OPEN aﬁlCCESS

International Journal of Recent Technology and Engineering (IJRTE)

| SSN: 2277-3878, Volume-8 I ssue-5, January 2020

Stand-Alone Hybrid Wind-Diesel Power
Systems for Commercial Loads of Turaif-Saudi
Arabia- Techno-Economics of Hot Desert

Regions for Sustainable Clean Future

L)

Chack far
updatas

S. M. Shaahid

Abstract: Hybrid wind-diesel technology is disseminated
world-wide to minimize depletion of fossil-fuels and carbon
emissions. Appreciable amount (10-40%) of energy generated is
consumed by commercial/residential buildings of Kingdom of
Saudi Arabia (K.SA). This investigation aims at
techno-economic assessment of hybrid wind-diesel systems
(HWDS) to satisfy electrical demand (620,000 kWh per year) of a
representative commercial building at Turaif (Northern Province,
K.S.A.) by analysis of wind speed data. As per the study, the
monthly average wind speed of Turaif liesin therange 3.4 - 4.4
meters per second. The configurations smulated include various
mixes of 100 kW wind machines (WTG) and diesel systems. The
techno-economic evaluation is carried out by using NREL’s
(HOMER Energy’s) HOMER software.

The results point out that the wind fraction (with zero % load
rejection) is 20% for a hybrid configuration composed of one 100
kW WTG together and 175 kW diesel generator. The energy
generation cost (COE) from this system is0.123 $/kWh. Also, 20%
wind fraction, results in reducing carbon emissions by 91
tonglyear. Thediesel operation timeislesswith higher penetration
of wind. Also, emphasis is on effect of wind fraction on energy
produced, COE, operational time of diesel sets, un-met load,
excess energy, fuel savings, carbon emissions, cost of HWDS, etc.
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. INTRODUCTION

Presently, we are witnessing a new evolving non-stable era
in the global energy scenery. This poses serious challenges
and opportunities for countries, industries, professionals and
academics. The energy we use everyday leadsto air pollution
and carbon emissions. The threat of global warming and
change in climatic conditions due to carbon emissions by use
of fossil fuels paves avenue for exploring environmentally
benign ways of generating energy. More importantly, to cater
to Dec. 1997’s Kyoto’s requirement on carbon emissions,
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many countries are opting wind energy to cut-down carbon
emissions. The quest for energy security and sustainable
development (to meet growing needs/challenges) revolves on
the ability to exploit/tap energy from non-depleting and
environment friendly non-depleting sources (like wind).

Wind energy is a nature-friendly solution to displace
energy generated from fossil fuels. As per literature, many
nations with average wind speeds varying from 4 to 10
meters/second are deploying wind power systemsto minimize
dependency on fossil fuels [1-4]. World’s wind installed
capacity is 487,000 MW as of December 2016. The cost of
energy generation from WTG is about 5 to 6 cents per kWh.
Theinstalled capacity of WTG isincreasing at the rate of 25 -
30 percent per annum [5].

Stand-alone WECS are incompetent on economic front.
Atmospheric pollution is mainly due to operation of
stand-alone diesel systems [6]. However, coupling of WECS
with diesel systems decreases pollution, may lower the COE
($/kWh), and yields reliable diesel system together with
cost-effective wind energy. Considerable research is being
conducted world-wide on renewable/wind energy systems
[7-13]. As per literature, wind-diesel technology is
disseminated globally (eventually to avoid atmospheric
degradation and to protect our planet).

The electrical power consumption of the K.S.A. is rising
fast. By 2023, the demand is forecasted to be 60000 MW.
The air- conditioning systems consume about 70 percent of
the power generated [14]. In view of reasonable wind
potential of K.S.A., a portion of the requirements can be
covered by aternative wind which cuts carbon emissions.
According to literature, deployment of 1.5 Mega Watt WTG
(which produces annually around four million kilo Watt Hour
energy), will displace 5.6 million tons of emissions[15].

