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Abstract - The aim of this paper is to find an optimal size of different components of an off-grid PV system in the HOMER software with

different types of batteries (lead-acid batteries and lithium-ion batteries). The proposed model shows the optimal size of the off-grid PV

system for a holiday cottage with regard to eligibility criteria for various types of batteries and the net present cost (NPC). The observed off-

grid PV system consists of PV modules, a load, a converter and batteries and it is modelled in the HOMER software. The load is modelled with

adaily load diagram for the holiday cottage. For lead-acid and lithium-ion batteries the optimal size of different components of an off-grid

PV system for five different scenarios (in respect of the price and life-time) is obtained. In addition, the optimal size of the presented model

with respect to different values of capacity shortage ranging from 0% to 5% is presented.

Keywords — HOMER, lead-acid battery, lithium-ion battery, off-grid PV system, optimization

1. INTRODUCTION

In the past few years, due to many various factors
such as global warming, energy security, constant im-
provements in technology and decreasing prices, the
PV sector is rapidly expanding. According to the IEA,
2016 was characterized by an enormous growth of the
PV market and the global PV market installed almost
76 GW of capacity worldwide, so cumulative installed
capacity by solar installations reached almost 303 GW
by the end of year 2016 [1]. This installed capacity is re-
lated to grid-connected PV systems.

PV technology has versatility and flexibility for devel-
oping off-grid electricity systems and it is ideal for the
areas where grid connections are not accessible, such
as remote areas, holiday cottages, etc. According to
[2], PV systems have become standard in areas where
there is no access to the electricity network (cottages,
etc.). This type of a stand-alone PV system consists of
PV modules, a load, a converter and batteries, but it
also entails a fossil fuel generator connected for back-
up purposes.
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The overall goal of designing an off-grid PV system
is the estimation of consumption and solar potential.
During solar system design, one of the main factors is
solar radiation data at specific locations [3]. According
to [4], there is always a challenge for the researcher to
improve the performance of the solar PV system to
achieve maximum solar radiation. According to [5], to
make PV systems maximally efficient, it is important
to consider all the influencing factors when designing
a system. After identifying the needs of the user and
solar potential, it is important to provide maximum ef-
ficiency, flexibility and reliability with optimum costs
of system application. To achieve this goal, it is most
crucial to have stable energy access so the installation
of energy storage units is required. While designing an
optimal off-grid PV system, the crucial first point is to
consider battery sizing, given that it is one of the main
cost components in typical off-grid PV-based residen-
tial energy systems [6]. However, in the past few years,
due to constant improvements in solar technologies,
the prices of all PV components have declined, which
has led to the lower initial cost of solar batteries. In or-
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der to provide cost analysis of an off-grid PV system,
the total cost of the system needs to be calculated and
all the expenses to incur over the life of the system
expressed in today’s money needs to be included [7].
For residential applications, according to [8], the actual
prices for battery storage units range between 100 and
250€/kWh for lead-acid batteries (LAB), and between
200 and 750 €/kWh for lithium- ion batteries (LIB).

Considering the important role energy storage sys-
tems have in the feasibility of the complete PV model
design, in the last decade particular attention was paid
to the development of a safer storage solution regard-
ing battery management [9]. Comparison of off-grid
power supply systems using lead- acid and lithium-ion
batteries is presented in several research papers [10-
12]. By late 2015, several manufacturers such as Tesla
Motors, NEC and Panasonic, introduced their improve-
ments in energy storage devices to the PV sector [13].

A true advancement in storage technology can be
seen in lithium-ion batteries that have almost replaced
widely used lead-acid batteries. Although they are
more advanced and revolutionary, lithium-ion bat-
teries have not entirely replaced lead-acid batteries.
It can be assumed that the main reason for choosing
lead-acid batteries instead of lithium-ion ones is their
substantially lower initial investment. Current market
prices show that the initial cost for lithium-ion batteries
can be up to six times higher than for lead-acid batter-
ies, which in many cases may act as a deterrent to pur-
chasing this type of battery [14]. If the price is excluded,
the domination of lithium-ion batteries is indisputable.
When comparing these two types of batteries, it is evi-
dent that it is a one-way street, because for the same
duration, lead-acid batteries can only be discharged to
half of their capacity, while lithium-ion batteries can be
discharged up to 80% of their capacity, and in that case
they will not be damaged [15]. If both types of batter-
ies were connected to the same load and required to
supply the load in the same amount of time, the lead-
acid battery should be twice as large in terms of capac-
ity and four times as heavy [14]. However, in the end,
investors will decide which type of battery is more ac-
ceptable for them.

