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Abstract: Rooftop harvesting of solar energy is a promising method to provide a great portion of 

household energy requirements in many parts of the world. However, the cost of solar energy systems 

sometimes makes the exploration of rooftop solar energy systems not attractive to property owners. 

This study evaluates the economic factors that could affect the decision on whether to consider the 

installation of solar energy systems using the estimated time that the cumulative solar savings would 

become positive. The economic implication of increasing the micro-generation capacity of individual 

households, and the impact of varied interest rates, and subsidies were also evaluated. Among the three 

factors that were presented, the result showed that increasing the amount of electricity that is allowed 

to be generated from individual rooftops will result in the highest economic attractiveness for end-users. 

This is also expected to move the world closer to the goal of sustainable management of non-renewable 

resources for present and future generations. Increasing the micro-generation capacity of electricity 

from photovoltaic (PV) rooftops by individual households without increasing the electricity 

distribution fees results in a reduction of the time to reach positive solar savings. In addition, increasing 

the micro-generation capacity of electricity from PV rooftops is expected to contribute to a reduction 

in the greenhouse gas (GHG) emissions from the electricity grid for the entire community. This study 

recommends the encouragement of policies that allow for the maximization of electricity generation 

potential from rooftops of residential and industrial buildings. 

Keywords: solar energy; resource depletion; energy policy; economic sustainability; market 

penetration; solar economics 

 



62 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

1. Introduction 

A reliable energy supply is crucial for the sustainable socio-economic development of every 

nation. Access to electricity has a significant effect on telecommunication services, healthcare and 

water supply. Meanwhile, in some parts of the world, many people do not have access to electricity 

from the main grid [1]. A considerable portion of energy use worldwide is from fossil fuels. Various 

works have mentioned the concern of the eventual depletion of fossil fuels. Some researchers [2] noted 

that in addition to the release of carbon emissions, the regular usage of fossil fuels leads to depletion. 

Hence, the exploration of renewable energy ought to be given a higher priority to ensure that this 

technology is well developed to provide sustainable electricity at an affordable rate while helping to 

reduce the concerns about resource depletion. Solar energy is abundant, non-polluting, and free [3]. 

Due to its widespread availability, solar energy (especially through solar photovoltaics technology) is 

widely used around the world [4]. Rooftop solar photovoltaics can contribute to energy independence 

while helping to reduce the concern around greenhouse gas (GHG) emissions. Lower GHG emissions 

from widespread solar photovoltaic (PV) implementation can help in addressing the climate change 

issue [5]. With the aid of solar cells, solar PV power generation converts solar radiation directly into 

electricity [6]. PV is recognized as a cost-competitive and sustainable technology that provides a clean 

energy source while contributing to reducing global environmental problems [7]. In the last 20 years, 

both in Europe and around the world, PV installations have become a popular form of renewable 

energy sources [8]. Another study [9] also mentioned that rooftop solar PV systems can contribute 

significantly to energy transition in Europe. Grid-connected solar power plants help to achieve a 

reduction in the polluting emissions from fossil power plants [10]. 

Households that adopt solar PV panels can reduce their average electricity unit cost by either 

self-consuming the self-generated electricity or by feeding the generated electricity into the grid [11]. 

However, it is important to note that among other things, the profitability of solar PV systems is 

dependent on the total cost of the solar energy systems, the available space for the energy systems, and 

the government regulations in the locality. Multi-dimensional indicators that affect the estimation of 

solar energy potential include the economics of solar products, government policies, technological 

development, local solar energy resources, land cover, etc., [3]. Among other factors, social acceptance 

is one of the factors that need to be considered in the selection of large PV power plants [12]. In 

addition to factors such as aesthetics, political climate, perspectives and pressures from influential 

stakeholders (especially those who have high economic and political powers in the community), social 

acceptance can be affected by the economic feasibility of solar PV systems. In the effort to provide 

electricity for nearly 1 billion unconnected people in developing countries, there are high hopes for 

market-based dissemination of off-grid technologies to complement expensive grid extension [13].  

PV rooftops have great potential for reducing reliance on conventional energy while helping with 

energy security during emergencies. PV rooftops also have significant potential in remote areas [5]. 

As the global population grows, the need for energy for sustainable development increases. Hence, 

there is a need for continuous improvement in the approach to renewable energy harvesting to 

supplement and better manage global ‘non-renewable’ energy reserves for present and future 

generations. Solar energy generation from rooftops has not come without various challenges. However, 

these challenges can be addressed by various novel approaches to maximize the potential for solar 

energy harvesting in residential communities. In some places, usable rooftop areas are limited by 

shading effects and obstacles on the roof. In a day, the shadow profile on a building rooftop varies 



63 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

constantly due to the ever-changing position of the sun, resulting in a significant variation of the usable 

rooftop areas at different hours [14]. Complex shading effects and rooftop availabilities make the 

planning of large-scale distributed rooftop systems a critical challenge [15]. This challenge can be 

mitigated by improved city planning while ensuring that no building causes an undue shading effect 

on another building. Roof designs to maximize solar harvesting potential would also be helpful. In 

high-density cities, there is a huge need for optimal packing and planning of large-scale distributed 

rooftop PV systems. The major barriers to large-scale deployment of rooftop PV systems are lack of 

awareness among consumers about the system, lack of manufacturing facilities, high upfront cost, 

lack of skilled workers, lack of business models and regulatory challenges [16]. Technical experience 

in the manufacturing sector and limitations in domestic technology are some of the major barriers 

inhibiting the progress in rooftop adoption [5]. This challenge can be addressed by the intentional 

creation of more solar panel manufacturing facilities in different communities to support local needs 

and also to provide adequate export to other regions around the globe. 

The energy policy in different places mitigates against adequate exploration of solar energy. In 

some places, complex shading effects on rooftops of buildings are not a major issue. The amount of 

electricity that can be generated from the rooftops of the buildings is limited to household use while 

potential opportunities for sharing of excess energy that is generated through a ‘community share 

program’ can be explored. A practice that limits the amount of solar energy that can be generated from 

rooftops to household use reduces the potential for solar economics to be very attractive. On the other 

hand, adequate policy upgrades to maximize the use of solar energy as a means for sustainable 

management of non-renewable natural resources can help increase the economic sustainability outlook 

while improving the market penetration for renewable energy systems. There is interest in the 

exploration of solar energy systems for different applications. Solar energy can be exploited to produce 

heat energy through solar thermal collectors and also generate electricity through solar (PV). A 

combined photovoltaic-thermal (PVT) system is attracting interest to maximize the benefits of solar 

energy [17]. Some researchers [18] noted that solar vehicles (renewable energy-based systems) with 

no emissions of greenhouse gases can be considered a substitute for modern-day automobiles. The use 

of rooftop solar photovoltaics and batteries to provide energy for electric buses is seen as a good 

approach to the reduction of GHG emissions and street-level air pollution in high-density cities [19]. 

Some researchers [20] mentioned the application of solar energy in trains. Another report [21] made 

mention of solar bike paths in the Netherlands. Although there are several advantages to the use of 

solar energy, some other factors mitigate against its application at various times in different places 

around the globe. Disadvantages of solar electricity include its limitations by weather. Since solar 

panels need sunlight to work well, their performance drop during cloudy and rainy days [22], making 

storage of electricity that is produced a necessity. The economic attractiveness of solar energy is also 

an important factor that can influence the effort to increase the penetration of solar energy systems. 

Efforts to have the most efficient and optimum services with minimum cost are essential in every 

industry [18]. Some researchers [23] reported that due to a high discount rate and weather with medium 

annual solar radiation intensity, the economic competitiveness of photovoltaic/thermal technology is 

not very high in the city that was studied in their research. This shows the need for continuous study 

on how to increase the economic competitiveness of PV modules for all the applications where its use 

is desirable. 
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2. Materials and methods 

2.1. Research objective 

The objective of this study is to evaluate the impact of multiple variables on the economic 

feasibility of rooftop solar energy systems. 

This research objective is evaluated by: The time for the cumulative savings on investment in 

solar energy to become positive. 

2.1.1. Research questions 

(1) Is roof-top solar energy economically feasible? 

(2) What measures can be taken to enhance the economic feasibility of solar energy systems? 

(3) What areas of improvement exist to improve the economic feasibility of roof-top solar energy? 

