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In the context of climate change, the implementation of renewable energy sources is becoming not only
a trend, but also a necessity. The expansion of human habitat especially along waterways leads to the installation
of long power lines, often vulnerable to accidents and vandalism. Energy complexes based on renewable energy
sources can serve as an alternative. The behavior and the cost of a renewable power system that includes wind
turbine module can be affected by the nature of system establishment location. In particular the air flows along
the rivers could greatly increase the power generation of wind turbines installed on the river banks. In addition
to that navigable rivers should be equipped with navigation equipment (buoys, differential stations, etc.) which could
be powered from the local renewable based power stations. This research work concentrates mainly on studying
the impact of surface nature on the behavior and the cost of a hybrid power station of solar system and wind turbine
module. However, the hybrid power station is dominated significantly by wind turbine module. Three different
critical surfaces in Amarah city - Iraq with respect to their anemometer height variations are studied. The proposed
surfaces that have natural impairments are chosen to be in few trees, forests (woodlands), and city center (tall
building) regions. The simulation results based on Homer software have shown that the performance and the design
cost of the system in city center (tall building) region is the best. Finally, the proposed hybrid system inspires future
extension for more investment projects due to the awful excess power generated.
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BJAUAHUE NTPUPO/AbI PETUOHA
HA IMPOU3BOAUTEJIBHOCTDb BETPOOHEPT'ETUKH

C. H. Maxmyya!, O. . A6maar6ap?, E. B. Coaoomun?

! — YuuBepcuretr Aa-Kutabd, Kupkyk, Upak
2 — HO3kHO-YpaAbCKHUil TOCYIAPCTBEHHbBIH YHUBEepCUTET, YeasOUHCK, Poccutickas demepariust

Ommeuaemces, 4mo 8 YCA0GUAX UBMEHEHUs KAUMAMa 6HeOpeHue 80300HOBAAEMbIX UCTOUHUKOG IHEP2UU
CMAHOBUMCS HE MOTBKO MPEHOOM, HO U Heobxooumocmbio. Pacwupernue apeana yenosexa 0coOeHHO 800Jb BOOHbIX
apmepuii npUBOOUM K YCIMaHO8Ke NPOMAICEHHBIX TUHUL dIeKmponepeoay, 3a4acmyio yi36UMblX 0 d8apull U 6aH-
oanuzma. ArbmepHamueo Mo2ym CyAcums IHEPLOKOMNIEKChI HA OCHOBE 60300HOGNAEMbIX UCHIOYHUKOS IHEPUU.
Tapamempul u cmoumocmy cucmeMbl Ha OCHOBE 80300HOBIAEMbLX UCTIOUHUKOG SHEP2UU, BKII0UAlowell 6 cebs 6e-
MPOSHEep2emuyecKuti. MoOYib, Mo2yn Oblmb 8 3HAUUMENbHOU CMeneHu 00YCI08IeHbl MeCIHbIMU 0CODEHHOCHS-
Mu ranowagma. B uacmuocmu, 6030yuiHble NOMOKU 8006 NOUM PeK MO2YM CYUJeCMBEHHO NO8bICUNMb YPOBEHb
2eHepayuy INEeKMpPOIHEP2UL BeMPOIHEPLEMULECKUMU YCIMAHOBKAMU, PACNOTOICEHHbIMU Ha Oepezy peku. bonee
mo2o, cy0oxX00Hble peKU OO0NNHCHbL OblMb OCHAUeHbl HABUSAYUOHHBIM 000pydosanuem (0yu, ougdepenyuanrvHble
cmanyuy u m.o.), SNeKMPOCHAOICEHUE KOMOPBIX MOANCEM OCYWECMBIAMbCA 34 CUem dAeKMPOCMAaHyull Had OCHO8e
680300H0BeMbIX UCMOUHUKOS. [Ipedcmasiennas ucciedo8amenbcKas paboma cocpedomoueHd 21a8HbiM 00pa30M
Ha U3YHeHUU GIUAHUSA NPUPOObI NOBEPXHOCMU HA NPOU3BOOUMETbHOCHb U CHIOUMOCTb 2UOPUOHOU 8eMpPO-CONIHEY-
HOUL 91eKMPOCMAHYUYU ¢ NPeodIA0aHUemM 8 CIMPYKmMype CIManyuu 6empoIHepeemuiecko2o Mooyis. Mzyuensl mpu
Ppasnuunble KpumuiecKkue nogepxHocmu ¢ 2opooe Amapa (Mpax) ¢ uzmepenuem ckopocmu 6empa HA PA3IUYHbIX
8blcOmax. 3a 0CHOBY UCCIe008aHUL G351Mbl NOBEPXHOCHIU, UMEIOWUe eCMeCmEeHHble NPeNIMCmEUs U Haxo0Auu-
ecsi 8 IECHbIX MACCUBAX U 8 YEeHmpe 20p00d ¢ 8bICOMHBIMU 30aHuAMU. Pesynomamor mooenuposanus Ha ocHose
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npoepammno2o obecneuenus Homer noxaszviearom, umo npouzeo0umenbHOCmys U CIoumMocms npoeKmupo8aHus
cucmembvl 8 pecuone ¢ GbICOMMbIMU 30AHUAMU AGIAIOMCA Hauboree onmumanvHulmu. Ilpedrazaemas eubpuonas
cucmema umeem nepcnekmusbl OaubHelue2o U3yueHus U 6HeOPEeHUsl C Yeablo OP2aAHU3AYUY UHBECTNUYUOHHBIX NPO-
€KMO8 6 CBA3U C GbICOKUM NPOSHOZUPYEMbIM YPOBHEM 2EHEPUPYEMOU DHEPSUU.