The purpose of this paper is to present the optimal
size of different components of an off-grid PV system
in the HOMER software as well as different types of bat-
teries. The proposed model will show the optimal size
of the obtained off-grid PV system for the holiday cot-
tage with regard to eligibility criteria for various types
of batteries and the net present cost (NPC).

2. INTRODUCTION

An off-grid PV system for a holiday cottage that does
not have access to a grid but needs an alternative pow-
er source is discussed in this paper. This simplified PV
model consists of basic components: PV modules, a
converter, batteries and an electrical load (Fig. 1.)

AC DC

Electric load PV

O

Fig. 1. A simplified off-grid PV model

The observed off-grid PV model will be tested with
respect to different types of batteries and optimized in
the HOMER software. In this paper, an advanced HOM-
ER algorithm called the HOMER Optimizer will be used.
To start the optimization of an off-grid PV system in the
HOMER Optimizer, it is sufficient to enter the follow-
ing data: electrical load values, purchase costs of all PV
components and the amount of sun radiation reach-
ing the Earth’s surface on a horizontal surface for the
observed location. According to those parameters, the
HOMER Optimizer finds the least-cost combination of
all components, also as the optimum size and power
thereof to meet the electrical load. The HOMER Opti-
mizer will provide the most economically viable op-
tions regarding all PV components and classify those
options regarding the net present cost [16].

For this purpose, two types of batteries will be used,
i.e. a lead-acid battery and a lithium-ion battery. The
initial intent was to use the third type of battery - VRB;
however, HOMER does not support all necessary data
pertaining to this type of battery. This model will be
based on fixed 2 % O&M costs of the complete system.
Table 1 presents the main characteristics and differenc-
es of those two types of batteries. The characteristics
were taken from the HOMER software, specifically the
characteristics for a generic lead-acid 1 kWh battery
and a generic lithium-ion 1 kWh battery.

The battery price range is defined according to [8]
for both types of batteries and, as can be seen in Table
2, the purchase cost can vary. However, in the model
obtained for the optimization only limited values (the
lowest and the highest price) of battery prices will be
used for both types of batteries. Apparently, the price
of a lithium-ion battery will be more than three times
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higher than the price of a lead-acid battery. This im-
plies that the investment in an off-grid PV system with
a lead-acid battery will cost less than the investment
in a PV system with a lithium-ion battery. In this paper,
we will try to find out whether lithium-ion batteries are
beneficial in the long run.

Table 1. Comparison of a lead-acid 1 kWh and a
lithium-ion 1 kWh battery

Modified kinetic battery model Lea:;;;id 1 Li'-(ivov: 1
Nominal Voltage (V) 2 3.7
Nominal Capacity (kWh) 1.03 1.02
Maximum Capacity (Ah) 513 276
Capacity Ratio 0.611 1
Rate Constant (1/hr) 1.09 1
Effective Series Resistance (ohms) 0.000596 0.00036
Other round-trip losses (%) 15 8
Fixed bulk temperature (C) 20 20
Maximum Operating Temperature (C) 55 60
Minimum Operating Temperature (C) -20 0
Maximum Charge Current (A) 167 270
Maximum Discharge Current (A) 500 810

The purchase cost of PV panels and converters is con-
sidered according to [17] and in the model obtained for
the optimization problem the average price of the pur-
chase cost for PV panels and converters will be used.
The purchase cost for PV panels is based on the aver-
age market price of different PV panel producers with
equivalent characteristics as well as the purchase cost
for converters based on the average market price of
different converter producers with equivalent charac-
teristics.

Table 2 presents the prices of all PV components that
will be used in the obtained model.

