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Abstract: The use of renewable sources to produce energy is good for the planet and has economic value, that is, investing 
in the produce of green energy can be economically viable. This paper aims to conduct an evaluation, using real options tools, 
of a photovoltaic (PV) system, for self-consumption, at the Campus of Polytechnic Institute of Viseu, Portugal. A PV system 
produces electricity from sun and its investment can be viable, particularly in sunny countries like Portugal. This viability 
comes from the rapid recovery of the investment, since the energy produced is no longer bought to the electrical network. The 
utilization of real options, in this study, namely the decision trees, allows integrating uncertainty sources and operational 
flexibility. In this work, we considered the price of electricity tariff and the value of the initial investment as uncertain values. 
The operational flexibility is integrated by considering the options “invest”, “defer” and “not invest” in the PV system, for self-
consumption. The results suggest that the Polytechnic Institute of Viseu should invest in a PV system, for self-consumption. 
The use of solar energy, especially in countries with high sun expose, such as Portugal, is economically viable. 
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1. Introduction 

Global warming and its environmental consequences on the 
planet have led to increased energy production from renewable 
or clean sources. Energy production using renewable resources 
has been supported by governmental policies, in different 
countries. One of these sources is the sun, which allows, 
among others, producing electricity - photovoltaic solar energy. 
Portugal is a country with a high number of hours of sun 
exposure and has a system of incentives to produce energy 
with low environmental impact. The interest in this type of 
investment stems from the rapid recovery of investment and 
from the technology used that provides low maintenance costs 
[1]. Mathews and Mathews [2] studied the financial feasibility 
of different configurations of solar photovoltaic energy for a 
consumer’s household. They concluded that these investments 
are viable with good payback periods. 

In order to increase photovoltaic solar energy, in 2014, in 
Portugal, legislation about self-consumption was published, 
encouraging the self-production and consequently, decreasing 
the electricity acquisition. 

This work intends to analyze the investment in a solar 

photovoltaic (PV) system for self-consumption, in the Polytechnic 
Campus of the Polytechnic Institute of Viseu, Portugal. 

The decision of investing in a PV system can be influenced 
by factors such as the electricity price and the value of the 
investment itself. Furthermore, the decision of investment can 
be deferred because the uncertainty presented, either in the 
price of the electricity or in the investment value. Towards 
these aspects, the evaluation of such investment might be into 
account both flexibility and uncertainty. Thus, the real options 
theory seems to be useful to carry out this evaluation. 

Notice that traditional evaluation methods, such as the ones 
based on discounted cash flows, like the Net Present Value 
(NPV), might not be sufficient because they assume a pre-
determined and fixed plan, which does not allow taking into 
account both uncertainty and flexibility [3]. In this particular 
investment, the decision trees were used, since it is a simple real 
options technique, especially when there are not many uncertain 
factors nor many decisions to make along project lifetime. 

There are other studies using real options to analyze the 
investment in energy production from renewable sources. For 
example, Mancini et al. [4] use this technique to determine 
the viability of investing in energy production from wind and 
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from sun. 
Beyond this introductory part, this document is organized 

as follows: section 2 contextualizes the problem of 
photovoltaic solar energy and reviews some literature about 
economic evaluation, section 3 describes the methodology 
and procedures used; section 4 presents the results obtained, 
and section 5 concludes. 

2. Literature Review 

In this section, the photovoltaic systems and respective 
Portuguese legislation are, generally, addressed. Next, some real 
options techniques, namely, the decision trees, are introduced. 

2.1. Photovoltaic Systems and Portuguese Legislation 

Photovoltaic systems allow electricity production, from the 
sun energy. They are constituted by photovoltaic modules, 
inverters, wiring and other elements of electrical circuits [1]. 
Photovoltaic cells form each module, and these cells allow 
the transformation of solar energy into electrical energy, 
through the photovoltaic effect [5]. The inverters are devices 
that convert electric current allow the connection between the 
photovoltaic generator and the electrical network [5]. 

