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Summary of rooftop solar analysis 

Location: Padova, Italy     Date of analysis: May/2024 

Recommendation: install 12 solar panels (23.4 m2), for a net present value of 7070 euros, with a 

payback of 13.39 years.  

Main economic results 

(All rows are for the same number of panels) 

Additional results  

A system of 13 panels, together with a battery of 4.6 kWh, requires an initial investment of 13135€, 

but provides an NPV of 8072 euros, with a payback of 13.09 years.  

Main inputs and assumptions 

Government subsidies   

Government subsidies for photovoltaic panels include a deduction of 50% of the costs for the installation 

of the panels, up to a maximum of 96,000 EUR. This amount will be redistributed over 10 years in 10 equal 

installments. 

Financing NPV  

(EUR) 

Payback 

(years) 

IRR 

(%/year) 

LCOE 

(EUR/kWh) 

Gov. subsidies and 75% bank debt 

  PV System w/o Battery 

 

  PV System w/ Battery (4.6 kWh capacity) 

 

 

7070 

 

7262 

 

 

13.39 

 

13.09 

 

9.44% 

 

8.88% 

 

0.069                       

 

0.084 

 

Gov. subsidies and 100% equity 8072 11.82 9.44% 0.064 

     

No gov. subsidies and 100% equity 6658 14.04 7.71% 0.075 

     

Household and Economics     
Electricity Consumption 3970 kWh/year  Inflation 2.0% per year 

Electricity price – buy 0.2724 EUR/kWh  Bank loan interest rate 7.6% per year 

Electricity price – sell 0.061 EUR/kWh  Bank loan maturity 5 years 

    Equity cost of capital 2.74% per year 

       

PV panels       

Peak power 430 W/panel  System losses 14% of output 

Panel area 1.95 m2/panel  Degradation with age 0.5% Per year 

Useful life 25 Years  Maintenance costs 15 EUR/ panel 

       

Total cost of optimal installation size (without subsidies) 9360 EUR 

Total cost of optimal installation size (after subsidies) 5160 EUR 
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1. Introduction 

In recent years, the transition towards renewable energy sources has become imperative for 

environmental sustainability and energy independence. Solar energy, in particular, has emerged as 

a cornerstone of this transformation. This thesis presents a comprehensive economic analysis of 

rooftop solar installations, assessing their viability within the context of a residential setting in 

Padova, Italy. The urgency of the subject is highlighted by the ongoing global energy crisis and 

the need to mitigate the impact of climate change. With this backdrop, the study provides crucial 

insights into the economic incentives and outcomes of adopting photovoltaic (PV) systems for 

households. 

The analysis is rooted in an effective data collection and evaluation of numerous variables, 

including household electricity consumption, solar irradiation, PV panel efficiency, government 

subsidies, and the changing landscape of electricity prices. The central objective is to determine 

the optimal size of a PV installation that maximizes the financial return through metrics such as 

Net Present Value (NPV), Internal Rate of Return (IRR), and the Levelized Cost of Energy 

(LCOE). 

The main result from this work indicates that there is a quantifiable economic benefit to household 

rooftop solar installations. Moreover the reader will discern that, despite fluctuations in energy 

prices and market volatility, solar installations remain a resilient and worthwhile investment. 

While the thesis offers robust recommendations based on current conditions, it also gives a broader 

overview considering the sensitivity of changes in the energy sector or individual consumer 

behaviour . 



 

5 

 

 

2. Data and Assumptions 

In this section, we will conduct a detailed analysis of the various inputs provided to our model, 

aiming to fully understand the origins and the reasoning behind each of them. The inputs include 

detailed hourly data regarding consumption profiles and solar irradiation collected over an entire 

year. Additionally, we consider energy prices, which encompass both the revenue from selling 

excess production and the costs associated with purchasing energy. Economic variables such as 

inflation rates and interest rates are also integral to our analysis. Finally, we examine the cost 

functions associated with the installation of domestic photovoltaic (PV) systems, both with and 

without energy storage options. This comprehensive review will help us to better assess the 

viability and financial implications of renewable energy investments in residential settings. 

 

2.1 Load Profile 

The process of establishing a consumption curve that accurately reflects real-world conditions 

involved a meticulous and structured approach, executed in two distinct phases to ensure the 

highest level of reliability.  