Table 2. PV component prices

Component €/kwW €/kWh
PV Panel 613-1300 =
Battery Lead-Acid - 100-250
Battery Li-lon - 200-750

Converter 111-590 -

According to [8], when battery lifetime of those two
types is considered, lead-acid batteries typically oper-
ate for 5 to 15 years, while lithium-ion batteries can op-
erate for 7 to 20 years. To find an optimal size of differ-
ent components of the observed system, it is necessary
to define the project lifetime. Given the typical lifetime
of PV panels that is estimated at 20 years, the invest-
ment period is also set for the 20 years period for the
purposes of this model [7].

The first step in modeling an off-grid PV system is
to define an electrical load for the proposed holiday
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cottage. To determine the load diagram for model op-
timization, the data provided, pertaining to an electri-
cal load, were measured in a house in Osijek. Measure-
ments were conducted every 10 minutes during 24
hours for a period of 7 days. The average value of all
samples taken every 10 minutes per hour was calculat-
ed by means of the HOMER software, which allows the
user to enter data regarding the average hourly load.
In this test, hourly values of 10 minutes are obtained
and to provide one year of hourly load data it is as-
sumed that a 7-day diagram is the same for each week
throughout the whole year. An electrical load table for
the observed model is presented in Figure 2.

Fig. 2. Electrical load table from HOMER

The electrical load diagram is presented in two differ-
ent sections: a weekday load diagram shown in Figure
2 and a weekend day load diagram shown in Figure 3.
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Fig. 3. Weekday load diagram
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Fig. 4. Weekend day load diagram

The second step in the process of modeling an off-
grid PV system is to know the amount of sun radiation
reaching the Earth’s surface on a horizontal surface for
the observed location. This value is called GHI (global
horizontal irradiance) and it is of particular interest in
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PV installations. In the case of the PV model presented
in this paper, the GHI value is taken from the PV system
that provides information from most popular and reli-
able sources, such as Meteonorm, NASA-SSE, Solar GIS,
PVGIS, Helioclim-1 and RETScreen [18] that collect data
in monthly values. The optimal size of the observed
model is performed according to data for the daily ir-
radiance profile taken from the PVGIS, which are calcu-
lated on a 10-year period (2007-2016, including both
years) throughout months and the obtained average
daily radiation (kWh/m2/day) is used in HOMER simu-
lation. A solar radiation database used in the optimal
size of the observed model is based on the model algo-
rithm that estimates beam, diffuse and reflected com-
ponents of the clear-sky and real-sky global irradiance/
irradiation on horizontal or inclined surfaces and the
total daily irradiation is computed by the integration
of irradiance values calculated at regular time intervals
over the day [18].

Besides GHI, for PV production it is also important to
define the panel tilt angle. The variation of solar dec-
lination can be calculated by means of the following
equation [5]:

5 = 23.45sin (32 (284 + N)) (),

where N is a day in a year.

By=90"—-L+ 6 ),

where (3 is the elevation angle and L is the latitude.

Using equations (1) and (2), the panel tilt angle is cal-
culated for the location in Osijek. According to previous
calculation, the panel tilt angle used in the simulation
is 33°, which is the most optimal angle for PV panels for
the Osijek location.

Table 3 shows data about GHI based on kWh/m2/day
taken from the PV system used in the HOMER software
for the obtained location on a monthly basis.

Table 3. GHI (kWh/m2/day) for the observed location

Months GHI (kWh/m2/day)
January 1.09
February 1.89
March 2.70
April 3.67
May 5.02
June 531
July 5.56
August 4.92
September 3.59
October 222
November 1.24
December 0.91

3. CASE STUDY

In this case study, five scenarios (A, B, C, D, and E)
related to the battery price and lifetime of both types
of battery (lead- acid and lithium-ion battery) will be
examined. Scenario “A” is based on the lowest prices of
both types of batteries and their longest lifetime. Sce-
nario “B” is made to the lowest price and the shortest
lifetime of both types of batteries. Scenario “C" is de-
signed in respect of the highest price and the shortest
battery lifetime for both types of batteries, while Sce-
nario “D" is based on the highest price and the longest
battery lifetime. The last scenario, i.e. scenario “E’, is
made with respect to average battery parameters, i.e.
the average battery price and lifetime for both types
of batteries.

