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Solar-Wind Hybrid Power System Analysis Using Homer for
Duhok, Iraq

Abstract. The government of Iraq recently joined the Paris Climate Agreement, it has now begun to encourage the participation of small and large
consumers to generate electricity from renewable energy resources. This article analyses a hybrid solar-wind electrical system for Duhok city
northern part of Iraq to know the feasibility of this system compared to the local electrical network. Firstly, an access to solar and wind resources
have been ensured for Duhok. For evaluation and optimization study, both stand-alone (off-grid) and grid connecting (on-grid) systems taken into
consideration to be optimized. HOMER is a software application employed to perform the power and cost analysis based on wind speed, solar
irradiance and load profile. According to the numerous configurations. Simulation outcomes have been shown that the on-grid hybrid solar-wind
energy system at Duhok site is most cost-effective than off-grid design for the same load, also it is better cost efficient than Duhok residential power
grid, as our system cost unit COE is (0.0109 $\kWh) while Duhok residential electricity COE is 0.13\kWh.

Streszczenie. Niedawno rzad Iraku dotgczyt do paryskiego porozumienia klimatycznego, teraz zaczat zacheca¢ matych i duzych odbiorcéw do
udziatu w wytwarzaniu energii elektrycznej z odnawialnych zrédet energii. Ten artykut analizuje hybrydowy system energii stonecznej i wiatrowej dla
poinocnej czesci Iraku w miescie Duhok, aby poznac¢ wykonalno$¢ tego systemu w poréwnaniu z lokalng siecig elektryczng. Po pierwsze
zapewniono Duhok dostep do zasobow energii stonecznej i wiatrowej. Do oceny i badania optymalizacyjnego brane sg pod uwage zaréwno systemy
autonomiczne (poza siecig), jak i systemy przytaczania do sieci (w sieci). HOMER to aplikacja stuzgca do przeprowadzania analizy mocy i kosztéw
w oparciu o predko$¢ wiatru, nastonecznienie i profil obcigzenia. Wedtug licznych konfiguracji. Wyniki symulacji wykazaty, ze hybrydowy system
energii stonecznej i wiatrowej w sieci w Duhok jest najbardziej optacalny niz projekt poza siecig dla tego samego obcigzenia, a takze jest bardziej
optacalny niz mieszkaniowa sie¢ energetyczna w Duhok, poniewaz koszt naszego systemu jednostka COE wynosi (0,0109 $\kWh), podczas gdy
wskaznik COE energii elektrycznej w budynkach mieszkalnych Duhok wynosi 0,1 $\kWh. (Analiza hybrydowego systemu zasilania energig
stoneczno-wiatrowa przy uzyciu Homera dla Duhok, Irak)
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Introduction

The Turning to the renewable energy resources and
improving the efficiency of that environmentally, friendly
power in the developed countries has been significantly
noticed. This is because of rapid increase in normal or fossil
fuel charge that leads to air pollution and global warming.
[1]. This kind of energy expected to be invested to cover
around fifty percent of the total world's energy consumption
by 2040. [2]. The dependency on nuclear power and fossil
fuel can be reduced via growing the renewable energy
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applications. Renewable resources are unpolluted,
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sustainable and used as decentralized generation units.

Moreover, it has an extra constructive position of being free F ’
energy [3].

The government of Iraq recently joined the Paris Climate Battery Bank A.C Load

Agreement, which aims to reduce global warming. The
government has now begun to encourage the participation
of small and large consumers to generate electricity from
renewable energy resources. In the present work, we use
HOMER Pro software to evaluate a suggested hybrid solar-
wind electrical system at Duhok city to know the feasibility
of this system compared to the local electrical network, also
for more optimization details, both stand-alone and grid
connecting systems taken into consideration to be
optimized.

The suggested model at this article is unique because a
similar study has not been done before in this site (Dohuk
city) therefore cannot to be precisely compared among
other available models at other sites. for the reason that the
input parameters such as wind/solar/temperature can
certainly vary from site to site making the optimization
results varied and cannot be compared correctly.