Some earlier studies have focused on viability of renewable
power at K.S.A. [16]. Thisstudy aimsat viability of HWDSto
cover energy demand (620,000 kWh per year) of a
commercial building at Turaif (31°41' N, 38°40' E, Northern
Province, K.S.A.) by analysis of 1970-1982 data. At 10 m
height, the average wind speed liesin therange 3.4 - 4.4 m/s.
Wind speed is being used to examine the possibility of using
HWDS technology. Simulation of hybrid systems includes
various mixes of 100 kW WTG and diesel systems by using
HOMER which is a sophisticated tool used for designing
alternative/sustainable power systems [17].
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More importantly, the study emphasizes onimpact of wind
fraction
on energy generation, COE, operational time of diesel sets,
capacity shortage, generation of excess energy, fuel savings,
carbon emissions, cost of HWDS, etc.

II. METHODOLOGY AND BACKGROUND
INFORMATION, WIND DATA, OPERATION OF HYBRID
WIND-DIESEL SYSTEM

The K.SA. is a desert region with arid weather. The
available wind regime dictates characterization of WTG.
Wind speed data of the years 1970-1982 has been utilized in
this study [18]. The presence of international oil pipeline in
Turaf has led to its establishment. The population is about
92,000. Turaif has climate with hot summers and cold
winters. Saudi Arabiaproducesand exportslarge quantities of
petroleum products globally [19].

Fig. 1 shows the monthly average wind speeds. The
magnitude of wind speed during summer (May to Aug) is
more. In this regard, more power can be produced in summer
period (thisis a positive feature because the demand is high
in summer). The data exhibits considerabl e variation between
different months. These wind speed variations |ead variations
in energy generation from WECS. At 10 m height, the average
wind speed (monthly) lies in the range 3.4 - 4.4 m/s. The
annual average wind speed is 3.9 m/s. Figure 2 depicts the
wind speeds at various hub-heights (by using 1/7" power
law). The energy yield from wind is more at 30 m or more
height. The increase in wind speed is 26% by increase of
height from 10 mto 50 m. Figure 3 depicts the raw daily wind
speed data. Figure 4 shows the cumulative frequency
distribution (CFD) of wind speed (this assesses the potential
of agiven location). The technical details of 100 kW WECS
(employed in the present analysis) are shown in Table I. The
technical detailsof diesel systemsarelistedin Tablell. Figure
5 shows the characteristics of the 100 kW WTG. The
efficiency of present day WECS is approximately 35 percent
[20-21].
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Fig. 5.Power characteristic of 100 kW WTG

Generally speaking, the cut-in wind speed (speed at which
WECS generates power) of WECS varies from 3 to 4 m/s
[16]. As per Figure 4, for 39 percent of time yearly, wind
speeds (at 10 m height) arelessthan 3 meters per second. This
means energy will not be generated for 39% of the time
annually at Turaif. In this connection, to meet load with out
interruption, WECSs are coupled with diesel systems.

The layout of HWDS is presented in Figure 6. The diesel
system is operated whenever WTG fails to meet the load.
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1. RESULTSAND DISCUSSIONS

This study places emphasis on commercia loads (620,000
kWh per year) [22]. Figure 7 shows electrical load data for
different months of the year. The load is high during June to
September. The sizing of system is highly dependent on peak
demand (i.e. 159 kW, Fig. 6).

Simulation of hybrid systemsincludes various mixes of 100
kW WTG and diesel systems. The outcome of simulationsisa
possible combination of wind farm capacity (kW) and diesel
capacity (kW) to satisfy requirement of 620,000 kWh.

The results of simulations (using HOMER software) are
listed in Table 1. Thetable clearly shows the impact of wind
penetration on key parameters of HWDS. It can be noticed
that increase in wind penetration decreases diesel fuel
consumption and carbon emissions.

The techno-economic parameters of HWDS based on
simulations are presented Figure 8. In this figure, ninth
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column shows COE. Figure 8 also shows that variation of
wind fraction (column 10) varies from 0 to 71%. The hybrid
systemsinstalled worldwide have wind fraction of 11 to 25%.
This figure also indicates that the COE from a HWDS (100
kW WTG and 175 kW diesel system) with 20% wind fraction
is 0.123 $/kWh (without any shortage in capacity or without
any rejection in load).

