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Abstract. In this work we illustrate a simple logical framework serving the purpose of measuring value 
creation in a real-life solar photovoltaic project, funded with a lease contract, a loan contract and internal 
financing (i.e., withdrawal from liquid assets). We use the projected accounting data to compute the 
value created. We assess the project from both an investment perspective (operating assets and liquid 
assets) and a financing perspective (debt and equity). Furthermore, focusing on value creation for 
equityholders, we calculate the expected contribution on shareholders’ wealth increase of operating and 
financing activity. In particular, we highlight the role of the distribution policy in financial modeling by 
describing the strict logical connections between estimated data and financial decisions. 
 
Keywords: photovoltaic solar energy, project evaluation, net present value, distribution policy 
 

1 Economic setting 

Switching from traditional energy sources to renewable energy has a beneficial impact in terms of 
ecological sustainability (Ezbakhe and Pérez-Foguet 2021, Kang et al. 2020, Lei et al. 2019, Sinke 2019, 
Lupangu and Bansal 2017). However, firms willing to switch from retail energy to renewable energy 
are also concerned with the impact on economic profitability (Pham et al. 2019, Cucchiella et al. 2018, 
Dong et al. 2017). Therefore, an appropriate financial modeling and profitability metrics are required 
which correctly assess the effect on shareholders’ wealth (Magni and Marchioni 2019, Baschieri, Magni 
and Marchioni 2020). In this study, we consider the appraisal of a solar photovoltaic (PhV) project 
proposed by an Italian installer company to a small firm, located in Northern Italy, which aims to 
switching from retail energy to solar energy and draw up a financial model which connects operating 
variables and financing variables. 

Let ܴ݁ݒ௧ be the incremental revenues derived from the sale of excess energy, ܱܥ݌௧ be the incremental 

operational costs brought about by the plant, ݌݁ܦ௧ be the depreciation charge of the solar PhV plant, ܫ௧௟ 
the interest income derived from reinvestment of liquid assets, ܫ௧ௗ the interest expenses associated with 

debt, and ߬  the corporate tax rate. Formally, the project income is ܫ௧ = ൫ܴ݁ݒ௧ − ௧ܥ݌ܱ − ௧݌݁ܦ + ௧௟൯(1ܫ −߬) +  ௧, can be computed by subtracting theܨ ,௧ௗ. As is standard in finance, the project’s cash flowsܫ߬
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change in capital from the income, so that ܨ௧ = ௧ܫ −  ௧ be the project’s cost of capital (minimumݎ ௧. Letܥ߂
required rate of return). 

The net present value (NPV) quantifies the net effect of the project on the investors’ current wealth 
(Brealey, Myers and Allen 2011): 

ܸܰܲ = ଴ܨ + ଵ1ܨ + ଵݎ + ଶ(1ܨ + ଵ)(1ݎ + (ଶݎ + ⋯+ ௡(1ܨ + ଵ)(1ݎ + …(ଶݎ (1 + ௡). (1)ݎ

Capital amounts, incomes and cash flows of the project are intertwined in a non-trivial way via the pro 
forma financial statements, namely the balance sheets, the income statements and the cash-flow 
statements. These depend on estimated data regarding the operating activity but also on the firm’s 
financing policy, that is, borrowing policy and distribution policy. Three sources of financing are 
possible: 

• debt financing 

• equity financing 

• internal financing (i.e., withdrawal from liquid assets). 
As for the distribution policy, the operating cash flows generated by the project may well be (wholly or 
partially) retained by the firm. and, if they are invested in financial assets, they produce interest incomes. 
Let ݆ = ,݋ ݈, ݀, ݁ be the operating assets, liquid assets, debt, and equity of the project, respectively. The 
first two components, ݋ and ݈, represent the investment side of the project whereas the last two 
categories, ݀ and ݁, describe its financing side. Each area is associated with its own net present value 
(NPV), as represented in Figure 1.  
 