The first phase entailed defining an hourly percentage distribution for each hour of the day across 

all days of the year. This was crucial for mapping out the temporal dynamics of energy usage, 

which varies significantly at different times and seasons. By systematically breaking down the 

year into hourly increments, we were able to capture a granular and precise portrayal of 

consumption patterns, facilitating an understanding of peak and off-peak usage periods. 
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In the second phase, the focus shifted to estimating a nominal annual consumption figure. This 

nominal figure served as a baseline onto which the previously determined hourly percentages could 

be applied. The aim here was to translate these percentages into actual consumption figures by 

multiplying them by the nominal annual consumption. This method provides a more dynamic and 

adaptable model of energy consumption, capable of reflecting variations in both time and intensity 

of use throughout the year. 

For the detailed estimation of relative consumptions, we relied on the comprehensive data provided 

by the ARERA website1, the Regulatory Authority for Energy, Networks, and Environment. As 

an independent administrative authority of the Italian Republic, ARERA's role is pivotal in 

promoting competitive market developments. The authority's detailed consumption analysis for 

domestic customers is categorically divided by various demographic and geographic parameters 

such as region, province, power class, market type, and the customer's residence. Leveraging this 

rich dataset enabled us to extrapolate hourly consumption data relative to the total annual 

consumption for each hour of every day over the course of the year. 

In assessing actual annual consumption, we analyzed utility bills from multiple residential units, 

paying special attention to the characteristics that significantly influence energy consumption. 

These characteristics included the size of the housing unit, the number of occupants, and the types 

and efficiencies of systems used for heating water, cooking, and air conditioning. By integrating 

these real-life factors into our analysis, we were able to adjust the theoretical model to better align 

with observed energy consumption behaviors, thereby enhancing the accuracy of our consumption 

curve. 

 
1 Data can be found at this link 

https://www.arera.it/dati-e-statistiche/dettaglio/analisi-dei-consumi-dei-clienti-domestici
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The typical daily load profile, as depicted in Figure 1, illustrates the pattern of electricity 

consumption within a household. Consumption hits its lowest point during the night, hovering at 

minimal levels as the household rests. As the morning progresses and the residents wake up, there's 

a noticeable uptick in energy usage. The profile then enters a period of relative stability from 10 

AM to 6 PM, averaging around 0.55 kWh, likely corresponding to the time many families are away 

from home. Activity picks up again in the evening, peaking between 8 and 9 PM with consumption 

reaching 0.9 kWh per hour as families engage in domestic activities and leisure before gradually 

tapering off towards the night, eventually halving as the household settles back into the night-time. 

 

2.2 Radiation 

Regarding solar irradiance and the potential energy generated by PV systems, we utilized data 

provided by the European Joint Research Center. The solar radiation data given by PVGIS, a 

powerful solar radiation calculation program developed by the European community, includes 

hourly values over several years, derived from satellite and reanalysis data. This software also 
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Figure 1: Average hourly Padova’s household consumption in kWh 
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calculates the energy generated by a photovoltaic system based on various parameters such as the 

type of mounting, the slope and azimuth, the power, and the technology of the panels. Moreover, 

the software accounts for system losses, which are considered at 14%2.  

The data provided extends up to the year 2020, thus we have considered the average of the last 

eight years, from 2013 to 2020, for this analysis. This temporal scope allows for a comprehensive 

understanding of recent trends and variability in solar radiation, facilitating a robust assessment of 

potential PV system performance. By integrating these detailed solar irradiance datasets with 

system-specific parameters and loss assumptions, the software provides an accurate estimation of 

the energy output, which is crucial for planning and optimizing PV installations.  

 

2.3 Electricity Prices  

When considering energy prices, it is essential to analyze both the purchase price for private 

citizens and the price at which surplus energy is sold. The surplus refers to the excess energy that 

is not consumed domestically but is generated by solar panels. This dual perspective on pricing 

helps understand the dynamics of energy cost from both consumption and production standpoints. 

2.3.1 Electricity cost  

In terms of energy purchase price, the benchmark3 price provided by ARERA (Regulatory 

Authority for Energy, Networks, and Environment), an independent administrative authority of 

the Italian Republic, has been taken into account.  