Kuroueswie crosa: wepoxosamocms nogepxnocmeti, 6emposieKmpocmanyus, OYeHKa 2UOPUOHbIX IHEPOCU-
cmem, npoepammuoe obecneuenue HOMER.
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O. [I. Abmanr6ap, E. B. Comomun // BectHuk 'ocy1apcTBEHHOTO YHUBEPCHTETa MOPCKOTO M PEYHOTO (IIoTa
nvenu aqmupana C. O. MakapoBa. — 2019. — T. 11. — Ne 6. — C. 1152-1163. DOI: 10.21821/2309-5180-
2019-11-6-1152-1163.

Introduction

The impression of power production based on renewable energy systems has recently fascinated the
world due to the great role that is played by such systems to struggle the ultimate change of the climate
conditions and to decrease the endless risks of the modern machineries. Apparently, the influence of wind
turbine models to produce sustainable power systems might be sensible and clear nowadays particularly in
the highlands and mountain terrains. In addition to that due to the air flows along the rivers, the banks not
suitable for living but with open terrain, could be used for installation of wind turbines, solar power stations
and other electric supply equipment, which could power the local navigation equipment, etc. It is worth
mentioning that the generated power based on wind turbine models can be increased eight times with doubled
speed depending on the cubic function to measure wind effectiveness. To be more precise, the average wind
speed of 8 m/s in some specific places can generate power around (75 — 100) % greater than other places with
lesser wind speed average. The annual information of the wind speed was given based on Amarah city — Iraq
in 2014 — 2015. Moreover, wind speed data is collected form Weather Underground Organization (WUO)
[1, 2] at station elevation with respect to wind speed results that assigned as wind resource input in Homer
based measured and Weibull monthly and annually estimation of wind speed average [3]. The Tigris river
is crossing the city, represents the clear place without obstacles, could be used both for installation of wind
turbines and solar power stations. Since the water transportation requires lots of electric powered navigation
equipment, the generation level could be further increased and successfully used for the reduction of power
consumption, at the same time improving the quality of water transport navigation. In particular the team of
authors had invented the small 3 kW wind turbine based on the river buoy, presented in Fig. 1.

Fig. 1. Small 3 kW buoy based vertical axis wind
turbine developed by the author team
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Undoubtedly, the wind energy is one of the cleanest forms of producing power from a renewable
source. However, such systems are not that easy to be installed without effecting on the efficiency of the
module. Hereby, there exist four major factors effect considerably on the efficiency of wind turbine units.
These factors are identified as follows:

A. Wind Power

The power of the wind blowing in specific location effects considerably on the amount of realized
power such that faster wind speed and stronger wind force generate greater amount of power produced by
a wind turbine [4, 5].

As an equation, the whole mater can be expressed as follows:

P=kVF

Where P — represents the power of the wind; V'— is the wind speed; F — is the wind force, and
k i — s constant.

It is worth mentioning that each region has its own wind speed. Hence, it is necessary to understand
the relationship between wind speed and the amount of the realized power correspondingly.

B. Altitudes and Obstacles

The wind speed in the higher locations is considered considerably faster due to the numerous
atmospheric factors [5]. In addition, these locations have fewer obstacles from the adjacent hills, trees, and
higher buildings. It can be stated that around 12 % wind speed elevation will be realized as the distance
between the ground level and the turbine extended to be doubled [1].