 

Figure 1: NPV of investments and financing sources 
 
The NPV of each asset class ݆ can be computed as  ܸܰܲ௝ = ଴௝ܨ + ଵ௝1ܨ + ଵ௝ݎ + ଶ௝൫1ܨ + ଵ௝൯൫1ݎ + ଶ௝൯ݎ + ⋯+ ௡௝൫1ܨ + ଵ௝൯൫1ݎ + …ଶ௝൯ݎ ൫1 +  ௡௝൯ݎ
where ܨ௧௝ and ݎ௧௝ are the cash flows and costs of capital corresponding to each asset class. As shown in 

Magni (2020), the NPV of the project may be viewed under an investment perspective and a financing 
perspective: 

ܸܰܲ௢ + ܸܰܲ௟ᇩᇭᇭᇭᇪᇭᇭᇭᇫ୧୬୴ୣୱ୲୫ୣ୬୲	୮ୣ୰ୱ୮ୣୡ୲୧୴ୣ = ܰܲฑܸ୮୰୭୨ୣୡ୲ ୒୔୚ = ܸܰܲ௘ + ܸܰܲௗ,ᇩᇭᇭᇭᇭᇪᇭᇭᇭᇭᇫ୤୧୬ୟ୬ୡ୧୬୥ ୮ୣ୰ୱ୮ୣୡ୲୧୴ୣ
 

(2)

where ܸܰܲ௢ = NPV of operating assets 
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ܸܰܲ௟ = NPV of liquid assets ܸܰܲ௘ = NPV of equityholders ܸܰܲௗ = NPV of debtholders. 
 
Since the managers’ primary mandate is wealth increase of equityholders, the measure we focus on is 
the equity NPV, ܸܰܲ௘. From (2), ܸܰܲ௘ = ܸܰܲ௢ + ܸܰܲ௟ − ܸܰܲௗ, (3)

meaning that equityholders may benefit not just from a value-creating operating activity (ܸܰܲ௢ > 0), 
but also from an efficient management of liquid assets such that they are invested at a rate of return 

greater than the cost of capital of liquid assets (ܸܰܲ௟ > 0), and from the ability of borrowing at lower 

rate than the cost of debt, that is, the equilibrium rate prevailing in the capital markets (ܸܰܲௗ < 0).1 

In this work, we model the technical and financial description of a real-life case of solar PhV system. 
We measure the contribution of operating and financial areas on the overall value creation of the 
investment project and on the wealth increase for equityholders. 

2 Solar PhV plant 

We describe a real-life industrial case where an Italian company located in Northern Italy faces the 
opportunity of replacing a conventional retail electricity system (based on supplies from a grid operator) 
with a standalone solar PhV system purchased from an Italian producer and installer. The plant will be 
installed on a land property owned by the company and currently rented. With retail energy, the firm 
periodically pays a utility bill and receives a rental income from the rent of the land. The solar PhV plant 
implies a leasing contract whereby lease payments and operating and maintenance costs are made 
periodically. After several years, at the expiration date, the lessee will pay a lump sum to acquire the 
plant, and the system will continue to generate electric power for some years. The lump sum is paid 
through the issuance of new debt capital and withdrawal from liquid assets. At the end of its useful life, 
the plant will be removed, and the firm will incur disposal costs. If the retail system is replaced by the 
PhV plant, the incomes and cash flows will increase as a result of the ceased lease payment and the cost 
savings (the utility bill), but will increase as a result of operating and maintenance costs, the terminal 
outlay for acquiring the plant, and the lost rental income. 
 
The model is described as follows: the quantity of energy consumed for the firm’s operations is 
estimated to be constant through time and equal to q; the current purchase price of energy is ݌௣, growing 

at a constant rate ݃௣ per year. The utility bill is payed periodically, in the same year in which energy is 

consumed. The leasing contract contains the following economic conditions: the lease payment, equal 
to ܮ, is made periodically; at time m (expiration date) the firm may acquire the plant paying a lump sum 
equal to ݔܧ݌ܽܥ, and the system will keep producing electric power for some years, until time ݊. ݔܧ݌ܽܥ 
represents the capital expenditure for buying the plant and is depreciated evenly from ݐ = ݉ + 1 until 

                                                      
1 The debt NPV is the part of the value generated by the project captured by debtholders: if it is negative, then 

equityholders grasp that value. Usually, such an NPV is zero or positive, so part of the value generated by the 
project is shared with the debtholders. 
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ݐ = ݊, so that the depreciation charge is ݌݁ܦ = ݊)/ݔܧ݌ܽܥ − ݉). As anticipated, the PhV plant is 
installed at ݐ = 0 in a field owned by the firm, which could otherwise be rented on the property market 
at a rent equal to ܴ growing at the constant annual rate  ݃௖. The latter represents an opportunity cost for 
the firm (a foregone income). 
Starting from the first period, the PhV plant requires operating, maintenance and insurance costs. 
Technical experts determine a suggested level of these costs for the first year in order to maximize the 
energy production, which we denote as ܵܯ&ܱ݃݃ݑ. We denote as ܱ&ܯ the actual expenses, which may 
be equal to or smaller than the suggested ones (i.e., O&M ≤ SuggO&M), both assumed to grow at the 
constant annual rate ݃௖. 
 