Simulation results were obtained by means of the
HOMER software. The results are based on the afore-
mentioned scenarios derived from changes in the bat-
tery parameters. All input parameters regarding the
load, PV modules and the converter are the same in all
five scenarios, while battery prices and lifetime have
changed from case to case.

This system optimization attempts to address two as-
pects relevant to the observed model. The first aspect is
the optimization of system components based on the
input data: the electrical load profile for weekdays and
weekend days and the GHI. Based on those input data,
the HOMER software configures the observed system
to be the most optimal taking into consideration the
size and quantity as variables. Two key steps in model-
ing an off-grid PV system are previously described in
Section 2.

Before displaying the results, it is necessary to pro-
vide explanations to the following terminology that
will allow the reader to interpret them.

Storage bank autonomy (Autonomy) is the ratio of
the storage bank size to the electric load which HOMER
calculates by using the following equation [19]:

NbattvnomQnom(l_%)(z‘l'h/d) (3)

Apatt =
“ Lprim,ave(1000Wh/kWh)

Storage throughput (Throughput) is the amount of
energy that cycles through the storage bank in one
year. Throughput is defined as the change in the ener-
gy levels of the storage bank, measured after charging
losses and before discharging losses and this value is
used to calculate the life of the storage bank [19].

The second aspect relevant to the observed model
is from the point of view of cost analysis. Cost analysis
for the observed model is based on the purchase cost
for all system components. Purchase costs of x and x
are the same in all scenarios just like in the case of the
project lifetime. However, purchase costs and battery
lifetime have changed from case to case. Two battery-
related variables are most important in model optimi-
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zation and their variation has a greater impact on the
following terms:

The net present cost (NPC or the life-cycle cost) is the
present value of all costs of installing and operating all
components over the project lifetime minus the pres-
ent value of all revenues it earns over the project life-
time that can be calculated for each component in the
system or for the system as a whole [19].

Operating cost is the annualized value of all costs
and revenues other than the initial capital costs. HOM-
ER uses the following equation to calculate the operat-
ing cost [19]:

Coperating = Cann,tot - Cann,capr (4)
where:
C, e = the total annualized cost [$/yr],
C = the total annualized capital cost [$/yr].

ann,cap

The initial capital cost (IC) of a component is the total
installed cost of that component at the beginning of
the project.

For a battery as a component in a PV system, it is
necessary to explain the following term: SOC (the state
of charge) is the total amount of energy currently con-
tained in the storage bank, measured in kWh [19]. SOC
used for constraints in the optimization problem is de-
fined in advance and taken from the HOMER software
so the initial SOC (the maximum capacity of the battery
bank or when the batteries are fully charged) is 100 %
and the minimum SOC (the relative state of charge be-
low which the battery bank is never drawn) is 20 %.

3.1. SCENARIO“A” RESULTS

Simulation in scenario “A” is based on the lowest price
of batteries (100 €/kWh for a lead-acid battery and 200
€/kWh for a lithium-ion battery) and the longest battery
lifetime (15 years for a lead-acid battery and 20 years for
a lithium-ion battery) that is the most ideal case from
the investor point of view. As this system optimization is
observed depending on two different types of batteries
and the 20 years project lifetime, the crucial issue for the
investor is the final cost of investment.

Table 4 shows scenario “A” results obtained in the
HOMER software. In scenario “A”, when installing lithi-
um-ion batteries, the initial cost is 2,799 € higher than
the initial cost in the case of lead-acid batteries, but in
the end the investment will be more profitable in the
case of installing lithium-ion batteries because of their
replacement, as lithium-ion batteries will not be need-
ed to be replaced during the project lifetime. Lead-
acid batteries will be needed to be replaced 15 years
later and their replacement cost will amount to 8,600
€, which is a 5,801 € higher investment, without taking
into account O&M costs.
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Case

LAB

LIB

Case

LAB
LiB

PV
(kW)

10.2
10.4

NPC
(€)

20,840
21,838

Table 4. Scenario “A” results

Converter
(kW)

3.34
4.11

IC (€)