The speed of the wind is slowed by trees, buildings, hills, and mountains, which all create a certain
form of friction that limits the blowing of the air. In order to ensure the continuity of a project, a wise
decision is measuring the speed of the wind in the proposed site minimally for one year.

C. Air Temperature

The temperature of the wind plays a prominent role in dominating the efficiency of the generated
power from wind turbine module [6]. It can be stated that the power from a wind turbine can be increased
about 16% as the temperature decreased around the range (+20°C) — (-20°C) for any given wind speed.

D. Blade Aerodynamics

The maximum power efficiency based on wind turbine modules, depends mainly on the shape of
the blades chosen to establish a wind power source. Hereby, the nature of the blades should be accurately
taken into consideration. In addition, the amount of the lift for a specific airfoil depends considerably on
the direction of the wind that generates the angle of the wind blowing up. This means, that as long as the
angle is chosen to be larger, the intensity of the disturbance increases leading the lift to be vanished.

As afinal point, a comparison based on standalone vs grid extension system was done using HOMER
software [7] in this paper to reveal the cheapest design with respect to break-even distance as the example
illustrated in [8].

Homer Software

Homer is one of the best power optimization programs due to wide usability and demand all around
the universe. The program is identified and developed through Mistaya engineering specialized for the
employ and implementation of national renewable energy laboratory (NREL) in USA. This organization
fascinates the difficulties regarding appreciation issues for the design of grid connected and renewable
solar systems based on different components [9]. The decision simplifications of HOMER fascinated the
designer due to the harsh conditions that energy and solar system were known due to the variation of the
cost and the high technological prosperity nowadays appeared [10].

The Aim of Work

This research work concentrates only on the factor in section (B). The paper aims to demonstrate the
impact of wind turbine height variation difficulties based on surface roughness lengths on the performance
and cost of renewable power systems in HOMER software with respect to certain location and anemometer
height.
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Surface roughness is the term given to the critical locations that suffer from natural impairments
such as blown sea, lawn grass areas, snow surface, heavy trees areas, city center that contains tall
buildings [7], etc. which all dominate the power production of wind turbine units. It is worth mentioning
that three surfaces natures are taken into account to prove the offered challenge, identified as shown in
Table 1.

Table 1
The Chosen Surface Roughness
Surface Roughness Lengths, m
Few trees 0,1
Forests and woodlands 0,5
City center and Tall buildings 3,0

The information shown in Table 1 is given by Homer software such that each surface roughness is
linked with wind turbine hub height is suitable for the nature of the region.

Proposed System Argument

In this paper, the tendency is to feed a certain load input specified by 1.1 kW by sufficient power.
Most of power units generate higher energy depending on hybrid or individual modules such as PVs, hydro
turbines, wind turbines, and the other subcomponents identified by batteries, converters, and generators.
In this work, it is proposed to generate electricity using hybrid module constructed of PV panel and Wind
turbine in order to provide the identified load by the required energy. The power system is established
at Amarah city with respect to anemometer heights above ground level. It is worth mentioning that the
data of the proposed location is given based on measured and Weibull estimated parameters. To be more
specific, the coordination of the proposed location is given with respect to the attitude and longitude as
31.83°N, 47.17° E [1].

Wind Resources Based Amarah City

The geographical impairments of Amarah city lead the anemometer height to be risen up to specific
meters above ground level [1], [2] with respect to measured and Weibull estimated parameters in order to
reach the desired wind resources that shown in Fig.2. The information bar confirms that the maximum
wind speed can be realized in June and hence the maximum power production will be assigned in the same
period accordingly. Measurements of wind speed on the banks of Tigris river are appr. 18 % higher than
on the other terrains due to the extra air flows generated by the difference of pressures. However it should
be analysed as a separate topic for locally installed power based on renewables.

Wind Resource
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Fig. 2. Wind speed information of Amarah city

Load Setup Process
The load input is chosen to be specified by 1.1 kW — 11 kWh/d and assigned as a virtual residential
load type with power consumption of 24 hours as shown in Table 2.
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Table 2
Primary load power requirements
Hour Load, kW Hour Load, kW
00:00 - 01:00 0.200 12:00 — 13:00 0.600
01:00 - 02:00 0.200 13:00 — 14:00 0.600
02:00 — 03:00 0.200 14:00 — 15:00 0.600
03:00 — 04:00 0.200 15:00 — 16:00 0.600
04:00 — 05:00 0.300 16:00 — 17:00 0.550
05:00 — 06:00 0.300 17:00 — 18:00 0.550
06:00 — 07:00 0.400 18:00 — 19:00 0.550
07:00 — 08:00 0.500 19:00 — 20:00 0.550
08:00 — 09:00 0.500 20:00 —21:00 0.500
09:00 — 10:00 0.500 21:00 —22:00 0.450
10:00 — 11:00 0.550 22:00 —23:00 0.400
11:00 — 12:00 0.550 23:00 - 00:00 0.300