If O&M = SuggO&M, the PhV system will produce ܳ௠௔௫ units of energy in the first year, which 
decrease every year at the rate ݃ொ. In contrast, if O&M = 0 (i.e., the company is not willing to spend for 

operating and maintenance costs), the energy production suffers from a percentage loss due to lack of 
maintenance, denoted as ProdLoss. Furthermore, technical experts expect that the effective energy 
production in each period ݐ, denoted as ܳ௧, is proportional to the level of actual ܱ&ܯ costs as compared 
to the suggested level. Specifically, ܳ௧ = ܳ௠௔௫൫1 − ݃ொ൯௧ିଵ ⋅ ൭1 − max ൬ProdLoss ⋅ SuggO&M − O&MSuggO&M , 0൰൱. 
If the energy produced by the plant, ܳ௧, is higher than the energy consumed by the firm, the firm sells 
the differential quantity to the Energy Service Operator at the energy selling price ݌௦, growing at a 
constant rate ݃ ௣ per year, with payment in the following year. We assume that, at time  ݐ = ݊, the energy 

sold is paid immediately. Therefore, if the produced quantity is lower than the consumed energy in year ݐ, that is, ܳ௧ < energy costs savings arise equal to ܳ௧ ,ݍ ⋅ ௣൫1݌ + ݃௣൯௧ିଵ; if the produced quantity is 

higher than the consumed one, that is, ܳ௧ > ݍ energy costs savings arise equal to ,ݍ ⋅ ௣൫1݌ + ݃௣൯௧ିଵ as 

well as energy sales revenues equal to (ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵ, determining the presence of operating 

working capital. Hence, the income effect of the energy sales revenues and costs savings in the two 
different scenarios can be summarized with the expression min(ݍ, ܳ௧) ⋅ ௣൫1݌ + ݃௣൯௧ିଵ + max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵ 

and the operating working capital can be represented with the formula ܹܥ௧ = ,0)ݔܽ݉ ܳ௧ − (ݍ ௦൫1݌⋅ + ݃௣൯௧ିଵ and ܹܥ௡ = 0. At time ݊, the plant is removed with disposal costs equal to ܪ growing 

at the constant annual rate  ݃௖. 
 
To sum up, the firm-without-the-project pays the utility bills and receives the rent for the land (for the 
whole period); in contrast, the firm-with-the-project sustains the lease payments (until ݐ = ݉), the 
operating and maintenance costs (until ݐ = ݊), the lump sum (in ݐ = ݉), and the disposal costs (in ݐ =݊), and receives payments for the energy sold to the Energy Service Operator. Considering that a project 
represents, by definition, the difference between the firm-with-the-project and the firm-without-the-
project, the project’s incomes are:  
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௧ܫ = ቂmin(ݍ, ܳ௧) ⋅ ௣൫1݌ + ݃௣൯௧ିଵ + max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵ − ܮ − ܴ ⋅ (1 + ݃௖)௧ିଵ− ܯ&ܱ ⋅ (1 + ݃௖)௧ିଵ + ௧௟ቃܫ (1 − ߬) +  ௧ௗܫ߬

for 1 ≤ ݐ ≤ ݉ 
௧ܫ  = ቂmin(ݍ, ܳ௧) ⋅ ௣൫1݌ + ݃௣൯௧ିଵ + max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵ − ܴ ⋅ (1 + ݃௖)௧ିଵ − ⋅ܯ&ܱ (1 + ݃௖)௧ିଵ − ݌݁ܦ + ௧௟ቃܫ (1 − ߬) +  ௧ௗܫ߬

for	݉ + 1 ≤ ݐ ≤ ݊ − 1 
௧ܫ  = ቂmin(ݍ, ܳ௧) ⋅ ௣൫1݌ + ݃௣൯௧ିଵ + max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵ − ܴ ⋅ (1 + ݃௖)௧ିଵ − ⋅ܯ&ܱ (1 + ݃௖)௧ିଵ–݌݁ܦ − ܪ ⋅ (1 + ݃௖)௧ିଵ + ௧௟ቃܫ (1 − ߬) +  ௧ௗܫ߬

for ݐ = ݊. 
 