System Description

The proposed hybrid solar-wind electrical system with
battery bank and local grid, illustrated in simple diagram as
shown in Fig. 1 below:
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Fig. 1 The basic diagram for the suggested hybrid solar-wind
electrical system

The solar system provides energy when the sun is
shine( clear sky days ) whereas on frosty days which are
frequently to be cloudy, the wind systems will substitute
solar panels in providing more power for both off-grid and
on-grid appliances. Here is a design of both on-grid in
addition to the off-grid systems for hybrid solar-wind power
system in Duhok city. The main reason of selecting Duhok
site (Fig. 2) is location where the power grid availability is
about 24 hours and the ease access for solar and wind
resource.

The available sun radiation on earth computed in to two
main approaches. The first method is calculated according
to the Global Horizontal Irradiance GHI which is usually
calculated by a pyranometer while the second technique is
according to immediate normal irradiance DNI which is
measured by a pyrheliometer [4][5].
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Fig. 2 The case study location (Duhok) on the world map.

Both wind speed and solar Irradiance data have been
obtained for Duhok, Iraq is determined by surface
meteorology and solar energy project (SSE) of National
Aeronautics and Space Administration (NASA) [6], which
collects meteorology and insolation data for entire earth in
order to help in the evolution of renewable and clean energy
systems [7]. As showed in HOMER program software, the
longitude and latitude of Duhok is 42°56'38.0" E,
36°51'36.4" N respectively. The mean daily irradiance per
each month showed in Fig. 3 for an annual average 4.85
(kWh/mZ/day), whereas Fig. 4 reports the mean daily wind
speed per each month for annual average 5.67 (m/s). also
the mean daily irradiance per each month showed in Fig. 5.
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Fig. 3 Monthly average solar irradiance.
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Fig. 4 Monthly average wind speed.
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Fig. 5 Monthly average ambient temperature.

Methods
Wind turbine system

Wind turbine acquires the mean power production
characteristic which varies according to determinations of
the producer. Wind turbine starts generating electricity at
their cut-in speed then power starts to increase until turbine
reaches the rated speed. It should be noted that power
curve of wind turbines is one of very significant
characteristics, which describes the relation of the power
produced by the turbine with a rotational speed [8][9]. The
total annual power (Wkg) in (kWh) generated by wind turbine
can be represented via equation (1) below:

(1) Wg = f:v=h1 Nir Py (V)

where (Np) is the number of data hour in the year, (f) is the
hour of the year, (Py) is the power output in (kW) as function
of the average wind speed over a given hour, and (Ny) is
the numbers of turbines at the site [7].

The wind power output (Py) in (kW) is specified by the
following relation in equation (2), where (ps) is the air
density = (1.22 kg/m3), (A) is the swept area of wind turbine
rotor in (m?), (V;) is the velocity of wind in (m/s), (Cp) is the
wind turbine power coefficient, (ny) is the efficiency of wind
generator and (n;) is the efficiency of wind turbine.

(2) By = 5 R GV Angmy

Photovoltaic system

The following relation in equation (3) can calculate the
total annual power (Sg) results from Photovoltaic system in
(kWh). Where (Nh) is the number of data hour in the year, (f)
is the hour of the year, (Asor) is the fixed area of the solar
field in (m?), (Gy) is the hourly insulation in (Wm™), (Nsofar.) is
the solar system efficiency for a specified hour of day
through a given month [10].

N,
(3) Sg = Zt:hl Nsolart Asolar Gt

The output power of the photovoltaic system (ppy) in
(kW) expressed in the following relation in equation (4).
Where (fpv) is the derating factor percentage for the
photovoltaic array, (Yev) is the photovoltaic array rated
capacity in (kW), which is the power production under STC.
(Grsrtc) is the incident solar insolation at STC (1 kW/mz),
(Gr) is the solar insolation incident on the PV array at the
current time step in (kW/m?), (Tes7c) is the temperature of
the photovoltaic cell under STC which is 25°C, (T,) is the
temperature of the photovoltaic cell at the current time step
in (°C), and (op) is the power temperature coefficient in
(%/°C). [11][12][13].

