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Abstract: Inthis paper, an off-grid hybrid energy system consisting of micro run-of-river hydro-power plant,
photovoltaic system, wind turbines, diesel generator as a back-up power source, batteries and converters is studied. The
objective of this research is to obtain the cost effective configuration of the system, which will meet consumption
demands, respecting the total net present costs. HOMER software is used to simulate the system and to determine the
most appropriate combination of renewable energy resources. Sensitivity analysis is also performed in order to examine
how the average annual wind speed, average annual solar radiation and the fuel price will affect the configuration of
the system. At the end the emissions analysis of the verious types of the hybrid energy system is also carried out.
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ONITUMU3AIINJA HA XUBPUJAEH EHEPTETCKH CUCTEM CO HUHTEI'PUPAHU
OBHOBJ/IMBU U3BOPU HA EHEPI'MJA

AmnmcTpakT: Bo TpysoT e nmpOy4dyBaH H30JIMpaH XMOPUICH CHEPreTCKH CHCTEM COCTAaBEH O]l MUKPOIPOTOYHA
XHZIPOCNEKTPUYHA IIEHTpaja, pOTOBONTANYEH CUCTEM, BETEPHU TypOHHH, AU3eI-TeHepaTop Kako pe3epBeH H3BOp HA
€JICKTPHYHA €HEePrija, aKyMyJIaTOPCKH OaTepuu u koHBepTopH. LlenTa Ha oBa HCTpakyBame € Ja ce 100He ONTHMAaIHA
KOH(Urypaiyja Ha CUCTEMOT KOj Ke T 3aJJ0BOJIM IOTpeOUTe Ha MOTPOIIYBAUUTE U Ke OuJle ONTHMAJICH Off aCleKT Ha
ceranrHuTe BKynmHU Heto Tporoiw. Ce kopuctu coptepor HOMER 3a cumynupame Ha CHCTEMOT U 3a yTBpAyBame
Ha HajCOO/BETHAaTa KOMOHMHAIMja HA OOHOBIMBY U3BOPH Ha eHepruja. [IcTo Taka e crpoBe/ieHa CeH3UTHBHA aHAIU3a
3a J]a ce UCIIMTA KaKo MPOCeYHaTa ro/IuIHa Op3UHA Ha BETEPOT, POCEYHOTO TO/IMIITHO COHYEBO 3pauee U IIeHaTa Ha
TOPHBOTO BIIMjaaT Ha KOH(HTypalyjaTta Ha CHCTeMOT. Ha KpajoT € W3BpIIeHa aHalM3a Ha EMHCHHTE 32 Pa3iIHIHU
THUIOBH XUOPUHU CHEPTETCKN CHCTEMH.

Kiyunu 360poBH: XHOpU/ICH SHEPTETCKU CHCTEM; COJIapPEH; BETEPEH; XUAPOCHEPIeTCKU PeCype; ONTHMHU3ALIN]a;

CeralrHy HETO TPOIIOoIH

INTRODUCTION

Hybrid renewable energy system (HRES) is a
combination of different power generation capaci-
ties that used renewable resources such as wind, hy-
dro, solar, biomass, hydrogen fuel, with fossil fuel
powered generator connected together to feed pow-
er to the local load/grid. One of the main problem is
the stochastic nature of solar and wind energy reso-
urces. So, hybrid renewable energy system gen-
erally consists of a primary renewable power gener-
ation capacity(ies) working in parallel with a
standby secondary non-renewable power generation

component and storage units and in such configura-
tion can alleviate the issues associated with rene-
wable uncertainties and fluctuations. Hybrid energy
systems with integrated renewable power generati-
on capacities can be independent of large
centralized power grids and can be used in remote
areas.

Access to electricity is important concern for
people without access to the electrical grid, the ma-
jority of which live in rural areas. Supply of elec-
tricity through grid is financially unviable or practi-
cally infeasible, particularly if the areas are remote
and sparsely populated. One of the major challenges


https://doi.org/10.51466/JEEIT2161181005np
mailto:nsofija@feit.ukim.edu.mk

6 S. Nikolova-Poceva

is to provide reliable and cost effective services. To
select the site for hybrid power source, many factors
are considered which are dependent on a combina-
tion of load demand, cost of energy storage, sea-
sonal availability of energy sources, site topography
and delivery, seasonal energy requirements etc. [5].