(4) What impact do interest rates, subsidies and increased micro-generation capacity have on the 

economic attractiveness of solar energy systems (as measured by cumulative solar savings)? 

2.2. Methodology 

Records of electricity bills obtained for 5 different households allow for an evaluation of the 

household electricity usage for the year. It also allows for an estimation of the capacity of solar panels 

that can serve the electrical energy needs of the household for the year. Quotes for the installation of 

solar panels that will cater to the electrical energy needs of the households were received from a 

representative of a solar energy installation company. To evaluate the attractiveness of the cost of 

investment in solar energy systems, the cost estimate that was received from a solar panel installation 

company for one of the five residential families and the monthly distribution/transmission fees for 

electricity from the grid were used to estimate how long it will take the savings on solar investments 

to become positive. The time taken for the cumulative solar savings to become positive was also 

evaluated with varied interest rates while keeping micro-electricity generation capacity constant. The 

solar savings for each year were calculated by subtracting the earnings from micro-electricity 

generation from the sum of the yearly loan payment, the transmission/distribution fees, administrative 

fees, and tax. Note that the calculation for solar savings will be dependent on the different kinds of 

costs that are associated with the production and use of solar energy. Among other things, a previous 

work [24] considered the cost of incremental insurance and maintenance in the calculation of solar savings.  

The principal loan amount (𝑃𝑙) illustrated in Eq 1 is calculated by subtracting the government 

incentives (𝐺𝑖) and the downpayment (𝐷𝑝) from the sum of the quote from the contractor (𝑄𝑡) and 

the tax (𝑇𝑥). i.e.,  

𝑃𝑙 = 𝑄𝑡 + 𝑇𝑥 − 𝐺𝑖 − 𝐷𝑝 (1) 

This study 

(1) Evaluate the impact of varied interest rates on time for solar savings to become positive. 

(2) Evaluate how government incentives influence the time for solar savings to become positive 

(i.e., indirect influence on the attractiveness of solar investments). 



65 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

(3) Evaluate how the increase in the microgeneration credit affects the time for solar savings to 

become positive (indirectly increasing the attractiveness of electricity generation from solar power). 

(4) Evaluate how the increase in microgeneration capacity of rooftop solar energy can contribute 

to the reduction of GHG emissions. 

The number of years for cumulative solar savings to become positive with varying interest 

rates (1%, 3%, 5%, and 7.2%) was evaluated without increasing the electricity distribution and 

administrative fees. The impact of the increase in the transmission fees on the time for the cumulative 

solar savings to become positive was evaluated at a 1% interest rate. The cumulative solar savings is 

a sum of the solar savings beginning from the time of installation of the solar panels until the period 

that is being evaluated. 

2.2.1. Project assumptions 

It is assumed that the revenue from micro-generation, administrative fees, and distribution fees 

increase with the rate of inflation. The number of compounding periods is assumed to be 365 for all 

the years that were evaluated. Although the quotes that were received for the installation of solar panels 

that will cater to the households vary, the estimated principal loan amount for analysis of the economic 

feasibility of solar panels for this study is $21,735.00. Note that it is likely that the distribution fees 

may be reduced after the installation of solar panels (depending on local rules and regulations around 

distribution fees). However, in evaluating the impact of distribution fees, for this illustration, it is 

assumed that the electricity distribution fees are unchanged, except when it is scaled up to evaluate the 

impact of distribution fees on increased microgeneration potential from individual rooftops. 

3. Results 

3.1. Factors that can affect the acceptance of solar energy systems 

3.1.1. System costs 

Among other factors, the price of solar panels as relating to the upfront cost, and the expected 

payback period are important factors that can affect the widespread use of solar energy. 

3.1.2. Cost of installation of solar energy systems for residential buildings 

The cost of installation of solar panels differs from one project to the other. Various factors such 

as the cost of the PV panels, the cost of associated materials for installation, labor cost, costs to 

purchase/rent the installation equipment, and the technicality of the job may affect the cost of the 

installation of solar panels. A previous work [25] gave the cost of installation of solar panels for various 

communities in Canada. Table 1 shows the electricity usage (for a 12-month period), and estimates 

from a solar panel installation company for the cost to install solar panels for five households. 

The author [26], reported that the average installation cost per watt ranges from $2.34–$2.59 in 

Ontario to $2.51–$2.77 in Alberta to $3.53–$4.32 in Newfoundland and Labrador, and to $4.00+ in 

Nunavut. To compare the cost from the contractor with data from previous work, the average 

installation cost for solar panels in Alberta is multiplied by the estimated capacity (watts) for the solar 
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panels for the household. This means that for a 9.7 KW system above, the estimated cost for installation 

of solar panels in Alberta will be in the range of 9700 watts × $2.51/Watts to 9700 × $2.77 /watts = 

$24,347 to $26,869. The study further noted that the actual price of the system depends on different 

factors including the quality of the equipment that is used, the size of the system and the complexity 

of the job. It was also noted that the installation prices can easily go higher than $3 per watt for high-quality 

installers and premium equipment. The above high investment cost for the installation of solar panels 

indicates that there is a need for adequate measures to improve the economic attractiveness of solar 

energy systems. Table 2 shows the parameters that were selected as base conditions for further analysis 

of how multiple variables can affect the economic attractiveness of solar energy systems. 

Table 1. Estimated cost (price quote) of installation of solar panels (2023). 

Customer Annual electricity 

consumption (kWh) 

Capacity of panel 

recommended by the solar 

contractor (kW) 

Estimated cost (by 

contractor) to get the 

customer set up with 

solar panels 

Residential Customer 1 5771 5.2 $16,000.00 

Residential Customer 2 8206 8 $23,000.00 

Residential Customer 3 10350 9.7 $25,500.00 

Residential Customer 4 13194 12 $30,000.00 

Residential Customer 5 10664.5 9.5 $25,000.00 

Table 2. Parameters for base conditions of the evaluation of economic attractiveness of 

solar energy systems under multiple criteria. 

Parameters Base conditions 

Quote from contractor (Residential customer # 2) $23,000.00 

Tax $1,150.00 

Government incentives for installing solar panels $- 

10% Downpayment $2,415.00 

Principal (loan amount) $21,735.00 

Amortization Period (years) 25 

Annual Nominal Interest rate 0.072 

Number of compounding periods 365 

3.1.3. Economic analysis of solar panels 

Multiple variables such as initial cost of investment, interest rates, subsidies, micro-generation 

capacity, electricity distribution fees and other associated costs can have an impact on the economic 

attractiveness of solar energy systems. Interest rate is the amount that a lender charges a borrower for 

the use of its asset. i.e., the amount the bank charges people when money is borrowed from the bank. 

The discount rate is the interest rate that the Federal Reserve Banks charge commercial banks and 

depository institutions for overnight loans. While the discount rate can be used to calculate the present 

value of future cash flows, the interest rate is not used in present value calculations [27]. Another work [28] 

reported that the prime rate will increase to 7.2% as the policy rate is increased to 5% by the Bank of 
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Canada. The economic analysis in this study is based on the assumption of a 5% discount rate from 

the central bank and a 7.2% interest rate from the commercial banks. The solar energy process 

economics described by an author [29] indicates that given a discount rate d, the present value or 

present worth, P (Eq. 2) of a future cash flow F, in n years from now is expressed as: 

𝑃 =
𝐹

(1 + 𝑑)𝑛
 (2) 

Given a yearly inflation rate 𝑖, and a purchase cost 𝐸 at the end of the first year, a future cost at 

the end of n years can be represented as illustrated in Eq 3:  

𝐹 = 𝐸(1 + 𝑖)𝑛−1 (3) 

Canadian inflation rate for 2022 is 6.8% [30]. Assuming an annual inflation rate of 6.8% for the 

distribution fees, and the administration fees, the expression in Eq 3 is used to forecast the future values 

of the administrative cost, the distribution fees and the microgeneration credit. Note that the inflation 

rate fluctuates over time. A similar expression by some authors [24] for the future cost. i.e., for a cost, 

𝐸 (that is incurred at the end of the first period) having an inflation rate 𝑖, the recurring cost 𝐹, at the 

end of the nth period can be represented as presented above. 