(4) va = va -fpv [E’I‘G—:TC:I [1 + aP(TC - TC'STC )]

The following relation in equation (5) determines the
total annual power output in (kWh) obtained from the
renewable hybrid system (Hg) that denotes to the sum of
PV power (Sg) and WT power (WEg) [14]:

(5) Hg = Wg + Sg

HOMER program simulation model

Hybrid optimization model for electric renewables
(HOMER) is a computer model established by the National
Renewable Energy Laboratory in the United States (NREL)
to help designers to design renewable energy systems in
both  ON-grid and OFF-grid projects and ease the
assessment of power generation technologies through an
extensive variety of combinations. [15],[16]. A flowchart of
HOMER simulation process can be found in Fig. 6 below
which describing all the simulation stages in detail [17]:
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Fig. 6 A flowchart of HOMER simulation process
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Fig. 7 HOMER Schematic for grid connected model (on-grid)
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Fig. 8 HOMER Schematic for standalone model (off-grid)
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The hybrid power model designed in the HOMER program is
shown in Fig. 7 & Fig. 8 respectively. This model consists of
Generic 3 kW wind turbine, Generic PV flat plate, electronic
converter, Generic Li-ion 1kWh battery and residential load.

Optimization analysis

HOMER simulates all the achievable solutions for the
system, then shows a list of all feasible system patterns
planned gradually from lowest to highest in NPC (Net
Present Cost) and excludes all the infeasible configurations.
HOMER use a proprietary derivative-free algorithm to
exploration for the optimum solution among all these
feasible systems. The least NPC is the optimum design for
the system [18],[19],[20].

Many researchers have utilized HOMER for analyzing
[21],[22],[23],[24]. Analysis with HOMER needs a wide
range of data on renewable resources, energy storage
systems, control algorithms and economic restrictions. The
evaluation criteria of the HOMER assessment are the Net
Present Cost (NPC) and the Cost of Energy (COE). The
COE is defined in HOMER as the mean cost/kWh of
valuable power generated by the system. To compute the
value of COE, Homer program will divide the yearly cost of
electricity production by the beneficial generated electricity.
the COE can be calculated by the relation in the following
equation (6):

(6) COE = Cann,tnt/(Eprim,AC + Eprim,DC + Egrid,sales)

Where (Egrigsales) is the overall sold energy from the grid
in(kWhlyear), (Epimpc) is the DC primary load served in
(kWhlyear), (Eprimac) is the AC primary load served
in(kWh/year) and (Canntor) is the overall yearly cost in
($/year).

The total NPC is calculated in HOMER using the relation
in the following equation (7), where (Canntot ) is the overall
yearly cost in ($/year), (CRF) is the capital recovery factor,
(Roroj) the project lifetime in year, (i) the interest rate %,
While the (CRF) is calculated by the equation (8) [11].

— Cann,tot
(7) CNPC - CRF(i,Rpmj)
i(i + Rproj
8) CRF = %
(8) [(z+1)RP“’J—1]

In order to calculate the optimal cost, the model has been
configured to simulate the same electrical load with the off-
grid and on-grid design.

Table 1. The Data Input for Proposed Model.

Inputs PV Wind Li-ion Converter

1kW Turbine = Battery 1kW
(167Ah)

Capital Cost 500% @ 5000 $ 100 $ 200 $

Replacement Cost = 400$ @ 4400 $ 809% 160 $

Operation & 8% 108% 13 1%

Maintenance

Lifetime 25 25 year @ - 25 year
year

Hub Height - 17m - -

Efficiency 13% | - - 95 %

Derating Factor 80% | - - -

Operating 47°C | - - -

temperature

Initial SOC - - 100 % -

Minimum SOC - - 20 % -

Nominal Voltage - - 6V -

Nominal Capacity - - 1 kwh -

Maximum Capacity | - - 167 Ah -
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Fig. 9 Capital & Replacement cost curve for the Li-ion battery.