The Portuguese Decree-Law no. 153/2014 [6] regulates the 
units for the production of electricity for self-consumption 
(UPAC). These units may use renewable or non-renewable 
energy sources, have a power limit and some production 
requirements: the installed power system must be less than the 
contracted power and the total annual energy production should 
be less than the needs. The energy produced is preferably used 
for self-consumption, but if the consumption is instantaneously 
less than the production, the surplus can be sold and injected into 
the electrical network at a defined sale rate, less 10% (due to 
injection expenses). All the characteristics can be consulted in 
the referred decree-law or, in short, in [7]. 

In this case study, the UPAC is constituted by a PV system 
and its economical evaluation is herein performed, using real 
options techniques. 

2.2. Real Options 

Traditionally, to evaluate a project economically, it is 
necessary to analyze, over time, operating cash flows and 
compare them with the investment ones [8]. One of the most 
used measures is the NPV, which compares the operating 
cash flows generated by the project with the capital invested. 
All cash-flows (of exploration and investment, if carried out 
in different periods) are reported at an initial moment (year 0) 
with the use of a proper discount rate. The NPV is the 
difference between the current value of the operating cash 
flows and the investment cash flows [8]. An investment 
project is economically viable when it has a positive NPV. 

However, these kind of evaluation methods are not adequate 
to evaluate projects that have operational flexibility (possibility 
of adapting the plan of action, according to the way the project is 
developing), because they assume a pre-determined and fixed 
plan [5]. Furthermore, the realized cash flows will probably be 

different from what was expected, due to the uncertainty. Real 
options methods take into account both operational flexibility 
and uncertainty, aiding the identification of the best decisions. A 
nice introduction to this theory can be found in [9]. A real option 
gives the right (but not the obligation) to take a determined 
action. Its valuation is based on financial options theory and 
allows assessing investments under uncertainty, because it takes 
into account the risks and the flexibility value for making 
decisions when new information arrives [10]. 

In the valuation of investment projects, real options consider 
that there is the right but not the obligation to act upon the 
development process. The evaluation models based on real 
options emphasize the flexibility and the options available [11]. 
The recognition that the financial options theory can be used to 
evaluate investment projects was made by Myers [12], who 
used the expression real option to express the management 
flexibility under uncertain environments. Real options theory 
allows determining the best sequence of decisions to make in 
an uncertain environment, and provides the proper way to 
evaluate a project when such flexibility is present. The 
decisions are made according to the opportunities that appear 
along the project lifetime, which means that the optimal 
decision-path is chosen step by step, switching paths as events 
take place and opportunities appear [13]. The models to 
evaluate real options can present some difficulties, like 
determining the model inputs, among others, but following a 
real options perspective may have a significantly positive 
impact in the financial performance of a project. Many authors 
use real options to evaluate R&D projects in different areas. 
Brach and Paxson [14], for example, use real options to 
evaluate pharmaceutical R&D, Lint and Pennings [15] also use 
a real options model in the Philips Electronics, Schwartz and 
Zozaya-Gorostiza [16] use real options in information 
technology, and Lee and Paxson [17] in e_commerce. 

In this study, the incorporation of different options and 
sequential decisions was done using decision trees, which are 
one of the real option techniques. In general, decision trees 
allow modeling decision sequences in the presence of 
uncertainty. For the different sequences, the value of the 
project is calculated (through NPV), allowing to select the best 
combination of decisions. The analysis of a decision tree starts 
with the leaves and, at each node, the expected value for the 
project is calculated. The best decision is the one that produces 
the highest expected value [18]. This technique is very simple 
and visual, mainly when there are a few uncertainty factors and 
options, as is the case of this investment. 

3. Methodology 

The Polytechnic Campus of Viseu has a significant cost 
with energy consumption. In this sense, the economic interest 
of producing part of the electricity consumed, with a PV 
system, is analyzed. This study was based on the consumption 
profile in the year 2015. The Polytechnic Campus is 
considered a non-residential consumer, whereby the contracted 
power depends on the maximum power used in the year before. 

The power of the UPAC PV system has to be lower than the 
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contracted power [6]. A. Gomes et al. [19] analyzed 3 different 
scenarios for the power of this UPAC system, based on the 
power contracted by Campus and on the maximum powers 
recorded. Notice that the increase of the system power leads on 
an increase of the value of the investment, but, on the other 
hand, there is an increase of the production of electricity for 
self-consumption and, therefore, Campus buys less energy 
from the electrical network. The value of the UPAC 
investment is defined by kWp of the power system, i.e., the 
investment value results from the multiplication between the 
unit value per kWp and the value of the UPAC system power. 