As can be seen in Figures 8, increase in wind fraction
increases COE (which eventually reduces carbon emissions).
For diesal-only scenario, the operational hours of the two
diesel generators are 6801 and 2534. For a HWD with one
100 kW WTG and 175 kW diesdl unit, the hours of operation
of the above generators are 5898 and 3227. It isclear fromthe
above; thereisdecreasein diesel operation timewith presence
of WECS.

For the above HWDS, the details about energy generation,
excessenergy, un-met load, and the cost of HWDS is depicted
in Figure 9 and Figure 10. Fig 9 shows that the generated
excess energy is 3%. Also, as per Figure 10, theinitia capital
cost of WTG is high.

It can be observed from Figure 8 that diesel-only system
uses 15% more fuel as compared to hybrid system (20% wind
fraction) with 100 kW wind machine and 175 kW diesel units.
It can be mentioned that increase in wind fraction increases
fuel savings. It has also been observed from simulations that
with 20% wind penetration, 91 tons/year carbon emissions
will not be injected in atmosphere.

IV. CONCLUSIONS

Inview of reasonable wind speed (3.4 to 4.4 meter/sec), the
study considers Turaif to have potential for installation of
HWDS for electrica needs of commercia buildings. The
study has emphasized on techno-economic evaluation of
using stand-alone HWDS to serve the commercial energy
demands (620,000 kWh per year). For a configuration
composed of one 100 kW WTG and 175 kW diesel
generators, the wind fraction (with zero % load rejection) has
been found to be 20%. The energy generation cost from this
system is 0.123 $/kWh.

It has been found that diesel-only system uses 15% more
fuel as compared to hybrid system (20% wind fraction) with
100 kW wind machine and 175 kW diesel units. The results
indicate that diesel operation time is more with lower
penetration of wind. Additionally, with 20% wind
penetration, 91 tons/year carbon emissions will not be
injected in air. Additionally, the generation of excess energy
for the above HWDS is very less (3%).
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Table- | Details of 100 kW wind energy system

Stand-Alone Hybrid Wind-Diesel Power Systemsfor Commercial Loads of Turaif-Saudi Arabia - Techno-Economics

Model/Type Power Speed at | Speed at start | Speed at end of | Diameter of Height
rating in rated of power power Rotor of Hub
kilowatts power generation generation (meters) inmeters

(meters | (meters per (meters per
per sec) | sec) Sec)
NW100 100 15.0 3 25 21 37
Table- I1: Details of diesdl generators
Items Data
Unit 1’s Rated Power (Rp) 120 kW
Lowest allowable power 30 % of Rp
Fuel consumption at no load 39.6 Liters per hour
Fuel consumption at full load 10.09 Liters per hour
Unit 2’s Rated power (Rp) 55 kW
Lowest allowable power 30% of Rp
Fuel consumption at no load 18.15 Liters per hour
Fuel consumption at full load 4.63 Liters per hour
Dispatch strategy: Follows load
Spinning reserve: 10 % of electrical demand
Table |11 Results of smulations of HWDS (using HOM ER Softwar €)
Wind-Diesel System Details Wind Diesel Fuel Carbon Cost of
penetration Consumption Emissions energy
(%) Liters/year Tonslyear (COE)
$/kWh

Zero Wind + 175 Diesel 0 228,024 616 0.087

One NW100 + 175 Diesel 20 194,269 525 0.123

Two NW100 + 175 Diesel 37 171,940 465 0.160

Three NW100 + 175 Diesel 49 155,806 421 0.198

Four NW100 + 175 Diesel 58 143,785 389 0.237

Five NW100 + 175 Diesdl 65 133,998 362 0.277

Six NW100 + 175 Diesel 71 126,033 341 0.318

A\ w5 e INWI000 D120 | DRS Initial Operating Total COE | Ren. Diesel D120 | D&5

(3 CH W) | W) Capital Cost (3/41) MNPC {34Wh)| Frac. (L) thrsp | thrs)
(’j& C{;\ 120 b5 £ 46,000 50,704 £838109 0087 000 228024 6201 2534