 
2 This percentage reflects both the degradation of the panels over time and the loss of efficiency. 
3 the benchmark is issued quarterly 
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ARERA is stating that from January 1, 2024, the reference price for electricity for the typical 

customer will be 0.2524 euro per kilowatt-hour, taxes included. This price is broken down as 

follows: 

Cost of energy material: 

• 12.21 euro cents (48.4% of the total bill) for energy procurement costs, a reduction of 

22.7% compared to the fourth quarter of 2023; 

• 2.16 euro cents (8.6% of the total bill) for retail marketing, unchanged from the fourth 

quarter of 2023. 

Cost for transportation and meter management: 

• 4.53 euro cents (17.9% of the total bill) for distribution services, measurement, transport, 

transmission and distribution balancing, and quality; an increase of 13.5% compared to the 

fourth quarter of 2023. 

System charge costs: 

• 3.24 euro cents (12.8% of the total bill) for system charge expenses, an increase of 9.2% 

compared to the fourth quarter of 2023. 

Taxes: 

• 3.10 euro cents (12.3% of the total bill) for taxes, which include VAT and excise taxes. 

This detailed breakdown provides an understanding of the various components that contribute to 

the total cost of electricity for consumers, reflecting changes in pricing from previous periods and 

the different charges applied to the electricity bill. 
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In addition to this base price there is a markup applied by Italian energy companies, such as Enel 

or Edison, which is approximately 0.02 euro per kilowatt-hour. This markup increases the final 

price for the consumer to 0.2724 euros per kilowatt-hour. This additional cost reflects the 

operational and administrative expenses incurred by energy providers in delivering electricity to 

consumers, as well as their profit margins. 

 

2.3.2 Electricity selling price 

Regarding the price of the energy sold, we have taken into account the two methods of withdrawal 

currently available in Italy: "Ritiro Dedicato" (Dedicated Withdrawal) and "Scambio sul Posto" 

(Net Metering). Since the net metering incentive is set to end at the close of 2024 and will no 

longer be applicable to new photovoltaic systems, we have considered the Dedicated withdrawal  

method which offers an alternative route for selling electricity for producers of renewable energy 

who operate facilities under 10 MW in capacity. Unlike traditional bilateral contracts or trading 

on the power exchange, this method involves feeding all the energy produced by the plant directly 

into the grid. The Gestore Servizi Energetici (GSE) then withdraws this energy, compensating the 

producer at a rate per kWh. This rate is assured to be no less than the minimum price levels 

established annually by the GSE which for 2024 are set at €0.044/kWh for a total energy sold up 

to 1500 MWh. This arrangement provides renewable energy producers with a dependable and 

equitable return, shielding them from the fluctuations of the market and fostering further 

investment in sustainable energy technologies.  

Beyond the secured minimum price framework, the GSE enables the trading of energy at a 

dynamic rate, mirroring the fluctuations and patterns of the market prices. This dynamic pricing is 

sophisticated, as it is segmented according to distinct market zones. These zones are classifications 
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based on the geographic location of the photovoltaic installations, with each zone featuring unique 

pricing influenced by local supply and demand dynamics. Specifically, our  project is situated 

within the "Nord" market zone, which has its own set of pricing considerations.  

Further distinctions arise with the introduction of the Hourly Zonal Price (PUN, "Prezzo Unico 

Nazionale"), a variable rate dictated by the electric market. The PUN rate varies throughout the 

day, fluctuating based on the specific time when energy is fed into the grid. Energy prices, as in 

Table 1, are segmented into three distinct time bands: F1, F2, and F3. Each band represents a 

different period of the day and is associated with a unique price level. The price bands are 

categorized from 1 to 3, with higher band values corresponding to higher selling prices. 

Moreover, it's crucial to address the fiscal implications of selling energy as a private citizen. 

Although the revenue generated from such sales does not attract value added tax (VAT), it is 

nonetheless subject to income tax under IRPEF—Italy's personal income tax. Consequently, this 

income must be declared on the annual tax return. The net financial benefit derived from these 

sales is determined after adjusting for the marginal tax rate. This rate modifies the taxable income 

in accordance with the tax bracket the individual falls into. Considering Italy's median per capita 

income, which is around 40000€, an ordinary taxpayer is often placed in the 35% marginal tax rate 

bracket. Recognizing this tax bracket is crucial for our analysis because it has a substantial impact 

Table 1: PUN timebands 
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on the actual take-home profit from the energy sold, which, in turn, affects the financial metrics 

we are taking into account to evaluate the PV system. 

