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COST-BENEFIT ANALYSIS OF PV GENERATORS
AT RESIDENTIAL BUILDINGS IN THE REGION
OF RUSE, BULGARIA
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In this study a method for cost-benefit analysis of investments in PV generators at residential build-
ings has been presented. The benefits are evaluated in two categories: financial benefits in terms of
net present value of the money and the return on the investment; the ecological benefits presented
in saved CO2 emissions in tons and in percentages. A cost-benefit analysis of a PV investment at an
apartment in the city of Ruse is presented with different scenarios in terms of installed power. Two
risk factors are also evaluated — the buying price of PV energy and the selling price of conventional
energy. The obtained results showed that the investment could payback for 6 to 9 years, if the instal-
lation is properly sized. The ecological benefits have been evaluated to be approximately 1t CO,

annually or a reduction of 35% to 42%.
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INTRODUCTION

The constantly increasing prices of energy re-
sources imply the search for reduction of the en-
ergy demand and increasing of the energy pro-
duction. This has led to the creation of a number of
stimuli in Bulgaria for using of renewable energy
sources (RES), mainly in the form of preferential
buying prices of the produced energy. This has
led to the creation of an enormous amount of PV
plants above 30 kWp but showed as an ineffec-
tive approach. Until the last year there were al-
most no small power plants (under 30 kWp) con-
nected to the grid, because such procedure was
requiring multiple permits and technical projects.
In 2016 the Commission for Energy and Water
Regulation simplified significantly the procedure
which opens new possibilities for application of
RES in residential buildings in Bulgaria.

On the other hand during the last years the price
of energy from PV sources has been constantly
dropping down which is another reason to inves-
tigate their payback at resident buildings. Accord-
ing to [09] the advance in the solar technology is
expected to reduce the price of the generated
PV energy to 4-5 ct/kWh by 2025 and to 2-4 ct/
kWh by 2050, which would make it competitive
even to atomic energy.
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Numerous studies have investigated the pos-
sibilities to use PV energy sources in residen-
tial and public buildings. Nafeh A. E. (2009) ex-
plored the electrification of remote households
in Egypt using en-tirely PV sources [02]. Kolhe
et al. (2002) analysed different combinations of
PV and diesel generators of a school located in
India for one life cycle of the PV modules. The
study showed that using only PV gen-erators is
an acceptable solution if the energy consump-
tion is low [035].

In another study for residential buildings in Ma-
laysia, Elhassan et all. (2012) showed that con-
sid-ering the reduction in the amount of the pur-
chased energy, the payoff time of the investment
is 14 years [03]. Ziuku et all. (2012) investigated
the period for return on the investment of an in-
tegrated PV system in a residential building in
South Africa. The results showed that the in-
vestment will pay off in 8 years [10]. Manohar et
all. (2015) performed a cost-benefit analysis of
a solar PV system in Trinidad and Toba-go and
the results were unsatisfactory with 32.9 years
payback period [06].

The available studies show the investment re-
sults from application of PV energy sources vary
widely, depending on many factors such as geo-
graphical location, application, price of electrical
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energy, buying price of energy from RES, local
regulations, etc. The goal of this study is to per-
form a cost-benefit analysis of an investment in
a low power PV plant at a residential building or
a small house for the region of Ruse, Bulgaria.
The analysis will assess the economic as well as
ecological benefits from such invest-ment and
will allow to verify its feasibility for the geographi-
cal and economic conditions of Bulgaria.

MATERIALS AND METHODS

Energy production and consumption

The energy balance of a residential building is:
E =E_+E

cons conv pv (used) (1)
where:
Econs - I8 the consumed electrical energy in
kWh;
Econy - I8 the bought energy from conventional

sources in kWh;

E )" the part of PV energy which is used in

PV(USED

kWh;
The total produced PV energy is:
EPV = EPV( + E

USED) (2)

pv (EXC)

where E_ ., is the excess energy.