The project’s assets are represented by working capital, liquid assets (ܥ௧௟) and, from time ݉ , fixed assets: 

௧ܥ = max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵᇩᇭᇭᇭᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇭᇭᇭᇫworking	capital + assets	௧௟ฎliquidܥ
 for 1 ≤ ݐ ≤ ݉ − 1	

௧ܥ = max(0, ܳ௧ − (ݍ ⋅ ௦൫1݌ + ݃௣൯௧ିଵᇩᇭᇭᇭᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇭᇭᇭᇫworking	capital + ݌݁ܦ–ݔܧ݌ܽܥ ⋅ ݐ) − ݉)ᇩᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇫfixed	assets + assets	௧௟ฐliquidܥ			
 for ݉ ≤ ݐ ≤ ௧ܥ	1-݊ = 0 for ݐ = ݊ 

where the balance of liquid assets at the end of period ܥ ,ݐ௧௟, is obtained from the liquid balance at the 

beginning of period, ܥ௧ିଵ௟ , increased by the interest income ܫ௧௟ and by the cash contribution into the liquid 

assets account at time ݐ, equal to −ܨ௧௟, that is, ܥ௧௟ = ௧ିଵ௟ܥ + ௧௟ܫ −  ௧௟ (for the derivation of liquid assetsܨ
see also the numerical application below). Finally, as already mentioned, the forecasted cash flows are 
obtained as ܨ௧ = ௧ܫ − ,௧ܥ߂ ݐ∀ = 0,1, … , ݊. 
 
Considering the financing policy, until the expiration date of the leasing contract݉, the project is fully 
financed with internal financing, that is, with retained cash. The rate of return on liquid assets is constant 

and equal to ݅௟, hence the interest income is ܫ௧௟ = ݅௟ ⋅ ௧ିଵ௟ܥ . At time ݉, the operating disbursement is 
covered by absorbing resources from the liquid assets (internal financing), according to a proportion ܹ, 
and by a loan contract for the complementary proportion  1 −ܹ. After time ݉, further disbursements 
are fully satisfied via internal financing. 
 
The dividend distribution to equityholders, ܨ௧௘, starts at a time ݀௠, according to the payout ratio ߙ, to 
be applied to the smallest between the net income and the potential dividend (i.e., the difference between 

the operating cash flow and the cash flow to debt, ܨ௧௢ −  ௧ௗ), provided that they are both positive, thatܨ

is ܨ௧௘ = ߙ ⋅ maxൣ0,min൫ܫ௧௘, ௧௢ܨ − ௧௟ܨ− ௧௟, is the retained cash, that is, the amount not distributed to the equityholders, thereforeܨ− ,ݐ ௧ௗ൯൧. The cash contribution into the liquid assets account at timeܨ = ௧௢ܨ) (௧ௗܨ− − ߙ ⋅ maxൣ0,min൫ܫ௧௘, ௧௢ܨ −  ௧ௗ൯൧. At time ݊, the project is terminated, such that every asset andܨ

liability go back to zero.  
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The income statements, balance sheets, and cash-flow statements of the solar PhV plant are derived 
from the technical and financial model described above. The overall value creation is calculated via eq. 
(1) by discounting the cash flows ܨ௧ and, analogously, the NPVs of the asset classes ݆ = ,݋ ݈, ݀, ݁ are 

determined by considering the corresponding cash flows ܨ௧௝. The decomposition of the project NPV and 

the explanation of the equityholders’ value creation are computed via (2) and (3). 

In the next section, we present the technical and financial data of the photovoltaic project and illustrate 
the practical applications of the financial measures for making a decision. 

3 Value creation and NPV decomposition of the solar PhV plant 

The industrial case of the solar PhV project is described with the following operating and financial input 
data. 