The work [24] noted that the total present worth of n future payment is represented as: 

𝐸 ⌈∑
(1 + 𝑖)𝑗−1

(1 + 𝑑)𝑗

𝑛

𝑗=1

⌉ (4) 

Where 𝑃𝑊𝐹(𝑛, 𝑖, 𝑑) is the present worth factor expressed as ⌈∑
(1+𝑖)𝑗−1

(1+𝑑)𝑗
𝑛
𝑗=1 ⌉ 

𝑤ℎ𝑒𝑛 𝑖 ≠ 𝑑, 𝑃𝑊𝐹(𝑛, 𝑖, 𝑑) = ⌈
1

𝑑 − 𝑖
(1 − (

1 + 𝑖

1 + 𝑑
)

𝑛

)⌉ 

𝑤ℎ𝑒𝑛 𝑖 = 𝑑, 𝑃𝑊𝐹(𝑛, 𝑖, 𝑑) =
𝑛

1 + 𝑖
 

Some other authors [31] gave various formulas for economic analysis. For example, the future 

value of a single payment 𝐹𝑢 was represented in Eq 5 as follows: 

𝐹𝑢 = 𝑃𝑟(1 + 𝑖)𝑛  (5) 

Where 𝐹𝑢 is the amount that will be paid back in future (at the end of n years) if the condition of the 

loan is such that an interest, 𝑖 is included at a compound rate, and 𝑃𝑟 is the principal. When payments 

are made at regular intervals, where 𝐴 (Eq. 7) is a uniform end of period payments that continue for 

period 𝑛, the uniform series of payment formula for the total equivalent amount 𝐹𝑢 at the end of 

period 𝑛 is expressed in Eq 6 as: 

𝐹𝑢 = 𝐴 [
(1 + 𝑖)𝑛 − 1

𝑖
] (6) 
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𝐴 =
𝑖 ∗  𝑃𝑟

1 − (1 + 𝑖)−𝑛
 (7) 

An explanation of mortgage interest calculation was provided in a previous work [32]. An explanation 

of effective interest rates was also provided in another work [33]. 

𝑖𝑒𝑓𝑓 = (1 +
𝑟𝑛𝑜𝑚

𝑁𝑐𝑜𝑚𝑝
 )

𝑁𝑐𝑜𝑚𝑝

− 1  (8) 

The effective interest rate (Eq 8) was used to calculate the monthly interest rates. This is related 

to the monthly interest rate as illustrated in Eq 9. 

Where 𝑟𝑛𝑜𝑚 is the nominal interest rate, 𝑁𝑐𝑜𝑚𝑝 is the number of compounding periods, 𝑖𝑒𝑓𝑓 

is the effective annual interest rate, and m is the number of months in the year. The periodic interest 

rate (monthly), 𝑖𝑚 was calculated using the formula below: 

𝑖𝑚 = ( √1 + 𝑖𝑒𝑓𝑓
𝑚

) − 1 (9) 

For the evaluation of monthly payments in this study, the periodic payment was calculated by 

substituting the monthly interest payment (Eq 9) as the interest in the uniform end-of-period 

payment (Eq 7). The amount contributed towards paying off the principal in every month is calculated 

by subtracting the interest accrued within that month from the monthly payments. The new balance 

owing is calculated by subtracting the amount that was contributed towards paying off the 

principal (including any extra payments made) from the balance owing at the end of the previous 

period. i.e., 

The new balance owing = Balance owing at the end of the previous period − the amount 

contributed towards the principal during the present period − extra payment made during the present period.  

At an interest of 7.2% and no government subsidy for solar panels, Table 3 shows the cost of the 

loan, the yearly interest, principal payment, remaining principal and the present worth of interest payment. 

Total interest on the principal (for 𝑧 number of periodic payments) is obtained by summation of 

the interest accrued in each period as shown below. For the illustration used, interest 𝑖 was assumed 

to be constant for the amortization period. 

Where 𝑃0 is the original principal loan amount, the total interest accrued from year 𝑥 =  1 to 

year 𝑥 =  𝑧 is the sum of the product of the remaining principal on the loan and the interest rate i. 

Total interest accrued = ∑ [(𝑃0 ∗ 𝑖1) + (𝑝1 ∗ 𝑖2) + (𝑃2 ∗ 𝑖3) + ⋯ … (𝑃𝑧−1 ∗ 𝑖𝑧)]𝑧
𝑥=1 . 

The expression 𝑃𝑧−1 represents the balance owing at the end of the preceding period. Note that 

there may be some differences in the results from economic analysis. For example, there may be some 

differences in the total amount that will be paid in interest and the monthly payment (depending on the 

assumptions and how it is calculated). This study recommends a review of how interest rates are 

calculated to ensure consistency and also to ensure that people are not overburdened by the impact of 

interest rates on loans. From Table 3, it is obvious that the total present worth of interest payment is 

significant at a 7.2% interest rate. 
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Table 3. Cost of loan for solar panels on consumers at an interest rate of 7.2%. 

S/No. Yearly 

payment 

Principal 

payment 

Interest payment Remaining 

principal 

Present worth of 

interest payment 

1 $1,880.34  $321.37  $1,558.97  $22,678.63  $1,484.73  

2 $1,880.34  $345.36  $1,534.98  $22,333.27  $1,392.27  

3 $1,880.34  $371.14  $1,509.20  $21,962.13  $1,303.70  

4 $1,880.34  $398.85  $1,481.50  $21,563.28  $1,218.83  

5 $1,880.34  $428.62  $1,451.72  $21,134.66  $1,137.46  

6 $1,880.34  $460.61  $1,419.73  $20,674.04  $1,059.42  

7 $1,880.34  $495.00  $1,385.34  $20,179.05  $984.54  

8 $1,880.34  $531.95  $1,348.39  $19,647.10  $912.65  

9 $1,880.34  $571.66  $1,308.68  $19,075.44  $843.59  

10 $1,880.34  $614.33  $1,266.01  $18,461.11  $777.22  

11 $1,880.34  $660.19  $1,220.15  $17,800.92  $713.40  

12 $1,880.34  $709.47  $1,170.87  $17,091.45  $651.99  

13 $1,880.34  $762.43  $1,117.91  $16,329.01  $592.85  

14 $1,880.34  $819.35  $1,061.00  $15,509.67  $535.88  

15 $1,880.34  $880.51  $999.84  $14,629.16  $480.94  

16 $1,880.34  $946.24  $934.11  $13,682.93  $427.93  

17 $1,880.34  $1,016.87  $863.47  $12,666.06  $376.73  

18 $1,880.34  $1,092.78  $787.57  $11,573.28  $327.25  

19 $1,880.34  $1,174.35  $705.99  $10,398.93  $279.39  

20 $1,880.34  $1,262.01  $618.33  $9,136.92  $233.04  

21 $1,880.34  $1,356.22  $524.12  $7,780.70  $188.13  

22 $1,880.34  $1,457.46  $422.88  $6,323.24  $144.56  

23 $1,880.34  $1,566.25  $314.09  $4,756.99  $102.26  

24 $1,880.34  $1,683.17  $197.17  $3,073.82  $61.14  

25 $1,880.34  $1,808.82  $71.53  $1,265.00  $21.12  

Total $47,008.57  $21,735.00  $25,273.57  

 

$16,251.01  

Table 1 shows that the electricity usage for the customer whose data is analyzed in Table 3 

is 8206 kWh. Previous works have noted that the amount of electricity that is produced from solar 

panels decreases with the years. Assuming the solar panel is able to generate this amount of electricity 

for a 25-year period (neglecting the depreciation in the efficiency with time), the amount of electricity 

from the solar panels will be 25 × 8206 kWh = 205,150 kWh. The total cost of the loan is 

$ 47,008.57 (including interest payment).  

𝑇ℎ𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑡𝑜 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 

=
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑎𝑛 𝑓𝑜𝑟 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑡𝑜 𝑏𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙
 

In the above situation,  

𝑇ℎ𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑡𝑜 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 =  
$47,008.57

205,150𝑘𝑊ℎ
= 0.229 $/𝑘𝑊ℎ 
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If desired, the total cost of the loan may also be calculated by adding the present worth of interest 

payment to the principal payment. The above illustration does not include the cost of 

distribution/transmission that the utility companies will charge to supply energy during the hours and 

months when the solar panel alone is not able to meet the electricity demand of the household. Canada 

Greener Homes Loan program by Natural Resources Canada [34] offers an interest-free loan (from $5,000 

to $40,000) for 10 years to help Canadians homes be more energy efficient. Hence, if the household 

meets the eligibility requirement, then the cost of the loan will be greatly reduced. 