The electricity produced by the UPAC is self-consumed, but on 
some instants of the day, the production may be higher than the 
consumption, and this surplus is injected and sold to the electrical 
network. The value of the electricity produced by the UPAC 
constitutes an opportunity cost, since Campus doesn’t buy it from 
the network. This opportunity cost is calculated multiplying the 
tariff per kWh and the amount of electricity produced by UPAC. 
Campus fees are lower than those practiced in the market, due to 
contractual issues. A. Gomes et al. [19] concluded that, among the 
values 90 kWp, 250 kWp and 441kWp, the power of 250 kWp 
was the most appropriate for this PV system. 

In this study, the real options analyzed are “invest”, “defer” 
and “not invest” in the UPAC PV system. The option of 
investing is influenced by the investment value and by the 
tariff value, which are considered to be uncertain. 

With the use of real options, in particular the decision tree 
technique, it is intended to assess the economic feasibility of 
the project and its opportunity. 

4. Results 

Income and expenses were estimated, in order to calculate 
the cash flows. The cost of the PV system investment, I, is 
defined per kWp of the power system and the total 
investment is obtained multiplying I and the power system. 
We assume, according with the current market values, that, 
for 250 kWp, the investment value is 1,050 €/kWp. Besides 
the investment, it is necessary to pay a license, which is 
assumed to be 7,500 €, and the final value, with 23% VAT 
(Value Added Tax), is 332,100 €. 

The UPAC system produces electricity for self-consumption 
and the surplus generated (if production exceeds the needs) is 
injected into network. When the UPAC does not produce the 
necessary energy, it is necessary to acquire it from the 
electrical network. The sum of energy produced for self-
consumption with that purchased from the electrical network 
totals the needs of the Campus in terms of electricity. 

The opportunity costs of self-consumption production are 
calculated from the average electricity tariff, which corresponds 
to a weighted average and it is calculated taking into account the 
tetra-hourly tariff (super-empty, empty, full and peak) and the 
sun exposure (defined as 9 am-5 pm all year). Currently, 
Campus benefits a bonus on the tariff, since it is a public 
organization. Assuming this bonus, the average value of the 
tariff is defined as 0,0756 €/kWh [19]. The number of kWh 
produced for self-consumption times the tariff value determines 

the opportunity cost relative to self-consumption. 
In addition to this value, when there are surplus injected 

into the electrical network, the sale value, per kWh, is 
defined by auction. According to REN's 2015 annual report 
(REN is a Portuguese company of transport of electricity and 
natural gas), this value was 0.0504 €/kWh [20] less 10%, due 
to legislation [6], which lead to the net value of 0.045 €/kWh. 
The number of kWh injected into the network times the sale 
value determines the income obtained from the sale of the 
surplus produced by UPAC. 

There is also an opportunity cost related to the so-called tip 
hour power, which is defined as the average active power at 
peak period [21]. During this period, Campus supports not only 
the price of the electricity, defined by the multiplication between 
the tariff and the number of kWh spent, but also an amount 
relatively to the tip hour power. This amount is calculated, 
monthly, through the multiplication of a specific tariff (€/kWh) 
and the number of the month days and the average power (peak 
period energy divided by the peak period hours in the month). 

The tip period exists, essentially, during the day. Therefore, 
with UPAC energy production, there is a significant decrease, in 
this period, in the number of kWh purchased from the electrical 
network. The difference between the amount paid for tip hour 
power without UPAC and with UPAC constitutes other 
opportunity cost to be considered in the economic evaluation. 

Table 1 resumes the worth obtained from UPAC, during 
the first year of utilization, assuming the immediate 
investment and that the tariff has the current bonus. 

Table 1. UPAC WORTH (VALUES IN EUROS). 