 

The formula used for calculating the selling price is as follows:  

𝑃𝑆𝐸𝐿𝐿𝐼𝑁𝐺 =  [ 𝑤𝑒𝑖𝑔ℎ𝑡𝐹1 ∙ 𝑃𝐹1 + 𝑤𝑒𝑖𝑔ℎ𝑡𝐹2 ∙ 𝑃𝐹2 +  𝑤𝑒𝑖𝑔ℎ𝑡𝐹3 ∙  𝑃𝐹3 ] ∙  (1 −  𝑡𝑎𝑥) 

where: 

• 𝑤𝑒𝑖𝑔ℎ𝑡𝐹1, 𝑤𝑒𝑖𝑔ℎ𝑡𝐹2 , 𝑤𝑒𝑖𝑔ℎ𝑡𝐹3 denote the proportion of annual hours attributed to each 

time band relative to the total number of hours in the year where the supply of PV energy 

exceeds the demand. 

• 𝑃𝐹1, 𝑃𝐹2 , 𝑃𝐹3  are the monthly average prices, for each category, available for the first 

months of 2024. 

• tax is the marginal tax rate, representing the tax percentage to be applied to the revenue 

generated from energy sales. 

 

2.4 Economic Variables 

Regarding the economic variables, we have taken into account an inflation rate of 2%, which aligns 

with the objectives of the ECB (European Central Bank) as well as the average inflation over the 

last decade. In terms of debt, we have considered a loan with a five-year term. Several estimates 

have been obtained from local and non-local Italian banks such as UniCredit and Intesa Sanpaolo, 

resulting in an average APR of 7.6% per annum. 

For the Equity (household) cost of capital we took into account the 10-year EURIBOR Swap Rate 

which is 2.74%.  



 

13 

 

2.5 Installation costs 

2.5.1 PV Panels 

Regarding the photovoltaic panels, the LONGI Hi-MO 6 model has been used as a reference. This 

model boasts a power capacity of 430 watts over an area of 1.95 square meters, thus offering an 

efficiency of 22%. Furthermore, LONGI provides a 25-year warranty and guarantees a minimal 

annual power degradation of just 0.4%.  

To calculate the cost of the photovoltaic panels, we began with actual quotes, both from websites 

and by phone, for PV systems with nominal power ranges between 1 and 6 kW, as it can be seen 

in Table 2. 

Installation Costs  

    

Peak Power (W) Number of panels Real Quotes € Interpolation 

860 2   2209.43 

1290 3 3144 2924.47 

1720 4  3639.51 

2150 5  4354.55 

2580 6  5069.59 

3010 7 5576 5784.63 

3440 8 6465 6499.67 

3870 9  7214.71 

4300 10  7929.75 

4730 11  8644.79 

5160 12 8986.36 9359.83 

5590 13  10074.87 

6020 14 11187 10789.91 

6880 16  12219.99 

7740 18  13650.07 

8600 20  15080.15 

9460 22   16510.23 
       Table 2: Real quotes and Interpolated prices 
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To create a versatile cost function applicable to photovoltaic systems of various capacities, we 

engaged in a process of linear interpolation using established ratios. The resulting function, 

expressed as  𝑦 =  715.04𝑥 +  779.35 , models the cost structure of a photovoltaic installation. 

The equation delineates a fixed installation cost of 779.35 euros, representing base expenses that 

do not vary with system size. In addition to this, a variable cost of 715 euros per panel is identified, 

reflecting the incremental expense associated with each additional panel. 

 It's important to note that the market prices for solar panels have been subject to significant 

fluctuations. This variability was largely influenced by government subsidies available until 2021, 

which offered a reimbursement of 110% of the investment in solar panel installation. This policy 

led many installation companies to significantly inflate their prices, with the strategy of claiming 

the subsidies for themselves. Consequently, customers were not charged for the installation. 

Following the discontinuation of these subsidies, the market prices for solar panels have stabilized 

and now align more closely with the general prices observed across the European market. This 

change marks a return to more standard pricing practices in the industry, reflecting the true cost of 

solar panel technology without the distortion caused by hefty government incentives. 