If the above scenario is for a no-interest loan, the cost of electricity from solar panels will be  

𝑇ℎ𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑡𝑜 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 =
$21,735.00

205,150𝑘𝑊ℎ
= 0.106 $/𝑘𝑊ℎ 

Note that the solar panels may still generate electricity after a 25-year period, in that case, the cost 

per kWh of electricity that is generated from solar panels will be reduced (assuming there is no 

significant associated maintenance cost for the solar power system). Table 4 shows the average cost of 

electricity for the five residential customers. The most cost-effective system is the one that gives the 

lowest life-cycle cost or highest life-cycle savings [29]. Hence, when comparing the cost of electricity 

from solar panels with the cost of electricity from the community grid, in addition to the direct physical 

cost of owning the solar energy systems, further research is recommended on indirect cost savings 

such as reduction in health-related expenses as a result of the expected reduction in illnesses that are 

related to air pollution. 

Table 4. Average cost of electricity ($/kWh) for the residential customers. 

Customer Average cost of electricity ($/kWh), for a 1-year period (2022–2023) 

Customer 1 $0.07  

Customer 2 $0.17  

Customer 3 $0.08  

Customer 4 $0.07  

Customer 5 $0.07  

Note that the electricity bills that were used in the study were for the years 2022–2023. However, 

it appears the cost of electricity from the grid has increased in recent times. Continuous study on the 

economic attractiveness of renewable energy systems is recommended to ensure that renewable energy 

systems can be maintained at an attractive level to encourage its use as a tool to better manage 

non-renewable energy systems for present and future generations. 

3.2. Impact of varied interest rates on solar investment 

Interest rate is an important economic factor that has a tendency to have a high impact on the 

economic feasibility of solar energy systems for micro-electricity generation through rooftop PV 

systems. In terms of the monthly economic impacts on the customer, the total amount to be paid by 

the customer, and the number of years for cumulative solar savings to become positive, Table 5 and 

Figure 1 indicate how the economic feasibility of solar investment can be significantly affected by 

variations in interest rates. 
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Table 5. Impact of varied interest rates on the economic outlook for solar investments. 

Interest 

rate (%) 

Monthly 

payments on 

amortization 

period of 25 

years ($) 

Total amount to 

be paid by the 

customer for 

25-year 

amortization 

period ($) 

Total amount 

that goes 

towards interest 

payment ($) 

Principal 

loan amount 

($) 

Number of 

years for 

solar savings 

to become 

positive 

Number of years 

for cumulative 

solar savings to 

become positive. 

1 $81.92  $ 24,575.16  $2,840.16  $21,735.00  14 24 

2 $92.14  $27,642.54  $5,907.54  $21,735.00  16 26 

3 $103.11  $30,933.26  $9,198.26  $21,735.00  18 28 

4 $114.80  $34,440.84  $12,705.84  $21,735.00  19 29 

5 $127.19  $38,156.53  $16,421.53  $21,735.00  21 30 

6 $140.23  $42,069.60  $20,334.60  $21,735.00  22 32 

7 $153.89  $46,167.85  $24,432.85  $21,735.00  24 33 

7.2 $156.70  $47,008.57  $25,273.57  $21,735.00  24 33 

Table 5 shows that the total amount to be paid by the customer for a 25-year amortization period 

increases significantly with interest rates. At a 7.2% interest rate, the amount to be paid by the customer 

is more than doubled. Note that for the illustration in Table 5, the principal loan amount is $21,735.00. 

Figure 1 shows how the monthly payment is expected to increase with the increase in the interest rates. 

The increase in the monthly payment for a 25-year amortization period increased more than 90% when 

the interest rate is increased from 1% to 7.2%. 

 

Figure 1. Monthly payments with varied interest rates on an amortization period of 25 years on a 

principal loan amount of $21,735. 

Maintenance of zero interest or charging a low amount as administrative fees for renewable 

energy systems can help ensure that people in various communities will not feel much economic 

burden for investment in solar energy or other renewable energy systems as compared with a policy 

that allows renewable energy investments to be severely impacted by increased interest rates. Policy 

decisions that allow the effect of increased interest rates to impact the total cost of solar energy 

investments will constitute roadblocks to the attractiveness of solar energy systems. Hence, to improve 
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the economic attractiveness of rooftop solar harvesting, it is desirable to maintain policies that shield 

solar energy investments from the impact of increasing interest rates. High interest on loans means that 

the annual payment of the loans will increase if the number of years to repay the loans is fixed and the 

loan is on a variable-interest policy. With higher interest on loans with variable rate policies, consumers’ 

periodic payments will increase, meaning that people will have less money to afford essential 

commodities. Depending on individual salaries, the standard of living of people in the community may 

reduce when they are not able to afford essential things like good food for a balanced diet, good housing, 

adequate access to recreational facilities, funds for team sports, etc. 

For the low-income, an increase in interest rates that results in an increase in monthly payments 

may result in significant economic stress for the families. Sometimes, it is said that increasing interest 

rates is a measure to curtail inflation. However, it is important to have policies that ensure that 

increasing interest rates do not harm people in the community in general. There is a need to ensure that 

adequate attention is given to other factors that may affect the prices of goods and commodities. For 

example, the natural law of demand and supply indicates that when the supply is less than the demand, 

the price may increase. Hence, it is important to ensure a good balance for various aspects of the 

economy including housing, energy, transportation, etc. In terms of the laws of demand and supply, 

every government should ensure that measures to monitor the level of demand and supply for every 

essential commodity exist to avoid unnecessary increases in prices. In terms of human factors such as 

price gouging that may result in unnecessary increases in the prices of goods and services, there is a 

need for adequate regulations to ensure that the prices of goods and commodities are not increased 

unnecessarily. Further research is recommended on how hardship can be minimized for medium and 

low-income people in the community during periods of high interest rates. Further study is also 

recommended on how the laws of demand and supply and adequate government policies can be used 

to control inflation rather than excessive focus on interest rates as a means to control inflation. 

 

Figure 2. Impact of varied interest rates on total interest that is to be paid by the customer 

(principal loan amount 21,735, for 25 years). 
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Figure 2 also shows that the amount that will be paid as interest by the customer significantly 

increases as the interest rate rises from 1% to 7.2%. Although the present worth of the interest in 25 years 

at a rate of 5% discount rate is less than the total amount of interest to be paid by the customer in 25 

years, the total amount paid on interest is still a sizeable sum of money. Hence, it is important to ensure 

that increasing interest rates does not severely impact renewable energy investments. It is fine to allow 

some administrative fees. Sometimes, government intervention may be needed in different places if 

the local manufacturers are not able to produce goods and commodities that are essential for daily 

living in a community. For example, some communities may benefit from government intervention to 

provide capital for the establishment of companies that manufacture materials for renewable energy 

systems on a large scale. Some government policies have shown that targeted policies can be applied 

to shield people from the impact of high interest. An example is Canada’s Federal Greener Homes 

Loan Program which provides interest-free financing to help Canadians make their homes more 

energy-efficient and comfortable (up to $40,000) with a 10-year payback period [34]. Policies like this 

are expected to increase the economic attractiveness of renewable energy systems. 

3.3. Effect of increased microgeneration capacity as measured by increased revenue on the economic 

attractiveness of solar energy systems for homeowners 

Micro-generation capacity of solar energy from rooftops is the amount of electricity that each 

household is allowed to produce from solar panels on their rooftops. Table 6 shows an illustration of 

the effect of varied micro-generation capacity on the economic attractiveness of rooftop solar 

energy systems. 

Table 6. Impact of varied micro-generation capacity of electricity from solar energy on the 

economic outlook for solar investments while keeping the interest rate at 1%. 