When designing hybrid energy system, off-
grid or grid-connected, it is necessary to decide
about the configuration of the projected system.
This includes deciding on the following questions:
what type of technologies will be used for energy
generation? Which components will be part of the
system? How many, what size and with what char-
acteristics will be the used components? The large
number of alternative technologies, the differences
in technology costs as well as the energy resources
availability make the decision itself difficult.

When designing a HRES, we have to consider
its components’ performances. The main goal is to
have a better performance with reduced costs.

Different objectives can be considered when
optimizing a system’s design. Optimization meth-
ods and techniques can help to solve complex prob-
lems.

The economic feasibility of standalone hybrid
renewable energy system to meet the electrical load
requirements has been investigated. In order to de-
termine the configuration of the system that will
meet the needs of consumers, and as a design solu-
tion that will meet the requirements of the investor,
the software tool HOMER is used [10].

HOMER's optimization and sensitivity analy-
sis algorithms make it easier to evaluate the many
possible system configurations [11].

RELATED WORK

Much research has been done regarding the hy-
brid energy systems integrating capacities on re-
newable energy sources (e.g. wind turbines, photo-
voltaics, hydroturbines, fuel cells, etc.) with diesel
generators and storage devices, and emits low car-
bon and other pollutant gases.

In [1], focus was given on hydrogen-based hy-
brid energy systems as an emerging technology for
use in stand-alone applications in St John’, New-
foundland. Various energy sources (wind, solar, and
diesel generator) and storage systems (battery and
electrolyzer—tank) were considered in this analysis.
NREL’s optimization tool HOMER was used in
identifying probable hybrid configurations and their

applicability. In [2], the authors proposed an opti-
mization method to manage the optimal energy
management of the PV-wind-diesel-battery hybrid
system with respect to both economic benefits and
its reliability. The Dynamic Programming approach
was used to establish the optimal schedule of power
sources. This method can minimize the operation
cost of the hybrid system and CO, emission while
satisfying the technical conditions such as reliabil-
ity, safety, etc. in scenarios with the different initial
states of charge.

A study carried by [3] evaluated the energy
costs of hybrid energy systems with different gener-
ator schedules in powering base transceiver stations
in Nigeria. A load range of 4 kW to 8 kW was con-
sidered using: (i) an optimized generator schedule;
(ii) forced-on generator schedule and (iii) the gener-
ator-only schedule. Gelma in [4] described the de-
sign information of solar PV and wind turbine hy-
brid energy system to provide electricity to a model
community of 100 households and health clinic and
elementary school. The study was started thru inves-
tigating solar and wind sources potentials of the area
of interest. The optimal simulation result showed
that PV/wind turbine/diesel generator/battery and
convertor configured system.

The authors in [5] investigated the economic
feasibility of hybrid energy systems (PV/wind/die-
sel/battery) to meet the load requirements of a villa-
ge Perumal Kovilpathy in Coimbatore, minimizing
the cost of energy and the CO, emission using
HOMER. The analysis results show that, among
three hybrid systems for supplying electrical re-
guirements, the most economical is the PV-diesel-
battery hybrid system. In [6] the authors present a
techno-economic evaluation of standalone hybrid
renewable energy system consisted of PV modules,
wind turbines, diesel generator, inverter and
batteries. The optimization design is worked out by
reducing the unit cost of energy for different case
studies and comparing the outcomes obtained by the
use of HOMER-Pro software.

Bekele and Palm conducted a feasibility study,
presented in [7], for a standalone solar/wind based
hybrid energy system to supply electricity for rural
areas in Ethiopia. This paper presented the simula-
tion of PV/wind/diesel and battery system to supply
electricity demand for 200 household’s model com-
munity. The paper showed the most cost efficient
combination from the hybridizing of diesel genera-
tor/battery and converter with no contribution of re-
newable sources fractions. It also presented other
cost effective combinations of diesel generator/PV
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and converter. Nasser Yimen et al. [8] proposed a
two-step methodology to optimize and analyze a
PV/wind/battery/diesel hybrid energy system to
meet the power demand of Fanisau, a remote and
off-grid village in northern Nigeria. In the first step,
the MATLAB was used to run simulations and op-
timize the system via the genetic algorithm with a
time interval of 1h over a year for the load demand
and energy output. Then, techno-economic and
emissions analysis was carried out in the second
step to compare the obtained optimized system to
the traditional modes of rural electrification in sub-
Saharan Africa.