Operating inputs: 

• Useful life of PV plant: ݊ =28 years 
• Total cost of the plant = € 96,600.00  
• Annual unit production in the first year at the technically suggested O&M (including insurance 

costs): ܳ௠௔௫ =103,960 kWh 
• Efficiency loss (per year): ݃ொ = 0.65% 

• Actual O&M and insurance: ܱ&ܯ =	2.75% of total cost of the plant 
• Technically suggested O&M and insurance: SuggO&M = 4% of total cost of the plant 
• Productivity loss due to lack of maintenance (with O&M=0): ProdLoss = 15% 
• Disposal costs: ܪ = €2,500.00 
• Lost rent from land property: ܴ = €1,250.00 
• Growth rate for costs: ݃௖ = 0.50% 
• Lease term length: ݉ =	20 years 
• Purchase price of PV plant: ݔܧ݌ܽܥ = €25,000.00 
• Leasing annual payment: ܮ = €6,268.45 
• Annual energy consumption: ݍ =	87,500 kWh 
• Tax rate: ߬ = 20.00% 
• Energy purchase price: ݌௣ = 0.180(€/kWh) 

• Energy selling price: ݌௦ = 0.155 (€/kWh) 
• Growth rate of energy price: ݃௣ =	2.00% 

Financial inputs: 

• First of year of CFE distribution: ݀௠ =	1st year 
• Payout Ratio: ߙ =	50.0% of the minimum between the net income and the potential dividends 
• Internal financing: ܹ = 60% of the purchase price of PhV plant 
• Debt borrowing: 1 −ܹ = 40% of the purchase price of PhV plant 

• Interest rate on liquid assets ݅௟ = 0% 

• Interest rate on debt: ݅ௗ =	2.00% 
• Required return on operating assets (constant): ݎ௢ =	6.00% 

• Required return on liquid assets (constant): ݎ௟ = 2.00% 
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• Required return on debt (constant): ݎௗ = 3.00% 

The corresponding pro forma balance sheets, income statements and cash-flow statements are presented 
in Tables 1-3. Discounting the overall cash flows ܨ௧, it results that the project NPV is ܸܰܲ = 84,338 >0, signaling that the PhV solar plant creates value. The decomposition of the value created under the 
investing and financing perspectives is described in the table below, via eq. (2). 

 

Investment perspective Financing perspective ܸܰܲ௢ = 	+108,125 ܸܰܲ௘ = +88,635 ܸܰܲ௟ = − 19,721 ܸܰܲௗ = −231 ܸܰܲ = 88,404 ܸܰܲ = 88,404 

 

According to the investment perspective (left side of the table), the operations create value by ܸܰܲ௢ =108,125 > 0, which is partly offset by the significant value destruction due to the liquidity management 

with ܸܰܲ௟ = −19,721 < 0 (due to an inefficient allocation of capital with ݅௟ = 0% < ௟ݎ =	2.00%). 

Considering the financing perspective (right side of the table), equityholders increase their wealth by ܸܰܲ௘ = 88,635 > 0, higher than the project NPV, ܸܰܲ = 88,404, due to a value-creating borrowing 

policy, such that ܸܰܲௗ = −231 < 0 (because the loan interest rate ݅ௗ is lower than the cost of debt 

capital ݎௗ). This means that equityholders gain value at the expense of the debt-holders, but this transfer 
of value is tiny, due to the very small difference between the interest rate on debt (2%) and the maximum 
acceptable financing rate (3%), as well as the limited scale of the debt.  

Finally, we decompose the wealth increase of equityholders into the contributions of operations, 
liquidity and debt, according to (3), obtaining the following partition. 

 + ܸܰܲ௢ = 108,125+ ܸܰܲ௟  = −19,721− ܸܰܲௗ  = −(−231)= ܸܰܲ௘ = 88,635
 

The equity NPV is lower than the operating NPV because investments in liquid assets significantly 
destroy value whereas value transfer from debtholders to equityholders is almost irrelevant (as also 
depicted in Figure 2). 
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Figure 2: Decomposition of equity NPV 
 

4 Financial efficiency of the solar PhV plant 

As opposed to the NPV which does not suffer from any shortcoming, we note that the Internal Rate of 
Return (IRR), which is the most employed relative performance ratio in capital budgeting, does not exist 
for the overall project nor for the equity investment, as a consequence of the non-conventional cash 
flows streams (ܨ଴, ,ଵܨ … , ,	଴௘ܨ) ௡) andܨ ,	ଵ௘ܨ … ,  ௡௘), the first one having more than one change in signܨ
and the second one having no change in sign. 