Capacity for micro-generation of 

electricity from solar energy 

Interest rate 

(%) 

Number of years for solar 

savings to become positive 

Number of years for cumulative 

solar savings to become positive 

Micro-generation of electricity 

(from solar energy) limited to 

household needs 

1 14 24 

Two times increase in micro-

generation of electricity by 

household 

1 3 5 

Three times increase in micro-

generation of electricity by 

household 

1 1 1 

Table 6 above shows that increasing the microgeneration capacity of households increases the 

economic attractiveness of solar energy systems for households. At an interest rate of 1%, as the 

micro-electricity generation capacity increases (without increasing the electricity 

distribution/transmission fees and administrative fees), the number of years for the cumulative solar 

savings to become positive decreases rapidly. However, Figure 3 indicates that when the electricity 
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distribution fee is increased in the same proportion as the micro-generation capacity, the number of 

years for cumulative solar savings to become positive does not reduce at an attractive rate as it was 

when the electricity distribution fee is not increased. This shows that the economic attractiveness of 

solar energy investments can be significantly affected by the amount that is charged as 

distribution/transmission fees for electricity that flows between the homeowners and the electricity 

grid in the community. Some other researchers [35] also reported that better economic satisfaction can 

be achieved from larger solar rooftop system sizes. 

Irregular outlines and rooftop obstacles contribute to the challenge of manual PV packing [15]. 

This challenge can be mitigated by the adoption of rooftop solar systems that can be easily customized 

to various shapes and sizes without a reduction in their efficiency. A previous work [36] proposed an 

optimal planning strategy that can be used for municipal-scale distributed PV systems in high-density 

cities. One of the previous works that was cited mentioned the issue of uneven solar energy intensity 

distribution on an individual rooftop. Although this could be a concern, the variability of the intensity 

of solar energy at various points is a fact that should be accepted in planning for solar energy. To 

address the economic competitiveness in the production of solar PV system materials, training students 

in solar PV production and installation would be a beneficial addition to the educational curriculum at 

various levels of education (e.g., primary, secondary, colleges, etc.) in different parts of the globe. 

Further research on the reduction of the production and installation costs for solar PV systems will be 

commendable. Although accurate rooftop solar potential characterization is important, it is 

challenging [14]. A scholar [37] demonstrated how solar power that can be generated from rooftops 

will vary with various factors such as roof pitch/angle of tilt of the solar panels, azimuth, etc. 

 

Figure 3. Number of years for cumulative solar savings to become positive at a 1% interest 

rate (considering the impact of the increase in electricity distribution fees). 

Efforts to keep the distribution/transmission fees as low as possible will help increase the 

economic attractiveness of solar energy systems. Under the given illustration, when the micro-generation 
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capacity of the solar energy systems is doubled, and the distribution fees are increased by the same 

degree, the number of years for solar savings to become positive increases from 3 to 13 years while 

the time for the cumulative solar savings to become positive increased from 5 to 22 years. When 

distribution fees increase by the same degree by 3 times, the number of years for solar savings to 

become positive increased from 1 to 12 years while the number of years for the cumulative solar 

savings to become positive increased from 1 to 21 years. This also indicates that the amount that is 

charged for distribution fees can have a significant impact on the economic profitability of solar energy 

investments for homeowners. 

In Figure 4, while varying the capacity of micro-electricity generation from rooftops, the number 

of years for cumulative solar savings to become positive with varying interest rates (1%, 3%, 5%, and 7.2%) 

was evaluated (without increasing the electricity distribution fees). However, the effect of inflation 

was allowed on the cost of electricity distribution, administrative fees, and microgeneration credits. 

 

Figure 4. Comparison of the effect of the increase in micro-generation capacity of 

households on the time for cumulative solar savings to become positive while varying 

interest rates (without an increase in the transmission fees). 

On their website, an organization [38] noted that Alberta Utilities Commission Rule 024 states 

that annual generation of electricity by Micro generators (individual generators) is not permitted to 

exceed 100% of their annual consumption. Figure 4 indicates that the financial attractiveness of solar 

panels by households can be increased by increasing the allowable micro-electricity generation 

capacity. As in the previous illustration, the number of years for the cumulative solar savings to become 
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positive reduces with an increase in the micro-electricity generation capacity by the household. 

However, an increase in interest rate showed a significant impact on the financial attractiveness of 

investment in solar energy systems. i.e., As interest rates increase, the number of years for solar savings 

and the cumulative solar savings to become positive increases. This will yield a reduced economic 

attractiveness for solar energy investments. The impact of high interest rates is not desirable for solar 

energy investments. The effect of the increase in electricity microgeneration potential for households 

is measured by the increase in revenue. The quote that was given by the solar contractor was scaled up 

in the same magnitude that the revenue for the microgeneration of electricity was scaled up. Figures 5 

and 6 show some cases in which the roof areas of some buildings are under-utilized for solar power 

harvesting. These pictures were taken during a walk-through of some neighbourhoods in a city. 

 

Figure 5. Illustration of underutilized portions of rooftops that can be used for solar energy generation. 

Figures 5 and 6 show that there are opportunities to increase the amount of solar power generation 

from the rooftops of different households. When adequately applied (without allowing transmission 

fees to overshadow the economic benefits), solar panels can become more economically attractive to 

homeowners. With this, the world will be moving closer to the goal of sustainable management of 

non-renewable resources for present and future generations. The world will also benefit from improved 

air quality when electricity is generated from less polluting sources. In a study on the technical and 

economic study of PVT coverage on an integrated building-solar-heat pump system, some 

researchers [23] also reported that the result of a thermal dynamic software (TRNSYS) that was used 

to model the annual coverage of the photovoltaic/thermal module through solar fraction determination 

indicated that with an increase in photovoltaic/thermal area, there is a significant increase in solar 

electrical fraction. 
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Figure 6. Useable spaces on roof areas for solar energy generation. 

3.4. Effect of incentives on the economic attractiveness of solar energy systems for homeowners 

Table 7 shows a comparison of the effect of varied levels of incentives on the economic outlook 

for solar investments at a 1% interest rate. As the level (amount) of incentives increases, the total 

amount of interest that is paid by the customer reduces. This can generate an economic attractiveness 

for the installation of solar panels. However, previous results above showed that when renewable 

energy investments are not shielded from the negative impacts of increased interest rates, an increase 

in interest rates can have an adverse impact on the economic attractiveness of solar panels.  

Table 7. Effect of varied incentives on the economic outlook for solar investments at a 1% 

interest rate. 

Interest rate 

(%) 

Solar energy 

incentive ($) 

Total amount of interest to 

be paid by the customer 

Number of years for solar 

savings to become positive 

Number of years for 

cumulative solar savings to 

become positive. 

1 0 $2,840.16 14 24 

1 2000 $2,604.95 13 22 

1 4000 $2,369.74 11 19 

1 6000 $2,134.53 10 17 

Figure 7 also shows that the total amount of interest to be paid by the customer reduces with an 

increase in the incentives for solar installations. However, the increase in the tax overshadows the 

positive effect of the incentives. 
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Figure 7. Effect of solar incentives on the total amount of interest to be paid by consumers. 

 

Figure 8. Comparison of the number of years for solar savings to become positive at varied 

interest rates and different levels of incentives. 

Figure 8 indicates that the number of years for the solar savings to become positive reduces with 

the amount of incentives that are applied but this is overshadowed by the impact of increase in interest 

rates on solar energy systems. i.e., higher interest rates can reduce the expected effect of the incentive 

in the long term. Hence, it is important to ensure that adequate measures are taken to ensure that 

increased interest rates do not nullify the expected attractiveness of other incentives for solar panels.  
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Figure 9. Comparison of the number of years for cumulative solar savings to become 

positive at varied interest rates and different levels of incentives. 

Government subsidies are still needed for solar PV systems to be competitive with other forms of 

energy [5]. However, similar to the trend in Figure 8, Figure 9 also showed that increased interest rates 

overshadow the benefits of the specified incentives for solar panels. 

3.5. Evaluation of the impact of incentives, variations in interest rates, and micro-generation potential 

on the economic attractiveness of rooftop solar energy systems 

Among the three factors (interest rates, incentives, and increased micro-generation capacity) that 

were evaluated, Figure 10 indicated that increasing the amount of electricity that is allowed to be 

generated from rooftops will result in the highest economic attractiveness for end-users. This is also 

expected to move the world closer to the goal of sustainable management of non-renewable resources 

for present and future generations. 
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Figure 10. Comparison of the impact of incentives, interest rates, and capacity for micro-

generation policy on the economic attractiveness of rooftop solar energy systems. 