OPTIMIZATION OBJECTIVES FOR HRESS

Various criteria are considered for optimal de-
sign and component sizing of HRESs. These criteria
can be broadly categorized as economic and tech-
nical. Economic criteria are used to minimize costs
of HRESs. Technical criteria include reliability, ef-
ficiency and environmental objectives to supply the
load demand of HRESs at desired reliability levels
with maximum efficiency and minimum green-
house gas emissions [9].

HRESs often times include higher capital costs
and lower operation and maintenance (O&M) costs
which require an optimization to determine the
compromise solution between the costs and bene-
fits. Cost optimization of HRESs includes minimiz-
ing energy cost, net present cost and any other costs
associated with such systems.

Some studies investigated minimizing lev-
elized cost of energy (COE) for HRESs. In paper [9]
are summarized the related research works, their ob-
jective functions, techniques in use for optimization
and their main findings.

Net present cost (NPC) of an HRES is defined
as the total present value that includes the initial cost
of the system components as well as the replace-
ment and O&M cost within the project lifetime. The
objective here is to minimize the NPC of HRESs. In
paper [9] are summarized the related research
works, their objective functions, techniques in use
for optimization and their main findings.

Other cost-related optimizations include mini-
mizing life cycle cost, levelized unit electricity cost,
annualized cost of the system, capital cost of the hy-
brid system, total cost of the system and average
generation cost. In paper [9] are summarized the
related research works, their objective functions,
techniques in use for optimization and their main
findings.
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Besides the cost optimization, technical objec-
tives can be also optimized when designing an
HRES. Technical objectives include, but are not
limited to, satisfying desired reliability levels based
on loss of power supply probability or loss of load
probability, minimizing cost/efficiency ratio, mini-
mizing carbon emissions and maximizing power
availability. In paper [9] are summarized the related
research works, their objective functions, tech-
niques in use for optimization and their main find-
ings.

METHODOLOGY

In this paper, the HOMER software was used
to simulate an off-grid hybrid renewable energy sys-
tem in order to obtain the optimal configuration of
the system. Techno-economic and emissions analy-
sis is carried out in the paper. The hybrid energy
system that is analyzed integrates micro run-of-river
hydropower plant, photovoltaic (PV) system, wind
turbines, diesel generator as a back-up power
source, batteries and converters. Sensitivity analysis
is also performed in HOMER in order to examine
how the average annual wind speed, average annual
solar radiation and the fuel price will affect the con-
figuration of the system.

Before performing the simulations, several
steps need to be realized. First it is need to define
the type of the system (combination of technolo-
gies) and its configuration (which components, how
many and with which characteristics would figure
in the model) and enter their respective input data.
Also, it is necessary to enter the data for the system
load, the energy resources availability over the ana-
lyzed time period, economic parameters, to define a
dispatch strategy and constraints which are condi-
tions the system must satisfy. If the emissions are
analyzed then it is necessary to enter the appropriate
input data.

Based on the input data, different system con-
figurations, or a combination of components, are
simulated and a list of feasible system configura-
tions sorted by net present cost is created.

The total net present cost is calculated by the
following relation [10]:

Cann,tot (1)

C =
NPC ™ CRF(i,Rpro))’

Where Cannitot IS total annualized cost ($/yr), i is
interest rate (%), Ruroj IS project lifetime (yr) and
CRF(i,N) is capital recovery factor given by:
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i(1+i)N
(A+i)N-1

CRF(i,N) =

(2)

Salvage value is the value remaining in a com-
ponent of the power system at the end of the project
lifetime. HOMER assumes linear depreciation of
components, meaning that the salvage value of a
component is directly proportional to its remaining
life. It also assumes that the salvage value is based
on the replacement cost rather than the initial capital
cost. This is expressed mathematically as [10]:

Rrem

2, (9) 3)
where Crep is replacement cost (3$), Reomp IS cOMpo-
nent lifetime (yr) and Rrem is the remaining life of

the component at the end of the project lifetime,
expressed by:

Ryem = Reom — (Rproj - Rrep): (yr),
where Ryep is the replacement cost duration (yr).

HOMER defines the levelized cost of energy
(COE) as the average cost per kwh of useful elec-
trical energy produced by the system. To calculate
the COE, HOMER divides the annualized cost of
producing electricity (the total annualized cost mi-
nus the cost of serving the thermal load) by the total
useful electric energy production. The equation for
the COE is as follows [10]:

Cann,tot—ChoilerEthermal
EprimactEprimpctEdestEsales

S= Crep

(4)

COE = , ($/kWh) (5)

where Choiler 1S boiler marginal cost ($/kWh), Etermar is to-
tal thermal load served (kWh/yr), Eprimac is AC primary
load served (kWh/yr), Eprimpoc is DC primary load served
(KWh/yr), Ege is deferrable load served (kWhiyr),
Egria,sates iS total grid sales (kwWh/yr).