In this study it is assumed that two streams of
information are available:

» The mean hourly energy consumption of the

apartment/house for each month of the year

ECONS(t);

« The mean hourly energy production from
the PV modules for each month of the year
E

PV(t)"

The block diagram of the algorithm, used to dis-
tinguish between used and excess energy from
the PV generator is presented in Figure 1.
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Figure 1: Algorithm of the method for estimation of the used amounts of energy
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In block 2 are initialized the input/output vari-
ables and in block 3 — the time variable. If for a
cer-tain hour of the day the energy production
from the PV generator is lower than the energy
consumption, in blocks 5 and 6 the amount of
used PV energy and bought conventional ener-
gy are updated. Otherwise in blocks 7 and 8 the

used PV energy and the excess PV energy are
updated. When the last sample (hour of the day)
is reached, the algorithm returns the used PV
energy E,, ey the excess PV energy E, .,
and the bought conventional energy E__,,. The
algorithm is also presented in a more general-
ized form in Figure 2.
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Figure 2: Simplified energy production-consumption model

Investment expenses

Two types of expenses, related to the investment
in PV energy sources, can be distinguished:
e The initial investment;

* The monthly maintenance expenses.
The initial expenses C, are:

Covy = Cop-Frp +CEQ , € (3)
where

C., - is the price for 1 kW rated power in €/kWp;
P - the installed rated power in kWp;

CEQ - the additional expenses, related to the in-

vestment in €.

In this study the monthly maintenance expense
CMN, related to the PV generator, are estimated
with:

Cun = PRP'CMNO €, (4)

where C,, . is the monthly expenses for mainte-

nance of 1 kW installed PV power in €/kWp.
Financial benefits from the investment

In the present study the financial benefits have
two components: benefits from not buying con-
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ven-tional energy and benefits from selling ex-
cess energy. The daily financial benefits CFIN.
BEN could be ex-pressed with:

CFIN.BEN - CCONV ‘EPV(USED)+CPV 'EPV(EXC)=€ (5)

where

Ccony - is the selling price of energy from con-
ventional sources in €/kWh;

C., - the buying price of energy from PV sources
in €/kWh.

Then the daily money flow C, for the i day be-
comes:

_ Al i
Ci (t) - CFIN.BEN - CMN €
and the net money flow for the k'™ month is:

30/31

Bk - Z Cz(t) €
i=0

The net present value (NPV) of the invested
money is estimated with:

NPV(1) = Z fi(t))" -
k=1 r

(6)

€

INV

(7)
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The cost of capital, r can be obtained with:
_n_—1inf
1+inf

(8)
where n_is the monthly nominal rate of return
and inf is the monthly inflation.

Another indicator for the investment is the return
on investment (ROI):

ROI=M.IOO= % 9)

INV
Other benefits from the investment

Considering the energy produced by conven-
tional sources leads to significantly higher CO,
emis-sions than from renewable sources, other
benefits related to the investment are CO, emis-
sion savings.

The daily emissions of the apartment with a PV-
hybrid energy supply is:

CO2cony pv = Econy-C0O2,, g CO2, (10)

where COZ2, is the relative emission factor which
can be obtained with:

E
coz, = M'COZCONVH’V + Ecow CO2.y (11)

CONS CONS

The potential CO2 emissions if the PV source
was not installed can be estimated with:

CO2por = Econs-CO2copy» 9 CO2 (12)

Then the daily energy savings from the PV in-
vestment are:

CO2,,, =CO2,,, —CO2,,gCc02  (13)

The following coefficient is defined in order to as-
sess the emission savings:

Cco2
ko =@.100,% (14)
Ec ZC02POT
where k... shows the percentile emissions

savings as a consequence from the investment.

RESULTS AND DISCUSSION

Parameters of the study

The object of the investigation is a four room
apartment with PVC windows, insulation and
central heating. Its energy consumption for each
month of the year is presented in Table 1.

g CO2/kWh
Table 1: Electrical energy consumption of the investigated apartment

Month Monthly energy consumption, kWh Mean daily energy consumption, kWh
January 265,21 8,56
February 296,11 9,87
March 355,25 12,69
April 312,00 10,06
May 329,75 10,99
June 266,61 8,89
July 288,93 9,32
August 197,82 6,38
September 325,04 10,83
October 317,64 10,25
November 526,96 17,57
December 324,36 10,46