Given the above results, this study recommends the encouragement of policies that allow for a 

maximization of rooftop spaces for solar energy generation in residential and commercial buildings. 

With the aid of bi-directional meters, the amount of electricity that flows to and from the grid to each 

household can be measured. If desired, excess energy that is sold to the community grid may be 

counted as taxable income after the panels have exceeded the payback time on investments. However, 

such tax should be monitored and carefully designed in a way that does not significantly reduce the 

economic attractiveness of rooftop solar harvesting. 

4. Discussion 

4.1. Expected GHG emission savings from solar panels 

Various previous works have mentioned the environmental benefits of solar energy systems [39–47]. 

Some researchers [40] cited previous works that indicated that the GHG emissions of amorphous solar 

PV systems range from 15.6 to 50 gCO2/kWhe. The locations for the studies referenced for amorphous 

solar PV systems are China, the US, and the Netherlands. The GHG emissions for mono-crystalline 

solar PV systems range from 44 to 280 gCO2/kWhe. The locations for the studies referenced for 

monocrystalline solar PV systems are the UK, Netherlands, India, Japan, Singapore and the US. The 

GHG emissions for poly-crystalline solar PV systems range from 9.4 to 104 gCO2/kWhe. The locations 

for the studies referenced for polycrystalline solar PV systems are China, Italy, Japan, the US, and 
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Greece. Based on information on the life cycle energy components of mono-crystalline PV panels that 

was adopted from the literature and the final yield of monitored PV systems, another study [45] 

reported that the average GHG emission for PV systems is 49.33 gCO2 eq/kWh. The average GHG 

emission for PV systems that were mentioned in [45] was selected for the illustration below because 

that study was done in the same country as the data that is under evaluation in this study. 

4.1.1. Illustration of GHG emission reduction from a policy that supports an increase in micro-

generation capacity of electricity from households 

With an electricity use of 8,206 kWh for the year for customer 2, allowing the customer to increase 

the amount of electricity that is generated from photovoltaics on rooftops by 2 times what the 

household can use in a year will mean that the household can generate an additional 8,206 kWh extra 

electricity per year. If customer 2 is allowed to generate thrice the amount of electricity that the family 

can use on an annual basis, this means that the household can generate 16,412 kWh of electricity extra.  

Using the average GHG emissions for 0.59 kgCO2eq/kWh for a region for year 2020 to 

estimate the GHG emissions for electricity from the grid (as mentioned in previous works [48,49]) 

and 0.04933 KgCO2 eq/kWh as average GHG emissions from PV systems as mentioned in the study 

by [45], the annual GHG savings by increasing the amount of electricity to be generated from rooftop 

PV systems by 2-folds and 3folds in the illustration above will be as projected below. 

4.1.2. GHG emission savings for a 2-fold increase in micro-generation capacity by the household 

This is estimated by subtracting the expected GHG emissions per kWh of electricity from PV 

systems on a lifecycle basis from the GHG emission per kWh of electricity from the grid. i.e.,  

(0.59
𝑘𝑔𝐶𝑂2𝑒𝑞

𝑘𝑊ℎ
× 8206 𝑘𝑊ℎ) − (0.04933

𝐾𝑔𝐶𝑂2𝑒𝑞

𝑘𝑊ℎ
× 8206 𝑘𝑊ℎ) = 4841.54 𝑘𝑔𝐶𝑂2𝑒𝑞 −

404.80 𝑘𝑔𝐶𝑂2𝑒𝑞 = 4436.74 𝑘𝑔𝐶𝑂2𝑒𝑞 per annum (savings in GHG emission) at a 100% increase in 

the micro-generation capacity of the household. 

If this level of savings of GHG emissions is maintained for 25 years, this is expected to result in 

25 × 4,436.74 = 110,918.45 𝑘𝑔𝐶𝑂2𝑒𝑞 savings in GHG emissions for a 25-year period for which 

some PV systems may be under warranty. 

4.1.3. GHG emission savings for a 3-fold increase in micro-generation capacity by the household 

Similar to the method described above, a 3-fold increase in micro-generation from the household 

means that an additional 16,412 kWh of electricity can be generated by the household. 

(0.59
𝑘𝑔𝐶𝑂2𝑒𝑞

𝑘𝑊ℎ
× 16,412 𝑘𝑊ℎ) − (0.04933

𝐾𝑔𝐶𝑂2𝑒𝑞

𝑘𝑊ℎ
× 16,412 𝑘𝑊ℎ) = 9683.08 𝑘𝑔𝐶𝑂2𝑒𝑞 −

809.60 𝑘𝑔𝐶𝑂2𝑒𝑞 = 8873.48 𝑘𝑔𝐶𝑂2𝑒𝑞 savings in GHG emission for the year at a 3-fold increase in 

the micro-generation capacity of the household.  

If this level of savings of GHG emissions is maintained for 25 years, this is expected to result in 

25 × 8873.48 = 224837 𝑘𝑔𝐶𝑂2𝑒𝑞 savings in GHG emissions for a 25-year period for which some 

PV systems may be under warranty. 
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Note that these projected savings in GHG emissions may be reduced as technological innovations 

to improve the emissions from the electricity grid are implemented. The GHG emissions coefficient 

from the grid above is for illustration purposes only. The GHG emission coefficient presented above 

is for the year 2020 while the electricity usage that is evaluated is between the years 2022 to 2023. 

Policy upgrades to allow for a maximization of the amount of solar energy that each household 

can harvest from the electricity grid will not only help create economic attractiveness for solar energy 

systems for individual households and industries, it will also help in the effort to reduce the concern 

about GHG emissions. In addition, it can be a means to boost the economic well-being of people in 

various communities. With the increase in the micro-generation capacity of electricity by households 

comes a question of how the excess electricity that is generated can be used.  

4.1.3.1 How can excess solar energy that is generated by households be used? 

Excess solar energy can be shared with other people in the community either through a direct sale 

to the energy utility companies or through community energy-sharing programs that may come in 

different categories. The community share solar system is a system in which the solar energy that is 

generated in a community can be shared by members of that community. Although the community 

share solar system has reached its maturity, lack of attention to the socio-political aspect and especially 

the institutional and regulatory aspects are barriers to the emergence of the community solar system 

and its potential position as a leading energy system [4]. Excess energy that is produced may also be 

stored for use at later times or exported to other communities that may need it. The illustrations 

provided in this study indicated that there is room for improvement in the amount of solar energy that 

is allowed to be harvested from rooftops in different places. Incentives have the potential to create 

economic attractiveness for people to install solar energy systems. However, an increase in the amount 

of solar energy that can be harvested from rooftops will generate more economic attractiveness for 

solar energy and at the same time help in moving the world closer to the goal of reducing GHG 

emissions in various communities. This study recommends further exploration of means to harvest 

renewable energy resources to allow for sustainable management of non-renewable energy resources 

for present and future generations. 

5. Conclusions 

This study reviews the economic attractiveness of solar energy systems with multiple variables. 

The impact of varied amount of interest rates, micro-generation capacity for electricity produced from 

PV panels, and incentives were evaluated. The result of the study showed that harvesting solar energy 

from rooftops can be economically feasible. However, there is a need to focus attention on the variables 

that can increase the economic attractiveness of solar energy while ensuring that adequate strategies 

are in place to ensure that factors that can reduce the economic attractiveness of renewable energy 

systems are duly mitigated. Among other things, the study found that: 

(1) An increase in the micro-generation capacity of households (without increasing the 

transmission and distribution fees) generated the highest economic attractiveness for solar energy systems. 

(2) Comparative increase in the electricity distribution fees reduces the economic attractiveness 

that is expected from an increase in the micro-generation capacity from individual rooftops. Hence, it 

is recommended that adequate policies should be made to ensure that the expected economic 
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attractiveness from an increase in the microgeneration capacity from individual buildings is not 

overshadowed by an increase in the electricity transmission fees.  

(3) Although government subsidies and measures to reduce the negative impact of high interest 

rates can be a means to increase the economic attractiveness of solar energy systems, increasing the 

micro-generation capacity without increasing the electricity transmission fees shows the highest 

positive effect on the economic attractiveness of solar energy systems. 