20

SYSTEM DESCRIPTION

Photovoltaic systems, wind turbines and hydro
power plants may be integrated in the hybrid energy
system in areas where there are favorable conditions
for the use of wind, solar and hydroenergy re-
sources. However, due to the stochastic nature of so-
lar radiation and wind speed, diesel generators and
batteries are usually included in the system to ensure
a reliable supply to consumers. The batteries store
the excess electricity produced, while in adverse
weather conditions part of the consumption is satis-
fied by the previously accumulated electricity in the
batteries.

In this paper, an off-grid hybrid energy system
(Figure ) consisting of diesel generator, micro run-
of-river hydro power plant, wind turbines, photo-
voltaic system, batteries and converters will be
analyzed, which should satisfy the given load of
electricity. Lifetime of the project is 25 years, while
the interest rate is 6%. In the paper the emissions are
also analyzed.

Bl—f— 2| =
Hydra Primary Load 1
151 Kwhid

17 kM peak

Generic 10kW
s B
Generatar 1 Corwverter H@
S4k525P

AL oc

Fig. 1 - Schematic representation of the hybrid energy system
under consideration

Load data

Figure 2 presents the average daily load profile
in each month for the analyzed period.
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Characteristics of the components

PV system. The data of photovoltaic system
costs: capital costs (Cc), replacement costs (Cg),
operation and maintenance costs (Coem) are
presented in Table 1, [13]. The derating factor of the
photovoltaics is chosen to be 90%. Photovoltaics
are modeled with a fixed slope of placement.
Lifetime of the photovoltaics is 25 years.

Wind turbines. Generic 10 kW has been
selected as the type of wind turbine. The power
curve for these type of wind turbine is presented in
Figure 3. Lifetime is set to be 20 years. The hub
height is 15 m. The data of wind turbine costs are
given in Table 1 [14].

Output (kW)
@

Power
-

12 18 24
Wind Speed {mis)

Fig. 3. Power curve of generic 10 kW wind turbine

Micro run-of-river hydro power plant

Nominal power of the power plant is 11.9 kW.
Desigh flow rate is 30 I/s and the net head is 50 m.
Lifetime is 30 years. The data of the hydro power
plant costs are given in Table 1.

Diesel generator

There is a wide range of diesel generators that
can be applied. Different manufacturers provide dif-
ferent information which makes their comparison
difficult. The costs for this component are given in
Table 1. Lifetime is 12000 hours. The fuel price is
1.1 9/

Batteries

There are 5 types of storage models in
HOMER, [11]. For the considered system Surrette
4KS25P, a kinetic model of batteries, is chosen as
the battery type. 20 units of these batteries are con-
sidered. Table 1 presents the costs for this type of
batteries.
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Converters

Due to the need to adjust the voltage in the sys-
tem it is planned to have an inverter and a rectifier.
The inverter and rectifier have efficiency 90% and
88%, respectively. The costs for the converters used
are given in Table 1. 10 kW size of converter is con-
sidered.

Table 1.
Component costs
Quantity/ Size Ce Cr Coam
(kw) (6) $) | ©hyr
PV 1kw 2710 | 2300 54
Generic 10 kW 1 30000 | 25500 | 450
Micro HPP 11.9 kW 29750 | 16371 | 595
Diesel gen 1 kw 500 430 0.01
Battery 1 950 950 19
Converter 5 kw 1000 | 1000 15

Energy resources availability data

Solar energy as a resource is used for our location
with latitude 41.2048 and longitude 22.5801. Data for
solar radiation are taken from [12]. The average annual
solar radiation for the selected location is 6.09 kWh/m?/d.
Figure 4 shows the profile of the average daily solar
radiation in the individual months during a year.