,l\ @ C{-} 1 120 55 £ 256,000 620  £1180522 0123 020 194269 5838 3227

A\@ (‘j 2 120 55 £ 546,000 63505 £1538074 0160 037 171940 5155 360

A\[’j} [‘_*3 3 120 55 £ 756,000 064 515306770 0133 04% 155806 4655 3639

,,L'r:a e 4 120 55 51046000 79263 §22342%9 0237 058 143735 4306 3549

A\f_fa C{;\ 5 120 5 £1,296,000 87882 52668503 0277 065 1335998 3593 3493

A\@ “ 6 120 55 £1,546,000 5845 £30585%72 0N 0N 126033 3742 3418

Fig. 8.Techno-Economic Parameters of HWDS
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Swygtem Architecture: 1 NORTHWIND 100 Total MPC: 41,180,522
120 k' 120k Diesel Levelized COE: $ 0.123/k'wh
55 kw BBkW Dissel Operating Cost: $ 56,620/

Cost Summary | Cash Flow Electrical | Nw100 | D120 | D55 | Emissions | Houry Data |

ki hiyr 4 Consumption kwhdyr 2 Cuantity Kxwhdr 4
127134 20 AC primary load E16,485 100 Excess electricity 17.587 277
393882 B3 Total E16,485 100 Unmet electic load 0.00293 .00
55k Diesel 107,054 17 Capacity shortage n0an n0an
Total E34,070 100 Quantiy Valus
Renewable fraction 0.20

100 Monthly Average Electric Production

Wind
1 20EW Diesel
20 55 Diesel
g e
2
& 4
20
o Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNawv Dec
Fig. 9.Hybrid power generation by HWDS
System drchitecture: 1 NORTHWIND 100 Total MPC: $ 1,180,522
120 kM 120k Diesel Levelized COE: $ 0123w h
55 I BBk Diesel Operating Cost: $ 5E.620/vr
Cost Summary | Cash Flow | Blectrical | Nw100 | D120 | D85 | Emissions | Hourly Data |
Cost type: Cash Flow Summary
* Net present E00.00C
™ Annualized
500,000
[V Reverse sign
&
E 400,000
-]
Categorize: z
* By component = 300,000+
" By cost type E
[~ Show details 5200.000—
100,000
0
NW100 D120 D55
Compare...
Companent Capital [$] Replacement [$] O [§) Fuel [$] Salvage (§) Total [$]
MORTHWIMD 100 250,000 104,112 88,265 a -23.445 418,932
120k Diezel 25,000 34,463 27EA417 246,714 -4,753 bY7.842
SEkwW Diezel 21,000 35,155 7E.E19 BE.774 5,799 183,748
System 236,000 174,731 440,301 303,453 33,997 1180522

Fig. 10. Cost detailsof HWDS

3. Iftekhar K., Harun C., Roesfiangah R., Firoz A., Tazul |., Sadrul I.
Review of wind energy utilization in South Asia Procedia Engineering
ACKNOWLEDGMENT 2012, 49, 213 - 220,
The author acknowledges thanks to Research Institute of ~ 4 Bartlomiej L, &. Al., Wind energy in Poland — History current state.
the King Fahd University of Petroleum and Minerals Renewable and Sustainable Energy Reviews 2016, 64, 19-33.
g y 5. http://www.gwec.net/wp-content/uploads/2015/02/GWEC_GlobaWind

Dhahran, Saudi Arabia for al the support. Thanks are Stats2014 FINAL_10.2.2015.pdf

extended by the author to NREL and HOMER Energy for 6. NayarCV, etal., Novel wind/diesel/battery system. Solar Energy 1993,

AT 51(1), 65.
ava”ablllty of HOMER software. 7. McGowan JG, Manwell JF. Wind/diesel energy systems: review of
design optionsand developments. Solar Energy 1998; 41(6): 561-575.
REFERENCES 8. Sebastian R. Reverse power management in awind diesel system with a
) o ) battery energy storage. Electrical Power and Energy Systems 2013; 44:

1. Ayodele T.R., et.al., Wind power utilization assessment and economic 160-167.

analysis of wind turbines across fifteen locations in the six geographical
zones of Nigeria. Journal of Cleaner Production 2016, 129, 341-349.