Since the IRR fails, a viable solution for measuring the rate of return (and, therefore, the financial 
efficiency) of the project and of the equity investment is offered by the so-called average internal rate 
of return (AIRR) approach, introduced in Magni (2010, 2013), based on the estimated incomes and 
capital amounts, coherently defined as the ratio of the overall (discounted) income over the overall 
(discounted) capital. The AIRR of the project quantifies the project’s rate of return over the total invested 
capital: 

ܴܴܫܣ = ∑ ௧(1ܫ + ଵ)(1ݎ + …(ଶݎ (1 + ଴ܥ௧)௡௧ୀଵݎ + ∑ ௧(1ܥ + ଵ)(1ݎ + …(ଶݎ (1 + ௧)௡௧ୀଵݎ = 113,956589,145 = 19.34% (4)

and, analogously, the equity AIRR measures the relative performance for equityholders, expressed as 
the ratio of net income to total equity invested: 

௘ܴܴܫܣ = ∑ ௧௘(1ܫ + ଵ)(1ݎ + …(ଶݎ (1 + ଴௘ܥ௧)௡௧ୀଵݎ + ∑ ௧௘(1ܥ + ଵ௘)(1ݎ + …(ଶ௘ݎ (1 + ௧௘)௡௧ୀଵݎ = 113,717575,270 = 19.77% (5) 

where ݎ௧ and ݎ௧௘ are explicitly derived from the costs of capital of operating assets, non-operating assets, 
and debt (see Magni 2020, Ch. 8 for details on the calculation of the project costs of capital). 
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Furthermore, Magni (2010, 2013) proves that the AIRR approach is NPV-consistent2 and is possible to 
decompose the value creation of the project into a financial efficiency component (defined as the 
difference between the AIRR of the project and the average cost of capital ݎ) and an investment scale 
component, therefore enriching the informational content of the valuation. More precisely,  

ܸܰܲ = ܴܴܫܣ) − ୣ୤୤୧ୡ୧ୣ୬ୡ୷	ᇩᇭᇭᇪᇭᇭᇫ୤୧୬ୟ୬ୡ୧ୟ୪(ݎ ⋅ ൬ܥ଴ +෍ ௧(1ܥ + ଵ)(1ݎ + …(ଶݎ (1 + ௧)௡௧ୀଵݎ ൰ᇩᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇫୱୡୟ୪ୣ
= (19.34% − 4.34%) ⋅ 589,145 = 15.01% ⋅ 589,145 = €	84,404 

(6)

where ݎ is the project’s average cost of capital. Symmetrically, the equity NPV is decomposed via the 
AIRR approach as the product of financial efficiency for equityholders and the scale of the equity 
investment: 

ܸܰܲ௘ = ௘ܴܴܫܣ) − ୣ୤୤୧ୡ୧ୣ୬ୡ୷	௘)ᇩᇭᇭᇭᇪᇭᇭᇭᇫୣ୯୳୧୲୷୤୧୬ୟ୬ୡ୧ୟ୪ݎ ⋅ ൬ܥ଴௘ +෍ ௘௧(1ܥ + ௘ଵ)(1ݎ + …(௘ଶݎ (1 + ௘௧)௡௧ୀଵݎ ൰ᇩᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇭᇫୣ୯୳୧୲୷ୱୡୟ୪ୣ
= (19.77% − 4.66%) ⋅ 575,270 = 15.41% ⋅ 575,270 = €	88,635 

(7)

where ݎ௘ is the average cost of equity capital. 
 
Considering the equityholders’ perspective, each euro invested in the project produces an equity return 
equal to 19.77%, remarkably higher than the alternative return equal to 4.66% that could be obtained on 
the financial market for investments of comparable risk. The financial efficiency of equity is positive, 
equal to 15.41%, representing the relative advantage for equityholders in investing in the PhV plant 
instead of alternative available investments. Overall, the equityholders invest € 575,270 at an above-
normal return of 15.41%, so realizing a wealth increase equal to €575,270 ⋅ 15.41% = €88,635. 