2.5.2 Batteries 

For photovoltaic installations with storage systems—specifically those utilizing batteries to 

conserve generated energy for non-immediate use—we have undertaken a methodologically 

similar approach. The reference model for our study is the SOLAREDGE Home Battery 48V 

Table 3: Price for combinations of X Panels and Y Battery’s Capacity 
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BAT-05K48, which offers a 10-year warranty and boasts peak charging and discharging efficiency 

of 94.5%. We gathered multiple quotes for storage battery systems of varying sizes, ranging from 

3 to 22 kWh, and performed linear interpolation to derive a new cost function tailored to the 

batteries alone. By decoupling the cost of batteries from the panels, we can explore, as seen in 

Table 3, a comprehensive array of price combinations for each nominal power rating of an 

installation and each battery storage capacity. This allows for a more complete investigation into 

the most cost-effective pairings of battery storage and PV system capacity.  

Maintenance costs for the solar panels have been estimated at 15 euros per panel each year. This 

estimate includes regular upkeep, like cleaning to maintain efficiency, as well as unexpected 

repairs or replacements needed to keep the system running smoothly. This method ensures all 

anticipated and possible extraordinary maintenance costs are accounted for, offering a practical 

cost outline for long-term maintenance of the photovoltaic system. 

 

2.6 Government Subsidies 

In the landscape of government incentives for the installation of PV systems, two principal 

initiatives stand out, each offering significant financial benefits to encourage the uptake of solar 

energy. 

The first initiative is a reduction in the VAT rate for PV systems and related materials. Historically, 

the standard VAT in Italy has a rate of 22%. However, under the new scheme, the rate for these 

items is reduced to 10%. This incentive applies to all photovoltaic kits and components involved 

in setting up a renewable energy generation system.  
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The second initiative offers a financial incentive in the form of a 50% tax credit on personal income 

tax (IRPEF) for building renovations that incorporate the installation of both PV systems and 

battery storage solutions.. Installation of a PV system is considered a renovation activity, and as 

such, it qualifies for this substantial tax break. The initiative allows homeowners to reclaim half 

of their PV system's cost through tax deductions spread over the ten years following the 

installation. The maximum expenditure eligible for this 50% tax relief is set at €96,000 per 

property, meaning up to €48,000 can be deducted in ten equal annual installments for each 

property. The deductible amount is evaluated on an annual basis and per individual project. 

It's important to note that these tax deductions act as a tax shield, effectively reducing the taxable 

income for an individual or corporation by allowing for certain deductions, such as the installation 

of a PV system in this case. Tax shields lower the total amount of taxes payable by an individual 

taxpayer, depending on their marginal tax rate, which, following the average per capita income in 

section 2.3.2 , in Italy averages around 35%.  
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3. Economic Analysis 

3.1 Government Subsidies 

Regarding the economic analysis, our initial step was to identify all the various cash flows that 

would impact the project, starting from the annual savings attributed to the installation of PV 

panels. To achieve this, we estimated for every hour of the year how much energy would be drawn 

from the grid and how much would be generated by the PV system. 

This analysis enabled us to determine the savings on our electricity bills, which arise from two key 

sources: the energy sold back to the grid and the energy used for self-consumption. It's important 

to note that an increase in the number of panels does not proportionally increase the amount of 

energy used for self-consumption. This is because, in systems without a storage solution (battery), 

the energy produced by the panels must be used immediately. As a result, there tends to be an 

excess of energy produced during sunlight hours, while in the evening, purchasing energy from 

the grid remains necessary. As in Figure 2 , self-sufficiency typically ranges from 30% to 40% as 

the number of panels increases relative to our current energy usage.  
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Figure 2: Panel Count vs. Household Energy Independence 



 

18 

 

3.2 Cashflows  

After calculating the savings generated by the PV system, we can move forward with depicting 

and calculating our projected cash flows. Our analysis spans a 25-year horizon, aligned with the 

warranty period of the panels, providing a long-term view of the financial benefits. Our benchmark 

case is to finance 25% of our investment with equity and the remaining 75% through a loan that 

has a 5-year maturity and an interest rate of 7.6% based, as said in section 2.4,  on actual rates 

provided by Italian banks. 

As in Figure 3, our cash flow components, besides saving calculated above, include the initial 

equity investment, repayment of the loan over five years, and inflows from government subsidies, 

which help offset some of the upfront costs. We will also factor in ongoing maintenance costs, 

adjusted for inflation, to ensure we capture the true long-term expenditure associated with the 

system 
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Figure 3: Cashflows representation of our optimal system size, 12 panels 
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From these elements, we can derive the annual cash flows and calculate their present values, which 

adjust future cash flows to reflect their value in today's terms. This process helps us understand 

the time value of money and the impact of inflation on our investment. 

