =3.4Min. =3 3.29 3.4

Decision variables Warranty period Max. =10 Min. = 12.5 1143 10
Quality of services Max. = 0.90 Min. = 0.8 0.89 0.85
Energy system Max. = 1860 Min. = 1760 1857.24 1760
25th percentile 73.1

RPV installations (GW) 50th percentile 84.95 88.9 72.83
75th percentile 96.08
25th percentile 126.21

Generated power (TWh) 50th percentile 146.68 152.12 125.74
75th percentile 165.91
25th percentile 79.8

CO.2 .emiSSion reductions 50th percentile 93.28 96.39 79.59

(Million tons CO»)
75th percentile 105.24

From Table 8§, it is noticeable that the quality of services (0.89), the FiT price (0.21),
the payback period (3.29 years), the warranty period (11.43 years), and the energy sys-
tem (1857.24 kWh) enhance RPV installations, generated power, and reductions in CO,
emissions from 72.83 to 88.9, 125.74 to 152.12, and 79.59 to 96.39 million tons of CO;, respec-
tively. These results prove the importance of satisfaction with RPV systems by enhancing
their main components—the quality of services, warranty period, payback period, and
energy system—along with increasing the FiT price, as this can result in significant gains in
energy objectives.

5. Conclusions

This research developed system dynamics models to predict the impacts of satisfaction
with RPV systems and the FiT policy on RPV installations, generated power, and reductions
in CO; emissions during the period 2024 to 2050. Two models were developed, including
satisfaction with RPV systems and the FiT policy. The satisfaction model considered
five factors: the quality of services, complaints, payback period, warranty period, and
performance ratio. The FiT policy model included the FiT price, electricity price, base
ROI, and willingness to use RPV systems. The simulation results for the year 2050 reveal
that the expected cumulative RPV installations, generated power, and reductions in CO,
emissions will reach 72.83 GW, 125.74 TWh, and 79.59 million tons of CO;. The changes
in the RPV satisfaction and FiT model factors were then examined. The results reveal the
significant impacts of these changes on energy goals. Finally, optimization was conducted
to decide the optimal model factors. At the optimal values of the quality of services (0.89),
the FiT price (USD 0.21), the payback period (3.29 years), the warranty period (11.43 years),
and the energy system (1857.24 KWh), RPV installations, generated power, and reductions
in CO, emissions are increased by 20% of that at the current factor condition. Therefore,
RPV system manufacturers should develop high-quality RPV products and systems at
affordable prices and continually enhance the RPV design, operation, and post-service
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activities to enhance satisfaction with RPV systems. Furthermore, the government plays a
key role in enhancing the adoption of RPV installations by offering attractive FiT prices.
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