5 The role of distribution policy 

It is worth noting that, in such a model, the estimated data are logically chained to decisions regarding 
distribution policy and retained cash. For example, to build the balance of liquid assets at the end of 

period ݐ = ଵସ௟ܥ ,14 , one needs start from the balance at the beginning of that period, ܥଵଷ௟ = €45,997. 
Assuming that the cash retained in the firm will not generate any interest income, the balance will 
increase by the retained cash (i.e., the amount not distributed to the equityholders) at time ݐ = 14, which 
is equal to  −ܨଵସ௟ฑ୰ୣ୲ୟ୧୬ୣୢ	ୡୟୱ୦ = ଵସ௢ܨ) − ଵସௗܨ )ᇩᇭᇭᇪᇭᇭᇫ୮୭୲ୣ୬୲୧ୟ୪	ୢ୧୴୧ୢୣ୬ୢୱ − ߙ ⋅ maxൣ0,min൫ܫଵସ௘ , ଵସ௢ܨ − ଵସௗܨ ൯൧ᇩᇭᇭᇭᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇭᇭᇭᇫୡୟୱ୦	୤୪୭୵	୲୭	ୣ୯୳୧୲୷ = €4,362. 
Therefore, we obtain the balance of liquid assets at the end of period as ܥଵସ௟ = ଵଷ௟ܥ − ଵସ௟ܨ = €45,997 + €4,362 = €50,358. 
In this application, the distribution policy remarkably affects the economic results, with ܸܰܲ௟ =−19,721, because of high differences between the interest rate on liquid assets and minimum acceptable 

                                                      
2See also Marchioni and Magni (2018) for a definition of strong NPV-consistency of rates of return. 
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rate of return on liquid assets and high balances of liquid assets in several different periods of the 
investment. Only after computing the balance of liquid assets, the equity book value may be calculated 

as ܥଵସ௘ = ଵସ௢ܥ + ଵସ௟ܥ − ଵସௗܥ . 
 
Logically, the disregard of the distribution policy would have invalidated the logical consistency of the 
model. It is necessary to first calculate the potential dividends, then subtract the part of it which is not 
distributed and add it to the cash balance, as we have shown above. This brings about a network of 
complex relationships among the accounting magnitudes, which makes it necessary to draw up the cash-
flow statement. The latter enables the analyst to calculate the cash flow associated with the liquid assets, ܨ௧௟, which depends on the cash flow distributed to equityholders, ܨ௧௘, which in turn depends on the 
operating cash flow. However, the latter can be computed only on the basis of elements of the income 
statement (the operating income) and elements of the balance sheets (operating assets). In turn, the 
balance sheet cannot be completed without the cash-flow statement, because, as we remind, the equity 

capital is equal to ܥ௧௘ = ௧௢ܥ + ௧௟ܥ −  ௧௟ (i.e., withoutܨ ௟ cannot be computed without computingܥ ௧ௗ  andܥ
using the cash-flow statement). This nontrivial relationships among these three financial statements also 
testifies to the connections between estimated data (operating variables) and decision variables 
(distribution policy and reinvestment of retained cash). As a result, pro forma balance sheet and income 
statement are not sufficient; the cash flow statement is required for a sound and logically consistent 
model (and, therefore, a correct valuation of the project).3 

6 Conclusions 

In the current work we have provided a logically consistent model for the investment appraisal of a real-
life photovoltaic energy project. Contrary to traditional modeling, we take account of the subtle relations 
interconnecting operating variables and financing variables, which depend on decisions (borrowing 
decision and distribution policy). We have considered the firm’s decisions on distribution in the cash-
flow statement, which is necessary to draw up the balance sheet (and, therefore, the income statement 
of the next period). We have decomposed the value created under two different perspectives, namely, 
the investment view which considers operating and liquid assets, and the financing view, which analyzes 
the equity and debt components, highlighting that the equity NPV may be significanty different from 
the operating NPV due to the remarkable role of financial decisions about liquid assets and debt. 

References 

Baschieri, D., Magni, C.A., and A. Marchioni. 2020. Comprehensive financial modeling of solar PV 
systems. 37th European Photovoltaic Solar Energy Conference, Lisbon, 7-11 September. 

Brealey, R.A., Myers, S., and F. Allen. 2011. Principles of Corporate Finance, global ed., McGraw- 
Hill Irwin, Singapore. 