This study also recommends that policy updates to encourage the increase in micro-generation 

capacity of electricity from rooftops of individual households and industries be given a higher 

consideration to improve the economic attractiveness of solar PV systems while creating better paths 

to manage non-renewable energy resources for present and future generations. It is recommended that 

increased micro-electricity generation be accompanied by adequate community sharing programs and 

proper system planning and integration to ensure that the entire community has reliable backup during 

periods when electricity supply from solar energy systems is low. The practical implication of these 

recommendations for policymakers and the global community is that maximizing solar PV energy 

systems will move the world closer to the goal of sustainable management of non-renewable 

energy resources while reducing GHG emissions in the global community.  

When the goal is to achieve a significant reduction in GHG emissions, associated policies should 

support the maximization of opportunities to reduce GHG emissions. This includes policy updates to 

remove roadblocks for the maximization of the available roof area of the building for the generation 

of solar power (for property owners that maximize their roof space for solar energy harvesting). 

Allowing the excess energy that is generated from microgrids to contribute to the electricity from the 

grid means that the overall GHG emissions from electricity in the community can be significantly 

reduced when a significant number of people maximize the solar power generation potential from their 

rooftops. In the effort to increase the use of renewable energy to supplement ‘non-renewable’ energy 

resources, there is a need for policy updates in different places to increase the attractiveness of PV 

systems. This includes a careful design of policies that reduce the payback time for solar energy 

systems for residential and commercial buildings. The findings of this study can be helpful for such 

strategy development to increase the economic attractiveness of rooftop solar energy harvesting. 

Efforts to reduce the total cost (material and labor) to have a PV system will go a long way to reduce 

the payback time while creating more basis for attractiveness for solar energy systems. When a 

customer notifies the utility company of the intent to maximize the roof space with solar generation 

potential, this customer becomes a partner in the effort to reduce the greenhouse gas emissions from 

the electricity grid. The utility company may adjust the amount of power that is produced and supplied 

to the grid from the utility company accordingly. This study recommends that property owners who 

maximize their rooftop spaces for solar harvesting should not be denied the opportunity to connect to 

the community grid. Rather efficient sharing of such renewable energy harvested to other members of 

the community should be encouraged. 

Adequate efforts to ensure that the material production cost, purchase, and installation costs for 

solar energy systems are maintained at a reasonable level are recommended. The impact of increased 

interest rates overshadows the economic attractiveness of incentives at the incentive levels that were 

evaluated. Hence, this study also recommends that adequate measures to shield renewable energy 

systems from the impact of high interest rates be given higher consideration (in places where it is not 

already a norm) to increase the economic attractiveness of renewable energy systems.  
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5.1. Further research directions 

(1) Continuous study on the economic feasibility of renewable energy systems is recommended 

to ensure that high economic factors such as high interest rates, utility distribution fees, bottlenecks 

from local policies, etc. do not constitute a hindrance to a reasonable adoption of renewable energy systems.  

(2) Further studies on how to reduce the ownership cost of solar energy systems is also recommended. 

(3) Further studies on increased awareness of the benefits of rooftop PV systems and how to 

increase PV production capacity within various communities globally is recommended. 

(4) In the effort to develop more economically friendly solar PV systems, pilot studies on the 

benefits of inclusion of training on PV system production and installation in primary, secondary and 

college educational programs are recommended. 

(5) Further study is recommended on best measures to ensure that varying weather conditions do 

not have significant negative impacts on the degradation rates of solar panels.  

(6) Further study on the minimization of maintenance costs of solar PV systems while extending 

their lifespan is recommended.  

5.2. Study limitations 

Changes in different variables in economic analysis can result in a change in the result. For 

example, a change in the cost of solar energy systems will affect the time that it will take the solar 

savings to become positive. However, the methods that were described in this study can be used to 

evaluate the impact of multiple variables on the economic outlook of solar investments. If solar power 

will be more attractive to end-users, it is recommended that adequate attention be paid to the reduction 

of the cost of purchase and installation of solar energy systems. Reduction in investment cost for solar 

energy systems is expected to result in a reduction in the payback time for consumers. 

Use of AI tools declaration 

The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article. 

Conflict of interest 

The author declares no conflict of interest. 

Author contributions 

The project conception, design, data acquisition, analysis, evaluation and discussion of the results 

was performed by the Author (Adekunle Mofolasayo). 

Funding statement 

This study did not receive any external funding that was specifically assigned to it. 

 



85 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

References 

1. Jahangiri M, Soulouknga MH, Bardei FK, et al. (2019) Techno-econo-environmental optimal 

operation of grid-wind-solar electricity generation with hydrogen storage system for domestic 

scale, case study in Chad. Int J Hydrog Energy 44: 28613–28628. 

https://doi.org/10.1016/j.ijhydene.2019.09.130 

2. Kumar CMS, Sigh S, Gupta MK, et al. (2023) Solar energy: A promising renewable source for 

meeting energy demand in Indian agriculture applications. Sustain Energy Technol 55: 102905. 

https://doi.org/10.1016/j.seta.2022.102905 

3. Zhang Y, Ren J, Pu Y, et al. (2019) Solar energy potential assessment: A framework to integrate 

geographic, technological, and economic indices for a potential analysis. Renew Energ 149: 577–586. 

https://doi.org/10.1016/j.renene.2019.12.071 

4. Narjabadifam N, Fouladvand J, Gul M (2023) Critical review on community-shared solar—

advantages, challenges, and future directions. Energies 16: 3412. 

https://doi.org/10.3390/en16083412 

5. Chaianong A, Pharina C (2015) Outlook and challenges for promoting solar photovoltaic rooftops 

in Thailand. Renew Sust Energ Rev 48: 356–372. https://doi.org/10.1016/j.rser.2015.04.042 

6. Tan L, Ji X, Li M, et al. (2014) The experimental study of a two-stage photovoltaic thermal system 

based on solar trough concentration. Energy Convers Manag 86: 410–417. 

https://doi.org/10.1016/j.enconman.2014.05.029 

7. Luo W, Khoo YS, Hacke P, et al. (2017) Potential-induced degradation in photovoltaic modules: 

A critical review. Energy Environ Sci 10: 43. https://doi.org/10.1039/C6EE02271E 

8. Olczak P (2023) Evaluation of degradation energy productivity of photovoltaic installations in 

long-term case study. Appl Energy 343: 121109. https://doi.org/10.1016/j.apenergy.2023.121109 

9. Bodis K, Kougias I, Jager-Waldau A, et al. (2019) A high-resolution geospatial assessment of the 

rooftop solar photovoltaic potential in the European Union. Renew Sust Energ Rev 114: 109309. 

https://doi.org/10.1016/j.rser.2019.109309 

10. Aljafari B, Alqaed S, Mustafa J, et al. (2023) Energy-Economic-Environmental (3E) modeling of 

a near-zero energy community using the solar-power system: A case study of Najran city. J Taiwan 

Inst Chem Eng 148: 104685. https://doi.org/10.1016/j.jtice.2023.104685 

11. Atasoy AT, Schmitz H, Madlener R (2021) Mechanisms for rebound effects and solar electricity 

prosuming in Germany. SSRN https://doi.org/10.2139/ssrn.4706396 

12. Fang H, Li J, Song W (2018) Sustainable site selection for photovoltaic power plant: An integrated 

approach based on prospect theory. Energ Convers Manage 174: 755–768. 

https://doi.org/10.1016/j.enconman.2018.08.092 

13. Grimm M, Lenz L, Peters J, et al. (2020) Demand for off-grid solar electricity: Experimental 

evidence from Rwanda. J Assoc Environ Resour Econ 7: 417–454. https://doi.org/10.1086/707384 

14. Ren H, Xu C, Ma Z, et al. (2021) A novel 3D-geographic information system and deep learning 

integrated approach for high-accuracy building rooftop solar energy potential characterization of 

high-density cities. Appl Energy Part A 306: 117985. 

https://doi.org/10.1016/j.apenergy.2021.117985 

15. Ren H, Sun Y, Tse CFN, et al. (2023) Optimal packing and planning for large-scale distributed 

rooftop photovoltaic systems under complex shading effects and rooftop availabilities. Energy 