19,016
21,815

Battery

Autonomy
kWh (hrs)
86 m
55 94.9
Operating (€)
159.00
2.00

Annual
Throughput
(kWh)

1.935
1.821

Battery
replacement
cost (€)

8,600
0.00

3.2, SCENARIO“B” RESULTS

Scenario “B” simulation is based on the lowest price
of batteries (100 €/kWh for a lead-acid battery and 200
€/kWh for a lithium-ion battery) and the shortest bat-
tery lifetime (5 years for a lead-acid battery and 7 years
for a lithium-ion battery), which represents the most
adverse case from an investor point of view. Table 5
shows scenario “B" results obtained by the HOMER soft-
ware. In this scenario, the initial cost is 2,138 € higher
in the case of installing lithium-ion batteries instead of
lead-acid batteries. As the project lifetime is 20 years,
the costs in the case of installing lead-acid batteries
would increase to 41,396 € or to 42,234 € in the case
of installing lithium-ion batteries. It can be concluded
that in this scenario the final cost will be higher in the
case of installing lithium-ion batteries.

Table 5. Scenario “B” results

Battery
PV Converter A 1
C nnua
ase (kw) (kw) kWh Gl Throughput
(hrs) (KWh)
LAB 13.1 3.25 71 91.9 1.857
LIB 12.1 3.78 50 86.3 1.774
NPC Battery
Case © IC (€) Operating (€) replacement
cost (€)
LAB 32,235 20,096 1,069 21,300
LIB 32,885 22,234 928.61 20,000

3.3. SCENARIO“C"” RESULTS

Scenario “C” simulation is based on the highest price
of batteries (250 €/kWh for a lead-acid battery and
750 €/kWh for a lithium-ion battery) and the shortest
battery lifetime (5 years for a lead-acid battery and 7
years for a lithium-ion battery). Table 6 shows scenario
“C"results obtained by means of the HOMER software.
This scenario shows that the initial cost will be 11,643
€ higher in the case of installing lithium-ion batteries.
Because of a shorter battery lifetime, both types of
batteries need to be replaced several times during the
project lifetime and finally it is apparent that the case
with lithium-ion batteries is 13,893 € more expensive.
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Table 6. Scenario “C" results

Battery
PV Converter
C Annual
ase (kw) (kw) kWh Autonomy Throughput
(hrs) (kWh)
LAB 29.4 4.02 39 50.5 1.674
LIB 36 33 21 36.2 1.550
NPC Battery
Case IC (€) Operating (€) replacement
(€)
cost (€)
LAB 54,517 37,696 1,467 29,250
LIB 66,101 49,339 1,461 31,500

3.4. SCENARIO“D” RESULTS

Scenario “D” simulation is based on the highest price
of batteries (250 €/kWh for a lead-acid battery and 750
€/kWh for a lithium-ion battery) and the longest battery
lifetime (15 years for a lead-acid battery and 20 years for
a lithium-ion battery). Table 7 shows scenario “C” results
obtained from the HOMER software. Similarly to the pre-
vious scenario, scenario “D” also represents higher initial
costs when lithium-ion batteries are installed (the initial
costis 15,657.11 € higher), but when observing the proj-
ect in terms of its cost referring to the lifetime period of
20 years and a requirement to replace batteries, then the
cost in the case of lead-acid batteries will be higher than
the one with lithium-ion batteries.

Table 7. Scenario “D” results

Battery
PV Converter A I
Case nnua
(kw) (kw) kWh Ll Throughput
(hrs) (kWh)
LAB 14.7 4.85 66 85.5 1.825
LIB 25.6 4.45 30 51.8 1.602
NPC Battery
Case IC (€) Operating (€) replacement
(€)
cost (€)
LAB 34,952 31,474 303.22 16,500
LIB 47,154 47,131 2.00 0.00

3.5. SCENARIO“E"” RESULTS

It is hard to provide the exact battery lifetime, unless
the battery producer ensures the product guarantee
that is directly related to the battery lifetime. It can
hard be expected that any battery producer will offer a
20 year guarantee for lithium-ion batteries or a 15 year
guarantee for lead-acid batteries, so the last scenario in
this paper shows the results based on the most likely
case, i.e. the average value of both the battery price
and the battery lifetime for both types of batteries.