 

3.3 Financial Metrics Analysis 

The most crucial metric in our financial analysis is the Net Present Value (NPV) which is essential 

for assessing whether the PV system project is financially viable over the long term. A positive 

NPV indicates that the project is expected to generate more wealth than it consumes, after 

accounting for the cost of capital, making it a financially sound investment. 

In addition to the NPV, we consider other key financial metrics to thoroughly evaluate the viability 

of the PV system project. These include the Internal Rate of Return (IRR), the Payback Period, 

and the Levelized Cost of Energy (LCOE).. 

LCOE  is a measure of the average net present cost of electricity generation for a generating plant 

over its lifetime. It is calculated by taking the ratio of the total costs of the system to the total 

amount of energy it produces. The formula for LCOE is: 

𝐿𝐶𝑂𝐸 =  
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑦𝑠𝑡𝑒𝑚

𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 𝑂𝑣𝑒𝑟 𝐿𝑖𝑓𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑦𝑠𝑡𝑒𝑚𝑠
  

Total costs include initial capital expenditures, operations and maintenance costs, and financing 

costs. LCOE is particularly useful when comparing the cost-effectiveness of different methods of 

electricity generation on a consistent basis. For a PV system, a lower LCOE means that the system 

is more cost-effective over its operational life. 
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By evaluating these metrics — IRR, Payback Period, and LCOE — alongside NPV, we can gain 

a comprehensive understanding of the financial performance of the PV system.  

A comprehensive overview of the economic metrics is given in Table 4, for different 

configurations of a PV system, ranging from 2 to 22 panels. 

In Figure 4 we can observe that the NPV follows a concave trajectory: as the number of panels 

increases, the NPV initially rises, peaks at the installation of 12 panels, and then begins to decline. 

Figure 4: NPV as a function of number of panels 

Table 4: Financial metrics overview 
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This trend indicates that while initially adding more panels generates higher savings, there comes 

a point where further additions yield diminishing returns. 

To understand this phenomenon, it's crucial to analyze the relationship between savings and costs 

associated with the panels. As Figure 5 shows, while installation costs tend to increase linearly 

with the number of panels added, savings do not scale in the same straightforward manner. Savings 

are heavily influenced by two factors: self-consumption and the energy sold back to the grid. 

However, these factors do not contribute equally to increasing savings.  

Self-consumption provides a more substantial benefit compared to energy sold, especially from a 

financial perspective. As more panels are added, there's a threshold beyond which the percentage 

of self-consumed energy plateaus. Beyond this point, any additional energy generated is more 

likely to be surplus and sold back to the grid, which typically yields lower financial returns than 

energy consumed directly. 

Figure 5: relationship between Costs, Savings and Revenues 
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This imbalance explains why the NPV does not continually increase with the addition of more 

panels. Once optimal self-consumption is reached, additional panels primarily increase the energy 

sold rather than consumed. Since the financial return from selling energy is generally lower than 

that from self-consumption, the overall financial efficiency of the system begins to decline, hence 

the observed decrease in NPV beyond 12 panels. 

Understanding this balance is crucial for designing an economically viable PV system. It 

underscores the importance of aligning the number of panels with actual energy needs and 

consumption patterns to maximize financial returns and avoid the inefficiencies of overcapacity.  

Regarding the LCOE, we observe that it is inversely proportional to the number of panels installed. 

However, this might be counterintuitive to our analysis, potentially suggesting that installing the 

maximum number of panels is the optimal solution for our project. Yet, this is not accurate 

because, as previously explained, the percentage of self-consumption in our PV system does not 

increase proportionally with the number of panels. Instead, after reaching a certain threshold, any 

energy generated from PV is only sold, and at a price of 0.061€/kWh that is lower than the LCOE. 

This situation implies that the revenue from selling the generated electricity alone does not cover 

the average cost of its production, indicating that the energy production is not financially 

sustainable over the long term due to being sold at a loss. 