Different studies [04,08] have reported similar
distributions of the daily household energy con-
sumption, characterized with a minimum during
the night and a maximum in the evenings. Ghae-
mi and Brauner (2009) also reported peaks in
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the morning during the weekdays and a peak at
around 13:00 h dur-ing the weekends [04]. They
also created an average normalized load pro-
file to be used for comparison, with three peaks
(Figure 3), which is used in the present study.
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Figure 3: Normalized average household consumption pattern reported in [04]

The hourly energy production from 1 kWp in-
stalled PV power in the city of Ruse (Bulgaria)
has been used for each month of the year. The
data has been acquired from the Zita Ruse PV
power plant, the information for which is avail-
able in [11]. According to the National Renew-
able Energy Laboratory the maintenance fee for
PV installations bellow 10 kW varies between
0 and 40 $/kWp [12]. Considering in the pres-
ent study we investigate low power household
installations (1 kWp and 2 kWp), we assume the
maintenance fee would be 0 €/kWp.

According to the Covenant of Mayors (2010) the
emission factor for Bulgaria with and without life-
cycle analysis (LCA) is 819 g CO2/kWh and 906
g CO2/kWh respectively [01]. The LCA emission
factor for PV power plants varies between 20
and 50 g CO2/kWh. More recent data from the
Bulgarian Ministry of the Environment and Water
(2014) [07] claims the average emission factor
for Bulgaria in 2013 was 616 g CO2/kWh, how-
ever there is no up-to date information on the
LCE emission factor. That’s why in this study we
will increase the standard emission factor with

the same ratio as the Covenant of Mayors in-
crease, in order to obtain the LCE emission fac-
tor for Bulgaria:

C02,,,,=616%906/819=681 g CO2/kWh.

Another important parameter is the buying price
of PV energy. There was a rapid drop of that price
in the recent years from 0.2 €/kWh a couple of
years ago to 0.13 €/kWh in 2017. Considering
cur-rently in Bulgaria the installed rated PV pow-
er is more than the consumption of the country,
this price is expected to further drop down. On
the other hand the energy consumption world-
wide continuously in-creases, it is quite likely the
price of conventional energy will increase. For
the above reasons two risk factors will be inves-
tigated in this study:

» The buying price of the excess energy de-
creases by 50% from 0.13 to 0.065 €/kWh,;
 The conventional energy price increases

from 0.14 to 0.20 €/kWh.

The other parameters of the performed analysis
are presented in Table 2.

Table 2: Other parameters of the cost-benefit analysis.

Parameter Value
Price for 1 kW installed PV power, €/kWp [13,14] 1500
Life expectancy, years 25
Price of conventional energy, €/kWh [15] 0.14
LCA emission factor of conventional energy, g CO2/kWh 681
LCA emission factor of PV generators, g CO2/kWh [01] 35
Annual nominal rate of return, % 1
Annual inflation, % 3
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Table 3: Scenarios for the cost-benefit analysis

Parameters of the scenario

Scenario 1

Installed power: 1 kW, no batteries

Scenario 2

Installed power: 2 kW, no batteries

Electrical production and consumption

The mean values of the electrical production,
consumption and the required additional con-

ven-tional energy for each month of the year if
Scenario 1 and 2 are used are presented in Fig-
ure 4 and Figure 5 respectively.
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Figure 4: Mean electrical consumption, production and bought conventional energy with Scenario 1 for each

month of the year
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Figure 5: Mean electrical consumption, production and bought conventional energy with Scenario 2 for each

month of the year

The ratio between consumed and excess PV energy for the two scenarios is presented in Figure 6.
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Figure 6: Mean daily consumed PV energy, excess PV energy and percentile energy savings for each month
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For Scenario 1 the generated PV energy will gen-
erally be lower than the consumption of the apart-
ment during the months January, February, March,
October, November and December. In August a
lot of excess energy is expected which could be
explained with the lower energy consumption due
to the holiday season as well as lower cloudiness
during this month. For the rest of the months there
will be av-erage excess energy.

For Scenario 2 the peak of the produced energy
(on average) will be higher than the consump-
tion for every month of the year except Novem-
ber and December, which is expected to lead to
significant amounts of excess energy, especially
during the summer months.