Scenario “E” simulation is based on average battery
prices (175 €/kWh for a lead-acid battery and 475 €/
kWh for a lithium-ion battery) and the average battery
lifetime (10 years for a lead-acid battery and 13.5 years
for a lithium-ion battery). Table 8 shows that in this case

the initial costs in the case of lithium-ion batteries will
be 11,449 € higher than the initial costs in the case of
lead-acid batteries.

Table 8. Scenario “E" results

Battery
PV Converter
Case Annual
(kw) (kw) kWh Autonomy Throughput
(hrs) (kWh)
LAB 124 3.61 74 95.8 1.875
LIB 174 4.64 41 70.7 1.678
NPC Battery
Case IC (€) Operating (€) replacement
(€)
cost (€)
LAB 32.627 25,373 632.45 12,950
LIB  42.565 36,822 500.68 19,475

The initial costs and replacement costs during the
battery lifetime for both types of batteries based on
scenario “E” are presented in Figure 4. The initial cost
in scenario “E” for lead-acid batteries is 25,373 €, while
the initial cost for lithium-ion batteries is 36,822 €. This
represents a major difference of 11,499 €.

As the project lifetime is 20 years, it can be concluded
that the replacement cost in the case of installing lead-
acid batteries would be exactly at midterm, which means
that the additional investment amounting to 12,950 €
would be unavoidable. Given the project lifetime, i.e. 20
years, it is evident that the replacement cost would have
to be covered at midterm. This means that an additional
investment, estimated at 19,475 €, would be unavoidable.
Finally, the total investment cost, without O&M costs, will
be 38,323 € and 56,297 € in the case of lead-acid batteries
and in the case of lithium-ion batteries, respectively. The
difference in the total investment cost is quite evident and
itis 17,974 € higher if lithium-ion batteries are installed.

3.5. CAPACITY SHORTAGE

A capacity shortage is a shortfall that occurs between
the required operating capacity and the actual amount
of operating capacity the system can provide. HOMER
keeps track of such shortages and calculates the total
amount that occurs over the year [19].

The optimal size of different components of the pre-
sented model will be shown in this paper. Furthermore,
different values of capacity shortage ranging from 0%
to 5% will also be illustrated.

This optimization of the proposed model in regard
to the capacity shortage is presented only in scenario
“E", because it appears to have the highest reliability
rate of all other scenarios. When the capacity shortage
is observed, it is obvious that, even when the financial
aspect is not taken into account, all other aspects are
also in favor of LAB.

In this simulation, it is apparent that only the number
of batteries of the system that should be invested is in
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favor of LIB. In the case of a limited storage area, LIB
would be a better option for the investor. Besides the
number of batteries that is significantly higher in the
scenario with LAB, those batteries are also heavier and
significantly larger in dimensions than LIB, which also
represents one of the main space-related issues when
it comes to their accommodation.

Table 9. Capacity shortage for LAB

. Battery
:::::;‘; PV Converter Annual
o (kw) (kw) kWh Autono- Throughput
(%) my (hrs)
(kWh)
LAB 0% 135 3.27 70 90.6 1,850
LAB 1% 154 4.28 47 60.9 1,782
LAB 2% 12 3.39 46 59.6 1,817
LAB 3% 1.9 3.07 39 50.5 1,784
LAB 4% 1.7 3.14 34 44.0 1,759
LAB 5% 1.4 3.74 29 37.6 1,728
Capacity NPC
Shortage IC (€) Operating (€)
(€)
(%)
LAB0% 32414 25,550 598.37
LAB 1% 28,219 23,603 402.42
LAB 2% 24,566 20,048 393.90
LAB 3% 22,477 18,643 334.26
LAB4% 20,947 17,602 291.67
LAB 5% 19.567 16,710 249.07
45.000
40.000 -
35.000 -
— 30.000 -
§ 25.000
% 20.000
o
© 15.000
10.000 -
5.000 -
0
0,00% 1,00% 2,00% 3,00%  4,00% 5,00%
Capacity Shortage [%]
NPC[€] mIC[€]