                                                      
3 Some authors discount the potential dividends, (ܨ௧௢ −  ௧௘ thereby avoiding theݎ ௧ௗ) at the cost of equity capitalܨ
calculation of the balance of liquid assets. However, this does not produce the correct equity NPV, unless the 
retained cash is invested at the cost of equity, an often implausible assumption, or the firm distributes 100% of the 
potential dividends to equityholders, which is not always the case (and is not the case of the Italian company we 
consider) (see also Magni 2020, p. 344). 

154



 

 

Cucchiella, F., D’Adamo, I., Gastaldi, M., and V. Stornelli. 2018. Solar photovoltaic panels combined 
with energy storage in a residential building: An economic analysis. Sustainability, 10(9) 
(August), 1-29. DOI:10.3390/su10093117. 

Dong, C., Sigrin, B., and G. Brinkman. 2017. Forecasting residential solar photovoltaic deployment in 
California. Technological Forecasting and Social Change, 117, 251-265. 

Ezbakhe, F., and A. Pérez-Foguet. 2021. Decision analysis for sustainable development: the case of 
renewable energy planning under uncertainty. European Journal of Operational Research, 
291(2), 601-613. 

Kang, J., Ng, T.S., and B. Su. 2020. Optimizing electricity mix for CO2 emissions reduction: A robust 
input-output linear programming model. European Journal of Operational Research, 287(1), 
280-292. 

Lei, Y., Lu, X., Shi, M., Wang, L., Lv, H., Chen, S., Hu, C., Yu, Q., and S.D.H. da Silveira. 2019. SWOT 
analysis for the development of photovoltaic solar power in Africa in comparison with China. 
Environmental Impact Assessment Review, 77, 122-127. 

Lupangu, C., and R.C. Bansal. 2017. A review of technical issues on the development of solar 
photovoltaic systems. Renewable and Sustainable Energy Reviews, 73, 950-965. 

Magni, C.A. 2010. Average internal rate of return and investment decisions: A new perspective. The 
Engineering Economist, 55(2), 150-180. 

Magni, C.A. 2013. The internal rate of return approach and the AIRR paradigm: A refutation and a 
corroboration. The Engineering Economist, 58(2), 73-111. 

Magni, C.A. 2020. Investment Decisions and the Logic of Valuation. Linking Finance, Accounting, and 
Engineering. Springer Nature, Switzerland AG. 

Magni, C.A., and A. Marchioni. 2019. The accounting-and-finance of a solar photovoltaic plant: 
economic efficiency of a replacement project. 4th International Conference on Energy and 
Environment, ICEE, Guimaraes, Portugal, May. 

Marchioni, A., and C.A. Magni. 2018. Investment decisions and sensitivity analysis: NPV-consistency 
 of rates of return. European Journal of Operational Research, 268, 361-372. 

Pham, A., Jin, T., Novoa, C., and J. Qin. 2019. A multi-site production and microgrid planning model 
for net-zero energy operations. International Journal of Production Economics, 218, 260-274. 

Sinke, W.C. 2019. Development of photovoltaic technologies for global impact. Renewable Energy, 
138, 911-914. 

  

155



  T
ab

le
 1

: B
al

an
ce

 s
he

et
s 

(t
ho

us
an

ds
 o

f 
E

ur
o)

 

 
  T

ab
le

 2
: I

nc
om

e 
st

at
em

en
ts

 (
th

ou
sa

nd
s 

of
 E

ur
o)

 

 

156



  T
ab

le
 3

: C
as

h 
fl

ow
 s

ta
te

m
en

ts
 (

th
ou

sa
nd

s 
of

 E
ur

o)
 

 
 N

ot
e:

 N
ot

w
it

hs
ta

nd
in

g 
th

e 
ex

is
te

nc
e 

an
d 

un
iq

ue
ne

ss
 o

f 
ܸܰܲ an

d 
ܸܰܲ௘ , 

ne
ith

er
 th

e 
IR

R
 o

f 
th

e 
pr

oj
ec

t c
as

h-
fl

ow
 s

tr
ea

m
 n

or
 th

e 
IR

R
 o

f 
th

e 
eq

ui
ty

 c
as

h-
fl

ow
 s

tr
ea

m
 e

xi
st

s.
 

    

157



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