Y

Daily Radiatien [kKWh/m2d)
ha

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Fig. 4. Profile of the average daily solar radiation in the
individual months

Figure 5 shows the average monthly wind
speed over a year for this location. The data of wind
speeds are measured at anemometer height 10 m.
According to the entered data, the average annual
wind speed in the considered case is 5.7 m/s. The
parameters of the weibull distribution are k = 1.99
and ¢ = 6.43 m/s. Figure 6 presents the Weibull dis-
tribution for the given input data of wind speeds.
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Fig. 5. Average monthly wind speed
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Fig. 6. Weibull distribution

The profile of the average monthly stream flow
over a year for this location is presented in Figure 7.
The average annual stream flow is 15.9 I/s.
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o

]
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Stream Flow(Liz)
z 2
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il

0 Jan  Feb Mar  Apr May Jun  Jul Aug Sep Oct Mov Dec
Fig. 7. Average monthly stream flow

RESULTS AND DISCUSSION

At first the basic electricity generation sce-
nario, for an off-grid hybrid energy system consist-
ing of 11.9 kW micro run-of-river hydro power
plant, 1 wind turbine Generic 10 kW, 5 kW photo-
voltaic system, 17 kW diesel generator and 20 units
of batteries, is considered. The net present cost by
cost type and by component is presented in Figure 8
and Figure 9 respectively. The net present cost for
the whole hybrid system is 228.427 $. Also the sal-
vage value is presented on the figure (9,380 $). COE
= 0.324 $/kWh. Monthly average electricity produc-
tion is given in Figure 10. The renewable fraction is
0.831.

120,000

PV

Generic 10KW
100,000 == Hydro

== Generator 1
50,000 Surrefte 4K525P

= Converter
- E E
0

-20,000

Not Prosent Cost (3)
& 3

==

Capital Replacement Operating Fuel Salvage

Fig. 8. Net present cost by cost type

== Capital
Replacement
Operating

= Fuel
Salvage

100,000

.!g!ié_

Py G10 Hydro Genl Surrette 4€525P  Converter

Fig. 9. Net present cost by component

Net Present Cost ($)

PV
Wind

= Generator 1

= Hydro

=

Jan  Feb  Mar  Am  May  Jun  Jul - Aug | Sep ' Od  Nov | Dec

Fig. 10. Monthly average electricity production

Another case that is further analyzed is with
the following inputs for the renewable components:
size of photovoltaic system: 0 kW, 5 kW, generic
10 kW (0, 1, 2), and system with the presence and
absence of the hydro power plant. The generated list
of feasible solutions, sorted by total net present cost
are given in Figure 11. The simulation results show
that the optimal system is the same system of the
basic electricity generation scenario (solar/wind/
hydro/diesel/battery). The next is solar/hydro/die-
sel/battery system (total NPC 228,901 $).

Sensitivity analysis is also performed in
HOMER in order to examine how the average an-
nual wind speed, average annual solar radiation and
the fuel price will affect the configuration of the sys-
tem. Let the average annual wind speed (Va) change
from 5 m/s; 5.7 m/s; 6 m/s and 6.5 m/s. the average
annual solar radiation (Sa) change from 4kWh/m?/d;
5.5 kwh/m?/d; 6.09 kWh/m?/d; and 6.5 kWh/m?/d;
and the price of diesel: 0.9 $and 1/1 $/I. The Figures
12 and 13 present the optimal system type graph
when diesel price is 0.9 $ and 1.1 $/1, respectively.

J. Electr. Eng. Inf. Technol., 6 (1) 5-13 (2021)
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Itis clear that the price of the fuel significantly
affects costs. The conclusions for the obtained re-
sults and optimal system type graph, when diesel

price is 0.9 $/L and 1.1 $/L, are presented in the
next Table 2, where the cost effective combination
of the system for various conditions is gives.

il
=

Wind Speed (m's)

=l
cn

Wind Speed (m's)

il
=]

Fd
wn

ﬂ "Llﬁi C:il E[|| G10 Gen | 54K525P| Canv. Intial Operating Total | Ren. |Capacity| Diesel | Genl
kW) kW) | Capital Cost {S/41) NPC {s;kwm Frac. |Shotage| (L) {hrs}

pl Xofucy 1 11 5 17 20 10 5102200 9.827 $228427 0324 083 0.00 BET2 1419
F e 5 18 17 N1 £ 72,200 12211 £228501 0325 070 000 8235 1778
ATime 1 113 17 10 589,250 11.070 230759 0328 077 000 6920 1591
o Jwe) 19 17 21 559,250 13,821 $235932 0335 060 000 5305 1577
AT 2 1My 7 20 10 5119250 10170 $249261 035% 085 0.00 5593 1387
gl Ko fucyis) 5 2 1s 7 200 10 5132200 9,505 5254359 0361 085 000 4731 1335
FL O 5 1 17 2010 573,050 17,922 5302157 0429 047 000 12442 2927
Fho 5 2 17 20 10 5703050 15,856 $305749 0434 065 000 10,742 2597
) ) EII 2 17 21 583,500 18950 5331746 0471 053 000 12824 3118
A r:a 1 17 10 553,500 22,848 $351571 0439 030 000 16491 3846
S 5 17 20 0 543,050 25,540 5369540 0524 018 000 185923 4310
17 21 529500 30,135 5414732 0589 000 000 22790 4894