Fig. 5. Diagram NPC and IC cost depending on
Capacity Shortage for LAB
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25.000
5 4+
E 20.000
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o
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5.000
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Capacity Shortage [%]
NPC[€] ®IC[€]

Fig. 6. Diagram NPC and IC cost depending on
Capacity Shortage for LIB

Volume 9, Number 1, 2018

As shown in figures 5 and Fig 6, an increase in the
values of the capacity shortage has affected the ini-
tial cost and the NPC in accordance with intuitive un-
derstanding. The different capacity shortage related
results range between 0% and 5%. Their effect on all
other parameters of the proposed system can be seen
in tables 9 and 10 for both types of batteries.

Table 10. Capacity shortage for LIB

. Battery
:ﬁg::;’; PV Converter Annual
(%) (kw) (kw) kWh :::;ta:_ :; Throughput
(kWh)
LAB 0% 17.4 4.64 41 70.7 1,678
LAB 1% 19.8 3.35 24 414 1,620
LAB 2% 15.0 3.29 25 43.1 1,650
LAB 3% 1.3 3.14 26 44.9 1,696
LAB 4% 10.8 298 23 39.7 1,681
LAB 5% 1.1 3.12 19 328 1,642
Capacity NPC
Shortage © IC (€) Operating (€)
(%)
LAB0% 42,565 36,822 500.68
LAB 1% 33,840 30,469 293.91
LAB 2% 30,069 26,558 306.07
LAB 3% 27,314 23,664 318.24
LAB 4% 24,958 21,727 281.75
LAB 5% 22.785 20,111 233.10

4. CONCLUSION

In this paper, we present the optimal size of differ-
ent components of an off-grid PV system for two types
of batteries in the HOMER software. Optimization and
comparison of results are based on lead-acid and lithi-
um-ion batteries. Four scenarios with limited values re-
garding the battery price and lifetime with any possible
combination are presented. It is important to note that
these four scenarios cannot be broadly applied and
can only be applied in a laboratory environment. In or-
der to acquire the most realistic results, an additional
simulation scenario with an average value of the bat-
tery price and lifetime is set. In PV systems where the
mobility is not required or there are constraints regard-
ing the storage area, when choosing the battery type,
despite better characteristics of lithium-ion batteries,
price plays a key role.

Scenario “A” seems to be the least realistic scenario
due to the given producer warranty of 20 years for LIB
or of 15 years for LAB. However, due to the 20-year proj-
ect lifetime, this scenario is in favor of installing LIB be-
cause in this case it will not be necessary to replace LIB
and simulation has shown that the model with LIB will
be more profitable due to a 5,801 € lower initial invest-
ment in comparison to the model with LAB.

Scenario “B”is more likely and more realistic scenario
in comparison to all other scenarios and simulation re-
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sults show that the model with LAB is more profitable
due to an 838 € lower initial investment in comparison
to the model with LIB.

Scenario “C” results, based on the highest battery
prices and the shortest battery lifetime, show that
the model with LAB is more profitable due to an even
13,893 € lower initial investment in comparison to the
model with LIB.

Scenario “D" is also not so realistic due to the given
producer warranty of 20 years for LIB or of 15 years
for the LAB. From the first point of view, this scenario
should be in favor of the model with LIB, but the re-
sults show in the end that the model with LAB is more
profitable due to an 843 € lower initial investment in
comparison to the model with LIB.

The scenario with average values of input parameters
has shown that the initial costs of lithium-ion batteries
are still very high compared to the initial costs of lead-
acid batteries. The total investment cost in the case of
installing lithium-ion batteries increases dramatically,
especially because of their high replacement costs, and
it is 17,974 € higher in comparison to the model with
LAB, which represents a huge difference in the final in-
vestment cost which is already rather high.

The four observed scenarios are determined with
the exact input parameters and, as such, they can be
applied only in those cases, while with average values
scenario “E” can be taken as a guide to choosing a dif-
ferent type of batteries.

When it comes to battery prices, they may vary from
producer to producer for the same type of batteries.
However, it is hard to provide the accurate battery life-
time and the best way to choose the battery type is to
follow the guidelines set out by the producer guarantee.
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