1) photovoltaic panel (PV);

2) converter;

3) hoppecke H300 Battery;

Power System Establishment
The hybrid system module that is employed to confirm the aim and the challenge of this work is
constructed of several components specified by:

4) PGE 20/25 Wind turbine module.
For more clarity, it is intended to unveil the connection scheme of the proposed power system
modules in Homer software as shown in Fig. 3.

PGE 20425

Converter

AC

— 2| 7
Primary Load 1 P
11 Kwhid
1.1 kw peak

—» Al 3|

H300

DC

Fig. 3. Hybrid system module

1. Pv Module
Photovoltaic panel PV is the module that is employed to convert the incident sun light falling over
the panel into electricity depending on the semiconductor materials that exist in the panel. In this research
work, the size of the panel is specified by 2 kW since the load input is chosen to be around 1.1 kW peak.
This means, the chosen PV size is extremely sufficient to provide the load by the required power. The cost
items of the proposed PV panel are given as shown in Table 3, for lifetime of 25 years.
Table 3
Photovoltaic panel cost items
Size (kW) Capital ($) Replacement ($) O&M ($/ year)
2.00 1400 1350 50

Theaveragesunradiationintheproposedtown[11],[12]isassignedasHomerinputandspecifiedasgivenin
Table 4.
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Table 4
Average sun radiation in the proposed city

Month Clearness index Daily radiation (kWh/m?d)
January 0.546 2.78
February 0.572 3.66
March 0.597 4.90
April 0.622 6.19
May 0.654 7.26
June 0.664 7.66
July 0.667 7.53
August 0.670 6.93
September 0.698 6.13
October 0.637 4.41
November 0.593 3.18
December 0.531 2.48

2. The Convertor
The convertor is the module that converts the generated DC voltage by the PV into stable AC voltage
in order to feed the primary load with the required power. Similarly, the size of the convertor is specified
in Homer by 2 kW to be compatible with the proposed load input. Moreover, the cost items of the proposed
convertor for lifetime of 15 years are given as shown in Table 5.
Table 5
Convertor cost items

Size, kW Capital, $ Replacement, $ O&M, $ / year

2.00 1000 950 50

1. Hoppecke H300 Battery.

These kinds of batteries are made of lead acid compound that are suitable for such energetic systems.
The nominal specification of H300 battery module is specified by 2V, 300 Ah, 0.6 kWh [7]. Besides, the
cost items of the battery for lifetime of 4 years are given as shown in Table 6.

Table 6
H300 battery cost items
Quantity Capital, $ Replacement, $ O&M, §/year
1 181 160 8

It is worth mentioning that Ampere hour term(Ah) that is usually appeared on the batteries is the
amount of energy charges in a battery that allow one ampere of current to flow in one hour [10]. Hereby,
Fig.4 satisfies this fact based on H300 battery module.
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Fig. 4. Discharge curve of H300 battery module
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2. PGE 20/25 Wind Turbine.
The proposed wind turbine is denoted as PGE 20/25, and specified by rotor diameter of 20m,
305 swept, 32 rpm, hub height of 25m and rated power of 25kW at 9m/s [7]. PGE 25, yields power around
25kW, this means that the generated power is extremely sufficient to feed the load input with the required

power. The power curve regarding PGE 25 is unveiled intentionally as shown in Fig.5.
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Fig. 5.
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Power curve of PGE 25

The quantity and cost items for PGE25 turbine are chosen for lifetime of 25 years [13] as shown in

Table 7.
Table 7
PGE 20-25 wind turbine costs items
Quantity Capital ($) Replacement ($) O&M ($/yr)
1 20000 16000 1000

Performance And Cost Evaluation

The proposed hybrid power station produces sufficient power required to feed the load effectively
depending on both PV and wind turbine module in percentage. As mentioned before, that the aim of this
work is to study the effect of the difficulties that might be encountered where the wind turbine is equipped
in certain surfaces. Hereby, THREE surface impairments at Amarah city were studied in order to show
the impact of the roughness on the performance and the cost of a power system as exposed in Table 8 & 9.

