(o2 Al 4 81 Craaa Badaia ABUa Al g aluatdy) Jayadlil)
403 grad) Ayl dStaal)

e (g3 anly

Sg%
) i - iy ) daaa Gy adlae o]

ﬁJwAdJﬁA_JLAJSLA‘#Ju,JJ

Caliiual)

ASLeall (e Ay i) Adaiall & A0 Ay 1 soaaial) AdUall cpmd SUST g Jaydadd Al Al 1) 238 (parials
2343 el jeSIL Al Agy )1 o8l oda Jie Adadl i) Jall g Cpagdl A8UAD AUai 400 gaudl Gy yall
Zll) A8l 5 dpuall LAY 8l Al Al )2 aida g k) o 8 Laliall) sane ye A3l <l 403 b shaa
Sle bl 565 dal e e dld e e 4 sl 4 jal) ASLaall 8 Jiise 23 gad JS5 4501 4 53l 3]
a5 Ol 53858 A6l 5eS Culal g ddlia) ) 8 &5 ¢ Agdall 35f sall 238 dsm g a2e Alls B 5L Sl Jeal)
Ao juy owadl) g ladY) Clily dalas da 5,k o3 3 Yl a3 Cagd) allaill (o335 Apdalial iy jUay AL
3 ks (el el o) ol &5 a3 gl AUail e 6 3aS el LS A jaal a8 gall 8 Zalidl £ )
Aiaiiie AlSs AU, 40Ul 4 jal) aati | el agila Jaai s LSl dae 5 Sl g 58 (e 2 Sall 48 12l 4
Sl el s il g gl (e Ay 8l b JLa (e e L8 A Sl dead) e callal) Galissl

el Y € e IS (alil¥) aae daw gl Gl shall Baxsie Alu ja e o 5 jle I



hoeSI Ll daak Jlay) o5 4 8 aliie 4k eS Jleal dads pe in ) Gin Silasleal) o3a sl o
gl AUl alail Lgtiasl o ol yal) 4l 2 580 250 jeSH JlaaBU ) gaai (55 ooy Adlaiall & Jaills L]
Adil y alaill 48 g8 gal) G Abaliall e 43l dusll A8l dakil e gmde Jaadl LA Slme aaing
Gl Jae 5 Ay &5l jladl o 5al) Aadail dew s Ol Cilal e aladind ce aY) aall g dpaliady)
Ganzay sl Lobiadl SY) aUaill sl aig ¢ saaaial) 28Ul 5 ) se (e dalide e sanal daliaily) dalH))
3pany ¢ callally el Jes )55y ¢ el gl 8 A8l 3 ) se d sl 4y jall A8 Culalaa) & ) et
Agllen Y ARl Julis L1 Sl W) 8 Ladal Cangy A Lt 1 3 i) o a5l aadl) a5 aaY) Gl
oy alail 131 4y gl Jaandial 5 5 50 Calls 5 i) Jaanil) Andil i) 3088 5 Cpmgl) Uil cp A3U) Al 53
plaiual g ¢ AAIS5 J81 pe e el LA 5 o3 Aalidall A8 3 ) s il oSa arand ALeSll o) jaY) ) S5 25 ¢ A4y Hhal)
Al Cangdl alaill 4 i) Jaial) A81SS f Jas b (JiaY) o jliicly daddl) 48 6 5 g J0al) il s (e (S50Y) sl

A Al il das gl J el g JLA (e S



Techno-Economic Planning of Hybrid Renewable Energy
System for a Remote Village in Saudi Arabia

By

Basem Darwesh Malhani

Supervised:
Prof. Abdulaziz M. J. Alshareef

Prof. Sreerama Kumar R

Abstract

This thesis involves the planning and optimization of a hybrid renewable energy system
for a remote village in the Southern region of Saudi Arabia. Hybrid energy system is a
suitable solution for electrification of such remote rural areas where the grid extension is
not economical. In this thesis a stand-alone photovoltaic (PV) -Wind hybrid energy
conversion system is investigated. Further, in order to supply the load demand in the
absence of these resources, it is proposed to have a diesel generator supply and a battery
backup feeding the hybrid system. The available solar irradiance and wind velocity data
in the location is first analyzed to see its potential for utilization as a part of the hybrid
system. Then the physical survey is performed to know more about the type of buildings,
number of occupants and their life style. The remote village has a low population density

and low load demand. Nearly 90% of the houses in the village are traditional type. The



remaining are concrete multi-storied buildings. There is an average of 4 to 7 persons in
each house. This information along with the similar electrical load demand profile of an
already electrified village in the region is utilized to generate the load profile of the
identified village for the hybrid energy system. The criterion of selecting the best hybrid
energy system combination for a proposed site is based on the trade-off between reliability,
cost and minimum use of diesel generator sets and capacity of storage systems. From the
cost comparisons of different combinations of renewable energy resources, the most
economical system is selected which ensures power supply continuity. Timely availability
of energy resources, load demand-supply balance, minimum-maximum operating limits
of the units are the major constraints to be considered while minimizing the total cost of
power generation from the hybrid Renewable Energy System (HRES). The optimal
operating strategy and annual life cycle costs of this configuration are determined. In the
same manner, the entire procedure is repeated for all combinations of various energy
resources. The combination with lowest cost, minimal use of diesel generators and service
reliability is selected as the optimal one. The annual operation cost of the hybrid system is
observed to be significantly less than the only diesel generator option considered for the

village.