Fig. 11. Generated list of feasible solutions for the second analyzed case

System Types
[ HydroiGen1/Battery
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Fig. 12. Optimal system type graph when diesel price is 0.9 $

System Types

/ [ Hydro/Gent/Battery

Hydro/PV/Gen1/Battery
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Fig. 13. Optimal system type graph when diesel price is 1.1 $/I
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Table 2. Conclusions for the obtained results of the realized sensitivity analysis

If Va

S5m/s<Va<5.85m/s
Sm/s<Va<b5.85m/s

Va=6m/s

Va=6.5m/s

If Sa

Diesel price= 0.9$
4 kWh/m?/d < Sa < 5.2 kWh/m?/d
6.5 kWh/m?/d < Sa < 5.2 kWh/m?/d

a) 4 kWh/m?%d < Sa < 5.9 kWh/m?/d
b) 6.5 kWh/m?d < Sa < 5.9 kWh/m?/d

4 KWh/m?/d < Sa < 6.5 kWh/m?/d

Cost effective combination of the system

hydro/diesel/battery
solar/hydro/diesel/battery

a) wind/hydro/diesel/battery
b) solar/hydro/diesel/battery

wind/hydro/diesel/battery

Diesel price=1.1$

Sm/s<Va<54m/s

Va<5.7m/s

Va=6m/s

Va<6.5m/s

4 KWh/m?/d < Sa < 4.4 KWh/m?/d

a) 4 kWh/m?%d < Sa < 5.2 kWh/m?%/d
b) 6.5 kWh/m?d < Sa < 5.1 kWh/m?/d

a) 4 kWh/m?%d < Sa < 5.6 kWh/m?/d
b) 6.5 kWh/m?d < Sa < 5.6 kWh/m?/d

4 KWh/m?/d < Sa < 6.5 kWh/m?/d

hydro/diesel/battery

a) wind/hydro/diesel/battery
b) solar/wind/hydro/diesel/battery

a) wind/hydro/diesel/battery
b) solar/wind/hydro/diesel/battery s

wind/hydro/diesel/battery

The carbon dioxide emissions (kg/yr) for dif-
ferent system combinations are presented in Figure
14. The nitrogen oxides emissions (kg/yr) for differ-
ent system combinations are presented in Figure 15.
The carbon monoxide, unburned hydrocarbons, par-
ticulate matter and sulfur dioxide emissions (kg/yr)
for different system combinations are presented in
Figure 16.

Carbon dioxide (kg/vr)

Fig. 14. Carbon dioxide emissions for different system
combinations

.

Son

B I I I I
S/W/H/D S/H/D W/H/D H/D

Fig. 15 . Nitrogen oxides emissions for different system
combinations

Nitrogen oxides (kg/yr)

L
=

(eg/mr)

—
=

SMH/D SH/D W/H/D HID

1 Carbon monoxide m Unburned hydrocarbons mParticulate matter g Sulfur dicxide

Fig 16. Carbon monoxide, unburned hydrocarbons, particulate
matter and sulfur dioxide emissions for different system
combinations

CONCLUSION

An off-grid hybrid energy system consisting of
micro run-of-river hydro power plant, photovoltaic
system, wind turbines, diesel generator as a back-up
power source, batteries and converters has been in-
vestigated. In order to determine the most appropri-
ate combination of renewable energy resources, the
software tool HOMER has been applied. The soft-
ware allows the comparison of different combina-
tions of components, their different quantities and
performance. Feasible solutions are listed and
sorted by total net present cost. Emissions of the ve-
rious types of the system are presented too.

J. Electr. Eng. Inf. Technol., 6 (1) 5-13 (2021)
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In the program, the simulations are realized
based on the input data for the components that are
modeled, data for the electrical load, data of the en-
ergy resources availability (in this case for stream
flow, solar radiation and wind speed), fuel price,
emissions iputs as well as the economic parameters
for the project.

Sensitivity analysis is also performed in
HOMER in order to examine how the average an-
nual wind speed, average annual solar radiation and
the fuel price will affect the configuration of the sys-
tem.

The conducted analyses within the paper and
the corresponding results and discussion are pre-
sented in section Results and dizcussion.
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