2. Xiao-chaoet.d., Review of developments and insightsinto index system
of wind power utilization. Renewable and Sustainable Energy Reviews
2015, 48, 463-471.

Retrieval Number: D7381118419/2020©0BEIESP

DOI:10.35940/ijrte.D7381.018520 Published By:
Journal Website: www.ijrte.org 2216 Blue Eyes Intelligence Engineering e — e

& Sciences Publication


http://www.gwec.net/wp-content/uploads/2015/02/GWEC_GlobalWindStats2014_FINAL_10.2.2015.pdf
http://www.gwec.net/wp-content/uploads/2015/02/GWEC_GlobalWindStats2014_FINAL_10.2.2015.pdf

Stand-Alone Hybrid Wind-Diesel Power Systemsfor Commercial Loads of Turaif-Saudi Arabia - Techno-Economics
of Hot Desert Regionsfor Sustainable Clean Future

9. Lipman NH. Autonomous Wind-Diesdl Systems for Remote
Applications. Wind Engineering 1988; 12(3): 173-193.

10. E. Akyuz, Z. Oktay, |. Dincer. The techno-economic and environmental
aspects of a hybrid PV-diesd-battery power system for remote farm
houses. Int. J. of Global Warming, 2009, Vol.1, No.1/2/3, pp. 392 —
404.

11. Ginny F., Nataliya U. Factors afftecting success of wind-diesel systems
in remote Alaska communities. Renewable Energy 2013; 57: 554-557.

12. Yu H. et. a. Optimization of hybrid diesel-wind generation plant with
operational options. Renewable Energy 2013; 51: 364-372.

13. Chiara B., Pietro Di F., and Ezio S. Integration of renewable energy
systemsin an Antarctic Research Station. Renewable Energy 2014; 62:
582-591.

14. Annua report, Saudi Electricity Company, Riyadh, Saudi Arabia,
2010-2011.

15. Hasan A. Uncertainties, risks and challenges relating to CO, emissions
and itsimpact on climate in the United Arab Emirates, Int. J. of Global
Warming 2015, 8(1): 1- 17.

16. Shaahid SM., Luai M. Al-Hadhrami, and M.K. Rahman. Economic
Feasibility of Development of Wind Power Plantsin Coastal Locations
of Saudi Arabia- A Review. International Renewable and Sustainable
Energy Reviews 2013; 19: 589-597

17. http://www.nrel.gov/international/toolsyHOM ER/homer.html

18. The King Abdul Aziz City for Science & Technology, Saudi Arabian
Wind Energy Atlas, Kingdom of Saudi Arabia, 1986.

19. Energy sources of Saudi Arabia,
http://www.eia.gov/cabs/Saudi_Arabia/Full.html.

20. http://www.otherpower.com/windbasics2.html

21. http://www.iptv.org/exploremore/energy/profiles/wind.cfm

22. Internal report, Analysis of electric energy consumption in residential

buildings, P/N#12031, Research Ingtitute, KFUPM, Dhahran, Saudi
Arabia, August, 1992 .

AUTHORSPROFILE

S. M. Shaahid. Research Engineer (Faculty), King Fahd
University of Petroleum and Minerals, Dhahran, Saudi
Arabia. E-mail: mshashid@kfupm.edusa . Have
published papers on techno-economics of wind solar
(PV), hybrid power systems. Citations (Scopus) are more
than 1500.

Retrieval Number: D7381118419/20200BEIESP
DOI:10.35940/ijrte.D7381.018520
Journal Website: www.ijrte.org 2217

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.inderscience.com/filter.php?aid=27101
http://www.inderscience.com/filter.php?aid=27101
http://www.inderscience.com/filter.php?aid=27101
http://www.inderscience.com/filter.php?aid=71575
http://www.inderscience.com/filter.php?aid=71575
http://www.nrel.gov/international/tools/HOMER/homer.html
http://www.eia.gov/cabs/Saudi_Arabia/Full.html
http://www.otherpower.com/windbasics2.html
http://www.iptv.org/exploremore/energy/profiles/wind.cfm
mailto:mshaahid@kfupm.edu.sa