274: 127280. https://doi.org/10.1016/j.energy.2023.127280 



86 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

16. Goel M (2016) Solar rooftop in India: Policies, challenges and outlook. Green Energy Environ 1: 

129–137. https://doi.org/10.1016/j.gee.2016.08.003 

17. Zheng N, Zhang H, Duan L, et al. (2023) Techno-economic analysis of a novel solar-driven 

PEMEC-SOFC-based multi-generation system coupled parabolic trough photovoltaic thermal 

collector and thermal energy storage. Appl Energy 331: 120400. 

https://doi.org/10.1016/j.apenergy.2022.120400 

18. Ghose D, Pradhan S, Tamuli P, et al. (2023) Optimal material for solar electric vehicle application 

using an integrated Fuzzy-COPRAS model. Energ Source Part A 45: 3859–3878. 

https://doi.org/10.1080/15567036.2019.1668879 

19. Ren H, Ma Z, Fong AML, et al. (2022) Optimal deployment of distributed rooftop photovoltaic 

systems and batteries for achieving net-zero energy of electric bus transportation in high-density 

cities. Appl Energy 319: 119274. https://doi.org/10.1016/j.apenergy.2022.119274 

20. Kim HJ, Hu J, Kim SM, et al. (2022) A new GIS-based algorithm to estimate photovoltaic 

potential of solar train: Case study in Gyeongbu line, Korea. Renew Energy 190: 713–729. 

https://doi.org/10.1016/j.renene.2022.03.130 

21. Rooij RV, Dutch Solar Bike Path Solar Road Successful and Expanding. 2017. Available from 

https://cleantechnica.com/2017/03/12/dutch-solar-bike-path-solaroad-successful-expanding/. 

22. Singh G, What Are the Disadvantages of Solar Energy? A Full Breakdown. 2024. Available from: 

https://blog.feniceenergy.com/what-are-the-disadvantages-of-solar-energy-a-full-breakdown/#:~: 

text=Solar%20panels%20need%20sunlight%20to%20work%20well%2C%20so,cloudy%20day

s%2C%20are%20expensive%20and%20need%20regular%20upkeep. 

23. Bisengimana E, Zhou J, Binama M, et al. (2023) Numerical investigation of PVT coverage on an 

integrated building-solar-heat pump system: Technical and economic study. Sol Energy 249: 507–520. 

https://doi.org/10.1016/j.solener.2022.12.005 

24. Duffie JA, Beckman WA (2013) Solar Engineering of Thermal Processes, 4 Eds., Hoboken: Wiley. 

25. Urban R, Solar Power Alberta (2021 Guide). 2021. Available from: 

https://www.energyhub.org/alberta/#rebates-tax-breaks. 

26. Urban R, Solar Energy Maps Canada (Every Province). 2021. Available from: 

https://www.energyhub.org/solar-energy-maps-canada/. 

27. Thakur M, Discount Rate Versus Interest Rate. 2023. Available from: 

https://www.educba.com/discount-rate-vs-interest-rate/. 

28. Bayat H, The Prime Rate Will Rise to 7.2% As the Bank of Canada Increases the Policy Rate to 

5%. 2023. Available from: https://wowa.ca/banks/prime-rates-canada. 

29. Hseih JS (1986) Solar Energy Engineering, Amsterdam: Elsevier. 

30. RI, Canadian Inflation Rates: 1990 to 2023. 2023. Available from: 

https://www.rateinflation.com/inflation-rate/canada-historical-inflation-rate/#:~:text=Historical 

%20inflation%20rates%20for%20Canada%20%20%20,%20%200.7%25%20%2025%20more%

20rows%20. 

31. Peurifoy RL, Schexnayder CJ, Schmitt RL, et al. (2018) Construction Planning Equipment, and 

Methods. 9 Eds., New York: McGraw-Hill. 

32. Marshal A, A Guide to Mortgage Interest Calculations in Canada. Available from: 

http://www.yorku.ca/amarshal/mortgage.htm. 

 

 



87 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

33. Elias G, Nominal Vs. Effective Rates. Available from: 

https://www.csun.edu/~ghe59995/docs/Interpreting%20Nominal%20&%20Effective%20Interes

t%20Rates.pdf. 

34. Natural Resources Canada, Canada Greener Homes Loan. 2023. Available from: https://natural-

resources.canada.ca/energy-efficiency/homes/canada-greener-homes-initiative/canada-greener-

homes-loan/24286. 

35. Yoomak S, Patcharoen T, Ngaopitakkul A (2019) Performance and economic evaluation of solar 

rooftop systems in different regions of Thailand. Sustainability 11: 6647. 

https://doi.org/10.3390/su11236647 

36. Ren H, Ma Z, Chan AB, et al. (2023) Optimal planning of municipal-scale distributed rooftop 

photovoltaic systems with maximized solar energy generation under constraints in high-density 

cities. Energy Part A 263: 125686. https://doi.org/10.1016/j.energy.2022.125686 

37. Mofolasayo A (2024) Evaluating the potential of using solar energy in commercial and residential 

buildings. SSRN 4599960. https://www.elivabooks.com/en/book/book-191780 

38. EPCOR, Solar Panel and Solar Power for Home and Business. 2023. Available from: 

https://www.epcor.com/products-services/power/micro-generation/Pages/solar-power.aspx?gad= 

1&gclid=EAIaIQobChMIwrWxp5e-_wIVdiqtBh2cVAglEAAYASAAEgJ6h_D_BwE. 

39. Kannan R, Leong KC, Osman R, et al. (2006) Life cycle assessment study of solar PV systems: 

An example of a 2.7 kWp distributed solar PV system in Singapore. Sol Energy 80: 555–563. 

https://doi.org/10.1016/j.solener.2005.04.008 

40. Sherwani AF, Usmani JA (2010) Life cycle assessment of solar PV based electricity generation 

systems: A review. Renew Sust Energ Rev 14: 540–544. https://doi.org/10.1016/j.rser.2009.08.003 

41. Peng J, Lu L, Yang H (2013) Review on life cycle assessment of energy payback and greenhouse 

gas emission of solar photovoltaic systems. Renew Sust Energ Rev 19: 255–274. 

https://doi.org/10.1016/j.rser.2012.11.035 

42. Kimura K, Kudo Y, Sato A (2016) Techno-economic analysis of solar hybrid vehicles part 1: 

Analysis of solar hybrid vehicle potential considering well-to-wheel GHG emissions. SAE 

Technical Papers 1287. https://doi.org/10.4271/2016-01-1287 

43. Li M, Zhang X, Li G, et al. (2016) A feasibility study of microgrids for reducing energy use and 

GHG emissions in an industrial application. Appl Energy 176: 138–148. 

https://doi.org/10.1016/j.apenergy.2016.05.070 

44. Marchi M, Niccolucci V, Pulselli RM, et al. (2018) Environmental policies for GHG emissions 

reduction and energy transition in the medieval historic centre of Siena (Italy): The role of solar 

energy. J Clean Prod 185: 829–840. https://doi.org/10.1016/j.jclepro.2018.03.068 

45. Awad H (2018) Integrating solar PV systems into residential buildings in cold-climate regions: 

The impact of energy-efficient homes on shaping the future smart grid. University of Alberta. 

https://doi.org/10.7939/R3BK17567 

46. Kaya O, Klepacka AM, Florkowski WJ (2019) Achieving renewable energy, climate, and air 

quality policy goals: Rural residential investment in solar panel. J Environ Manage 248: 109309. 

https://doi.org/10.1016/j.jenvman.2019.109309 

47. Farangi M, Soleimani EA, Zahedifar M, et al. (2020) The environmental and economic analysis 

of grid-connected photovoltaic power systems with silicon solar panels, in accord with the new 

energy policy in Iran. Energy 202: 117771. https://doi.org/10.1016/j.energy.2020.117771 



88 

Clean Technologies and Recycling  Volume 4, Issue 1, 61–88. 

48. Canada Energy Regulator, Provincial and Territorial Energy Profiles—Alberta. 2023. Available 

from: https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-

profiles/provincial-territorial-energy-profiles-alberta.html#:~:text=Alberta's%20electricity%20 

sector%20produces%20more,GHG%20emissions%20from%20power%20generation. 

49. Mofolasayo A (2023) Assessing and managing the direct and indirect emissions from electric and 

fossil-powered vehicles. Sustainability 15: 1138. https://doi.org/10.3390/su15021138 

© 2024 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0) 