Table 8
Performance results
Wind Solar Total .
Surface Type Power Power Power Excess Electricity
kWh / year
Few trees 63.186 6.610 69.796 65.621
Forests 76.452 4.957 81.409 77.267
City center 127.441 3.305 130.746 126.718
Table 9
Cost results
Surface Type Initial capital ($) Operat;r;ig(’“ & Total NPC ($) COE ($/kWh)
Few trees 26.558 1.766 49.140 0.984
Forests 25.858 1.734 48.028 0.962
City center 24.072 1.664 45.084 0.903
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For more confirmation, it is intended to demonstrate the monthly average electric production with
respect to the proposed surface types as shown in Fig. 6-8.

20 Monthly Average Electric Production

n

Power (kW)
s

o

il

Jan

Il

Mar Apr May Jun Jul Aug Sep Odt MNowv Dec

Fig. 6. Electric production in (Few trees) site
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Monthly Average Electric Production

<]
n

8

n

=)

Power (kW)

il

May Jun Jul Aug Sep Odt Nov Dec

=

Jan Mar Apr

Fig. 8. Electric production in (City center) site

The three Figures 6—8 obey the performance results given in Table 8, and show the electric
production of hybrid power station based on both solar and wind turbine systems in different percentages,
with respect to wind turbine height variations identified in Table 1.

Moreover, the part that should pay attention is Table 10, which exhibits the excess electricity
produced in each case study with respect to the height variations of the chosen surface roughness. The
excess electricity results inspire future extensions for more investment projects.

Table 10
Excess electricity production
Surface Type Lengths (m) Excess Electricity (%)
Few trees 0.1 94
Forests 0.5 94.9
City center 3.0 96.6

Comparison With Grid Extension

The result of the comparison that was performed based on stand-alone vs grid extension
demonstrates the minimum break-even distance with respect to extension inputs specified by the capital
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cost of 8000 $/km, operating and maintenance O&M of 160 $/year, and grid power price of 0.4 $/kWh .
For more clarity, the result of the comparison over height variations is listed and demonstrated in Table 11.

Stand-alone Vs Grid extension results

Table 11

Surface Type Lengths (m) Grid extension distance (Km)
Few trees 0.1 2.90
Forests 0.5 2.79
City center 3.0 2.50

The breakeven grid extension distance means the minimum realized distance that makes the stand-
alone system considered always economically inexpensive comparing with grid extension.

The results shown in curve Figures (9, 10 and 11) confirm that the stand-alone module proposed
in each surface types in this work are considered better and cheaper than extending the grid, since the
distance from the proposed location to the main power station at Amarah city is greater than the maximum

distance in Table 11.

= Grid extension
=== Standalone system

== Grid extension
== Standalone system
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Fig. 9. Breakeven grid extension (Few trees)
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Fig. 10. Breakeven grid extension (Forests)
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Fig. 11. Breakeven grid extension (City center)

Finally, it is intended to uniform the optimum results of the performance and cost with respect to
height variations of the surface roughness in Table 12, in order to simplify the direct awareness while
reviewing the results.

Table 12
Optimum performance and cost results
Surface Type Performance results
Wind Power | Solar Power | Total Power | Excess Electricity
kWh / year
City ((;Lentef 127.441 | 3.305 | 130.746 | 126718
Tall Buildings Cost results
Initial capital, $ Operating Cost, $/year Total NPC, $ COE , $/kWh
24.072 1.664 45.084 0.903
Conclusions

The paper shows the impact of certain regions on the power systems that basically depend on the
wind turbines to generate electric energy. In this work, three different wind turbine height variations based
on surface roughness lengths were studied in Homer software to show the impact of these difficulties on
the performance and the cost of hybrid power systems. For more clarity, it is intended to list the realized
results as follows:

1. A unique hybrid power station is designed to provide a virtual residential load with required
power.

2. The comparison operation based on stand-alone vs grid extension proved that the proposed stand-
alone system is always better and cheaper than extending power from the grid.

3. The wind turbine located on the river bank, may increase power generation at least 18%.

4. The best performance and cost results were realized in city center case study, since the produced
power is higher and the cost is lower.

5. The hub altitude of the wind turbine in the city center is chosen to be higher than other proposed
locations in order to get rid of the obstacles that might be encountered. Hereby, the best power produced is
obtained in city center case study.

6. As an investment, the established module achieves excess power production, which can be used
to cover and feed larger rural or civil areas. Special attention should be paid to the clear water pools such
as rivers, sea shores, etc.
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7. Finally, it can be stated that the behavior of a power system in various specific locations regarding
the performance and the design cost is significantly illustrious and different than each other.
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