Opportunity Cost 
Network injection 

Tip hour power Self-consumption 

12,711 27,156 1,943 
Total = 41,810 

UPAC installation and utilization requires a civil liability 
insurance contract, as well as expenses associated with O&M. 
Regardless the system power of UPAC, it is considered an 
annual insurance of 150 €. The O&M annual costs depend on 
the system power: about 6 €/kW plus 23% VAT. 

Table 2 summarizes the annual expenditures with UPAC 
use and maintenance. 

Table 2. Annual values with UPAC use and maintenance. 

Power System Insurance price O&M Total 

[kWp] [€] [€] [€] 
250 150 1,850 2,000 

Tables 1 and 2 resume UPAC worth and expenditures for 
the first year of utilization. In the following years, a 
depreciation of 0.8%/year is considered in UPAC system 
[22], due to the solar panels and invertors deterioration. Thus, 
production decreases annually according to that value, as 
well as the opportunity costs and the income from the sale of 
surplus energy. Cash flows are calculated at constant prices 
and it was considered a discount rate of 6.573%1. 

                                                             

1 Value based on ERSE [21], and determined with Capital Asset Pricing Model (CAPM) 
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After 15 years, a continuity value was assumed for the 
photovoltaic system. The value of continuity represents a 
perpetuity based on the cash flow of the last year in which we 
make projections (year 15), and assuming a constant long-
term growth rate (g). Thus, the continuity value, VC, is equal 
to 

16CF
VC

r g
=

−                                     (1) 

where 16CF  represents the cash flow in year 16 

(CF15x(1+g)). In this case, the growth rate, g, represents the 
evolution of the photovoltaic system and, therefore, this rate 
is negative, since the system deteriorates, on average, 
0.8%/year. 

Table 3 summarizes the cash flows, the continuity value 
and the NPV (taking into account the continuity value), 
assuming the immediate investment and the bonus on the 
tariff. 

Table 3. UPAC values. 

Year Income [€] Expenditures [€] Cash-Flows [€] Pres. coef. 
Present Cash-

Flows [€] 

Cumul. present 

Cash-Flows [€] 

0 Investment -332,100.00 -332,100.00 

1 41,809.73 -2,000.00 39,809.73 1.066 37,354.26 - 294,745.74 

2 41,475.25 -2,000.00 39,475.25 1.136 34,755.76 - 259,989.97 

3 41,143.45 -2,000.00 39,143.45 1.210 32,337.91 - 227,652.06 

4 40,814.30 -2,000.00 38,814.30 1.290 30,088.16 - 197,563.90 

5 40,487.78 -2,000.00 38,487.78 1.375 27,994.83 - 169,569.07 

6 40,163.88 -2,000.00 38,163.88 1.465 26,047.04 - 143,522.02 

7 39,842.57 -2,000.00 37,842.57 1.562 24,234.69 - 119,287.33 

8 39,523.83 -2,000.00 37,523.83 1.664 22,548.36 - 96,738.96 

9 39,207.64 -2,000.00 37,207.64 1.774 20,979.30 - 75,759.66 

10 38,893.98 -2,000.00 36,893.98 1.890 19,519.35 -56,240.31 

11 38,582.83 -2,000.00 36,582.83 2.014 18,160.93 - 38,079.38 

12 38,274.16 -2,000.00 36,274.16 2.147 16,896.99 - 21,182.40 

13 37,967.97 -2,000.00 35,967.97 2.288 15,720.95 - 5,461.45 

14 37,664,23 -2,000.00 35,664.23 2.438 14,626.71 9,165.26 

15 37,362.91 -2,000.00 35,362.91 2.599 13,608.58 22,773.84 

VC   475,761.32  183,085.49  

NPV 205,859.33 

 
The investment, in this PV system, is economic viable, 

since it has a positive NPV (205,859.33 €) and has a payback 
lower than 14 years (necessary time to recover the 
investment). 

The investment on PV systems has been decreasing over 
the last few years and the tendency is to continue decreasing 
[24]. Thus, it is considered that the investment can decrease 
in the following year, with a probability of 80%, and the 
probability of the investment remains is 20%. If the 
investment decreases, it is considered a decrement of 15% in 
the price of €/kWp. On the one hand, defer the investment 
can allow saving part of the investment; but, on the other 
hand, Campus defer the income obtained from the PV system. 