 

3.4 Scenario Analysis 

Scenario analysis is crucial for this project due to the multitude of variable inputs such as costs, 

energy prices, and load profiles. It allows for exploring the financial impact of different conditions, 

providing insights into potential risks and, by comparing different scenarios, decision-makers can 

determine the best course of action.  
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In assessing the impact of electricity cost on our PV system's financial viability, we analysed how 

incremental changes of 10% around the baseline price of €0.2724 would alter the NPV and 

consequently the ideal number of solar panels to install. Table 5 shows that at an energy cost of 

€0.22064, the optimal configuration is 10 panels with an NPV of €5102, which rises to an NPV of 

€9252, when the energy cost is €0.3296, with the installation of 13. This finding is particularly 

pertinent given the recent high volatility in energy prices, driven by geopolitical tensions and 

conflicts. Despite the potential for significant price fluctuations, the robustness of our project's 

financial outlook stands firm, underscoring its resilience and the sustained attractiveness of the 

investment under a range of variable market conditions. 

With respect to variations in our consumption profiles, we evaluated both decreases and increases 

by 500 kWh. Given an initially high consumption profile of 3970 kWh, we paid closer attention 

to scenarios where consumption would decrease. As illustrated in Table 6, a reduction of 

approximately to 2470 kWh, which may not be entirely realistic for a four-person household 

considering average consumption and local climate conditions, shifts the optimal number of panels 

to 8, yielding an NPV of €4116. This emphasizes how critical the relationship between 

consumption patterns and the size of PV installations is to the economic feasibility and underscores 

that even with significant changes in consumption levels, the project can maintain financial 

soundness. 

 

Table 5: NPV changes varying electricity cost 
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Regarding the selling price for the excess energy produced by the panels, we have taken into 

account a increases or decreases of 10% from our baseline selling price. This factor, as we can 

observe in Table 7, introduces a high degree of variability in the outcomes. Specifically, a 

reduction of around 20% in the selling price would shift the project to an optimal installation of 

just 6 panels, yielding an NPV of €6,325. By examining the average annual prices from previous 

years, we see a clear correlation with market prices, which have been high due to geopolitical 

tensions. Therefore, due to their high volatility, selling prices are an important parameter to 

consider, particularly when preparing for a worst-case scenario where the market price could drop 

to the guaranteed minimum price of €0.044/kWh. In such a scenario, the NPV would become 

€6,080, and the optimal panel installation would decrease to 5 panels. 

 

3.5 PV Storage System 

When it comes to the economic analysis of a PV system equipped with a battery, the assessment 

follows a procedure similar to the one outlined for systems without storage. The components 

Table 7: NPV changes varying selling price 

Table 6: NPV changes varying consumption 
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within the cash flow are calculated in the same manner, with the exception of the savings 

component for several reasons. 

The incorporation of energy storage allows us to store excess power in batteries to be used when 

our panels are not generating electricity. This capability significantly enhances our self-sufficiency 

levels, which can soar to as high as 95% with a storage system, compared to only about 40% for a 

system without storage. Consequently, our reliance on purchasing energy is substantially 

decreased. A  factor to take into account is the charge and discharge efficiency of the battery, 

which, for our chosen SOLAREDGE Home Battery 48V BAT-05K48, is guaranteed to be at an 

impressive 94%. 

Furthermore, since the battery's warranty spans 10 years, matching its projected lifespan, we've 

projected that the cash flow from savings for the subsequent 15 years will mirror that of a similar 

system without storage. This long-term perspective ensures that our economic analysis remains 

realistic and grounded in the actual operational lifespan of the system's components, thereby 

providing a clear and well-substantiated financial forecast for the PV system with battery storage. 

After conducting the analysis, we are able to calculate the NPV for a PV system with battery 

storage. As illustrated in Table 8, the configuration that maximizes our NPV involves installing 

13 panels along with a battery capacity of 4.6 kWh. With this setup, the NPV amounts to €7264, 

indicating that our investment would generate a greater return compared to a system without 

storage. A system with these specifications would achieve an 83% self-sufficiency level, allowing 

for an annual inflow to the battery of 1668.27 kWh and reducing the annual electricity bill from 

€1081, with no installation, to €187. 
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4. Final Recommendation 

Based on the comprehensive analysis presented in the thesis, the following final recommendation 

is made for residential solar panel installations in Padova, Italy: 

For a system without battery storage, the best decision is to purchase 12 solar panels. This 

configuration leads to a NPV of €7070 , with a payback period of approximately 13.39 years. This 

recommendation is grounded in the data-driven analysis which shows that this number of panels 

optimizes the balance between cost, savings, and energy efficiency. 