Benefits from the investment

The initial investment for Scenarios 1 is 1500 €
and the performed analysis showed that the ROI
with the current prices, with increased conven-
tional energy price (0.20 €/kWh) and with reduced
buying price of PV energy (0.065 €/kWh) is 256
%, 361% and 242% respectively. In the first case
the NPV reaches 0 € during the 8th year, in the
second case during the 6th year and in the third
case during the 9th year. The NPV values at the
end of the 25 years period are respectively 3481
€, 5563 € and 3217 € (Figure 7).
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w 2000 ¥ : '; 4000 + 1
g 1000 ; § 2000 + ;
i 3 e 1
- : : : : . — -2000 -sff : : : : >
-2000 “...:...i...i...:...}...I: -4000 ':...:...i...i...:...}..,l:
2017 2021 2025 2029 2033 2037 2041 2017 2021 2025 2029 2033 2037 2041
Year Year
a) b)
4000 ——1——1T— T T T
3000 ;
:'; 2000 %
2 1000 ¥
2 o0 %
-1000 £ : . :
-2000 F++—+ R e e
2017 2021 2025 2029 2033 2037 2041
Year

c)

Figure 7: NPV for Scenario 1 with the current prices (a), with price of conventional energy 0.20 €/kWh (b)
and with buying price of PV energy 0.065 €/kWh (c)

The results show that the buying price of PV en-
ergy has no significant effect on the investment
according to Scenario 1, which is explained by
the low amounts of excess (sold) energy. Accord-
ing to the expectations the increase in the price
of the conventional energy could significantly re-
duce the payback times of the investment.

The initial investment for Scenarios 2 is 3000
€ and the ROI with the current prices, with in-
creased conventional energy price (0.20 €/kWh)
and with reduced buying price of PV energy
(0.065 €/kWh) is 250%, 322% and 199% respec-
tively. For the three cases the NPV reaches 0 €
during the 9th year, 7th and 11th year respec-
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tively, and the price at the end of the 25 year
period reaches 6738 €, 9515 € and 4723 € re-
spectively (Figure 8).

In this situation the increased amount of excess
energy makes the buying price of PV energy an
important risk factor, which could significantly in-
fluence the payback of the investment.

The ecological effect from the investment ac-
cording to Scenario 1 and 2 have been estimat-
ed re-spectively as 0.93 t CO2 and 1.13 t CO2
annually. If corresponding legislation is imple-
mented in Bulgar-ia, these savings could be an
additional form of income, however at the time
being there are no such op-tions.
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Figure 8: NPV for Scenario 2 with the current prices (a), with price of conventional energy 0.20 €/kWh (b)
and with buying price of PV energy 0.065 €/kWh (c)

The percentile CO2 reductions for the two sce-
narios according to Equation (14) are 35.3% and
42.3% respectively, which is a significant reduc-
tion, considering only the consumed PV energy
is ac-counted in the equation.

CONCLUSION

In the present study a cost-benefit analysis has
been performed on a PV system investment in a
common apartment or a small house. The analy-
sis was performed using experimental data for
one year period, including the mean daily energy
consumption for each month of the year and the
mean hourly en-ergy production from 1 kW in-
stalled power in the city of Ruse (Bulgaria) for
the different months of the year.

Next the benefits of two types of investment were
estimated for 1 kWp and 2 kWp PV power-plant.
In the first scenario some amounts of excess en-
ergy were available during the summer months,
while in the second there is a significant excess
energy. If the current prices of energy in Bulgaria
are used, in both cases the investment will pay
back on the 8" to 9" year and the ROI will be
around 250%.

Two risk factors were analysed. The increase in
the price of conventional energy has slightly high-
er impact on the first scenario. The decrease in
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the buying price of PV energy on the other hand
significantly increases the payback period for the
second scenario and has little impact on the first
scenario. Considering the enormous amount of
installed PV power in Bulgaria, the buying price
of PV energy is expected to further drop in the
near future. That is why the risk for the invest-
ment financial benefits could be lowered if the
PV plant is well sized so that it doesn’t generate
a lot of excess energy.

Another benefit from the investment are the saved
CO2 emissions, which are approximately 1t CO2
annually for both scenarios. This could be an ad-
ditional form of income if appropriate legislation is
introduced. The obtained results show that pro-
moting PV sources for own needs in residential
houses could be a viable solution for reducing the
conventional energy consumption in Bulgaria and
decrease the energy dependency.
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