A Generic PV flat panel is utilized, these photovoltaic
panels are flat plate builds by Generic, the wind unit is an
A.C Generic 3 KW, also a generic lithium-ion battery has
been utilized with a nominal capacity of 1 kWh, and a
generic converter this is important to supports the hybrid
system design in off-grid configuration. From observing the
cost curve in Fig. 9, it is clear that varying the amount of
batteries will affect the cost, which will ultimately affect the
total NPC.

The grid model unit is a local grid with 10kW capacity,
power rate definition is 0.1$\kWh and sellback rate of
0.05%\kWh, when there is power shortage, the grid provides
electricity to achieve a load request. Further, it receives
electrical power when excessive energy is available.

Results and discussion

In this paper, a domestic load used in the proposed
hybrid system. Supposing that the project life is 25 year.
Fig. 10 and Fig. 11 presents the optimization outcomes for
proposed model in both designs on-grid and off-grid
respectively. Optimization progression has been executed
during each achievable choice of variables of this hybrid
system regardless the effect of sensitive variables. Fig. 12
shows the total annually production of proposed model
22,165 kWh/yr with 21,063 kWh/yr consumption in
residential load.

Architecture
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Fig. 10 Screenshot for optimization results at ON-Grid model.

Architecture

\ PV wT Li-lon Grid | Converter = -
e ol 1 3 g (kW) | (Wind Turbine) | (Battery) | (kW) (kw) COE NEC
\
BE i~ BB z 3.34 3 24 0 269 0301 21,329
\
4 23 ¥ 7 32 0 194 0576 40,785

Fig. 5 Screenshot for optimization results at OFF-Grid model.

Table 2. Cost Optimization Analysis for the System.

System Capital Replacement | O&M Total
Equipment | Cost ($) Cost ($) Cost ($)  Cost ($)
WT 5000 0 127.83 5,127.83
PV 4325.35 0 884.86 5,210.03
Batteries 400 133.52 51.13 559.81
Converter | 1000 0 63.92 1,063.92
Grid 0 0 9,018.69 9,018.69
System 10,725.35 = 133.52 7,891.40 @ 2,942.62

Production kWh/yr % Consumption kWhfyr | %
Generic flat plate PV (Solar PV)| 12,731 | 57.4 AC Primary Load 5548 | 26.3
| Generic 3 kW (Wind turbine) . 8,031 36.2 DC Primary Load . 1] . 0
| Grid Purchase - 1,405 | 6.34 Grid Sales 15,515 - 73.7

Total 22,167 | 100 Total 21,063 | 100

Fig. 6 Screenshot for Power production & consumption at HOMER
on-grid model

The lowest COE (Cost of Energy) obtained from
HOMER results is 0.0109%, while Duhok residential
electricity is 0.1$\kWh [25]. the renewable energy
contribution was 93%. HOMER's derivative-free algorithm
will determine the optimal contribution ratio between
renewable energy sources to supply the residential load
efficiently with the desired power. As shown in Fig. 11 the
energy cost of an off-grid system (COE 0.301$) is much
higher than the on-grid system (COE 0.0109%). The total
NPC for off-grid and on-grid system are 21,329$% and 2,943
$ respectively.

Conclusion

This academic piece of paper presents a comparative
study of a two hybrid renewable energy systems, one
connected to the local grid (on-grid) and the other is
standalone (off-grid), without taking the influence of
sensitive variables into consideration. This study occurred
in Duhok , north of Iraq due to ease of solar and wind data
access. The simulation results of the proposed system
proved that hybrid solar-wind energy system connected to
the local grid is most cost-effective than off-grid design for
the similar load. Our hybrid system is better cost efficient
than Duhok residential power grid, as our system cost unit
is (0.0618 $\kWh) while Duhok residential electricity is
0.1$\kWh.
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