In contrast, for a system equipped with a battery, the optimal configuration changes. It is advisable 

to purchase 13 solar panels coupled with a battery capacity of 4.6 kWh, which maximizes the NPV 

to €7264. This setup not only increases the household’s energy self-sufficiency significantly but 

also offers an even stronger financial incentive. 

These recommendations are robust, taking into account current government subsidies, the cost of 

capital, and the market and energy conditions specific to Padova. . The detailed analysis ensures 

these findings are both reliable and pertinent to potential solar panel adopters in the region, 

providing a solid foundation for making informed decisions about investing in solar energy. 

Table 8: NPV for different configurations of Battery Capacity and size installaion  
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Moreover the impact of changes in electricity costs, potential fluctuations in consumption levels, 

and variations in the selling price of excess energy were thoroughly analyzed. This scenario 

analysis ensures that the recommendations are not only optimal under current conditions but also 

resilient to future market uncertainties.  

Comparative Analysis 

The paper also encompasses a comparative analysis exploring the divergent economic landscapes 

of installations in Padua versus Ravello. This offers valuable insights into the interplay of 

geographical, economic and environmental factors influencing the financial viability of solar 

energy projects in distinct regional contexts. We now delve into the financial benchmarks of the 

two distinct scenarios, each structured with a 75% debt and 25% equity funding arrangement. In 

Ravello, the installation reaches an optimal NPV of €10,297 with 15 panels, corresponding to a 

nominal power of 6.525 kW. On the other hand, Padua’s NPV peaks at €7,070, with 12 panels 

delivering a nominal power of 5.160 kW. Further, Ravello boasts a shorter payback period of 10.72 

years and a higher IRR at 11.31%, versus Padua’s longer payback of 13.39 years and lower IRR 

of 9.94%. This variance can be attributed to a mix of geographical and economic factors intrinsic 

to the areas where these installations have been developed. Starting from electricity annual 

consumption, in the 14 former it is assumed to be 2,700 kWh, while a standard household in Padua 

is expected to consume 3,970 kWh annually. Firstly, we tend to explain this because Ravello is 

located in Southern Italy, enjoying a milder climate compared to Padua, which is situated in the 

Northern part of the country. The warmer summers and colder winters in the region of Veneto 

likely contribute to higher energy consumption (e.g. for heating and cooling purposes) compared 

to the Amalfi Coast-based town. Additionally, cultural factors may also play a role. Padua can 

indeed be considered a more progressive city with a greater openness to innovation. As a result, 
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households are more inclined to use electric stoves and electric water heating systems, rather than 

gas-powered solutions that are more common in Southern Italy. Another difference we 

encountered stands at LCOE level: Ravello’s figure is €0.05, whereas in Padua it stands at €0.07. 

Since the LCOE captures both capital and operational expenses over the system’s lifetime against 

total energy produced, examining such factors can explain the disparity. Indeed, we note a not 

negligible difference in installation expenses: the comprehensive cost, for five panels of similar 

characteristics, in Padua amounts to €4,354, while in Ravello is €3,739. We tend to attribute this 

to substantial variations in regional GDP per capita. In Campania, GDP per capita is around 

€20,000 (Regione Campania, 2022), whereas in Veneto, it stands at €34,000 (Regione Veneto, 

2022). Higher GDP per capita often correlates with higher average income levels, which can 

translate into more elevated labor costs, demand for goods and services, thus higher prices. Moving 

to energy production, a significant discrepancy between the two towns is that Ravello experiences 

more sunny days throughout the year compared to Padua. This is directly reflected in the global 

irradiance on the inclined plane, a measure of the amount of solar energy available for conversion 

into electricity by the PV system, mounted at an optimal angle. According to data from the 

Photovoltaic Geographical Information System website, accessed from the PVGIS-SARAH2 

database and based on a three-year average (2018, 2019, 2020), the global irradiance in Padua is 

recorded at 1739 kW/m², while in Ravello it stands at 1988 kW/m² per year. This difference implies 

that, ceteris paribus, PVs installed in Ravello have a higher potential for power production, 

meaning higher energy density efficiency (i.e. energy output generated per m²). In numbers, this 

translates to a higher NPV per m² for Ravello (€332.48) compared to Padua (€297.14). This, 

coupled with the lower installation and maintenance costs, makes the financial benefit of installing 

greater for households living in Ravello. 
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