Relatively to the electricity tariff, currently, Campus 
benefits from low values, since it is a public organization. It 
is considered that there is a 30% probability that the Campus 

will not have this benefit and will support the prices defined 
by ERSE [25], paying an electricity tariff of 0.1325 €/kWh. 
Also, the price of the tip hour power is modified according to 
ERSE [25]. 

The two uncertain factors, above described, are taken into 
account to analyze the PV system investment, using decision 
trees. Decision trees model decision sequences in uncertain 
environments and allow evaluating which the best decisions 
are. In the representation of a decision tree, the squares 
represent decision nodes and the circles represent probability 
nodes. 

The decision tree of this investment project is represented 
in Figure 1. On each leaf of the tree, the NPV is presented. 
The NPVs calculations are similar to the previous 
calculations. 
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Figure 1. Decision tree for the investment. 

Analyzing the decision tree, it is obvious that if the 
Campus has to pay the tariff without bonus, the NPV 
increases very much, because the opportunity costs also 
increase a lot, since the PV system allow to save much more 
comparing with the bonus tariff. To solve the decision tree, 
the analysis starts with the right leafs. 

For to the rightmost decision nodes, the expected NPV is 

calculated: 
E(NPV)|(Not invest) = 0 € 
E(NPV)|(Defer, the investment decreases and invest) = 

238,605.95 x 0.7 + 540,223.68 x 0.3 = 329,091.27€ 
E(NPV)|(Defer, the investment maintains and invest) = 

193,161.94 x 0.7+570,519.69 x 0.3 = 306,369.27 € 
After these calculations, the next decision tree is obtained: 

 

Figure 2. Decision tree for the investment after the first calculations. 
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For the rightmost decision nodes, the decision, in each 
case, is to invest. Proceeding to the next decision node, the 
expected NPVs are calculated: 

E(NPV)|(Not invest) = 0 € 
E(NPV)|(Defer) = 329,091.27 x 0.8+306,369.27 x 0.2 = 

324,546.87 € 
E(NPV)|(Invest) = 205,859.33 x 0.7+559,591.25 x 0.3 = 

311,978.91 € 
After these calculations, the following tree is obtained: 

 

Figure 3. Final decision tree for the investment. 

For this decision tree, the decision is to defer the 
investment, although the NPVs are not too different. The 
decision may be investing, instead of deferring, if it were 
considered a lower investment drop or a lower probability of 
the investment decreasing. However, in any decision node, 
investing or deferring is always better than not investing. 

It is important to refer that, without bonus in the tariff, the 
payback is much lower, less than 7 years, from the moment 
of the investment. So, organizations that do not benefit in the 
tariff of electricity, should consider investing in a PV system 
for self-consumption, in order to save money in the 
electricity paid to the network and to help the planet. 

The example presented are simple, but it serves to 
illustrate the utility of decision trees to model sequential 
decisions when there are sources of uncertainty. Decision 
trees are simple and they are quite visual, helping to perceive 
decision sequences over an investment lifetime. 

5. Conclusions 

This work intended to evaluate a UPAC PV system in the 
Polytechnic Campus of Viseu, using decision trees, which are 
a real option technique. This idea is related to the fact that, in 
Portugal, the solar energy still has little use, when Portugal is 
one of the countries in Europe with more hours of solar 
incidence. 

The analysis of the decision tree has led to the conclusion 

that the investment is viable, and the time to recover the 
investment is shorter the higher is the electricity tariff. 
Considering the fact that the costs investment has a 
downward trend, the defer option can be taken into account, 
in spite of the loss of the opportunity costs during the waiting 
time. On the other hand, Campus enjoys bonus in electricity 
tariff, which increases the payback period. However, in the 
absence of bonus, the expected NPV increases and the 
payback period decreases. The application of the decision 
trees served the purpose of illustrating the modeling of 
decisions, when there are sources of uncertainty. 

In any case, the interest of investing in a UPAC PV system 
becomes clear. Thus, the demand of these systems should be 
greater, both by businesses and individuals. Sunlight is an 
inexhaustible source of energy and it should be more used for 
the planet's sustainability, especially in countries like Portugal. 
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