
Maximizing The Effic iency Of W ind And 
Solar-Based Power Generat ion By GIS And 
Remotely  Sensed Data In Qatar

Qatar  has  a  high potent ia l  to  develop renewable  energ y generat ing systems spat ia l l y  through solar  and 
wind-based technologies . Although, substant ia l  ini t iat ives  have been under taken in Qatar  to  reduce the 
high per  capita  emiss ions of  the Greenhouse Gases  (GHG), solar  and wind-based energ y generat ion can 
a lso s ignificant ly  contr ibute  to  the mit igat ion of  c l imate change. The mean Direct  Normal  Irradiance 
(DNI) of  Qatar  i s  about  2008 kW h/m2/y, which is  sui table  to  develop solar  power systems, knowing 
that  1800 kW h/m2/y i s  enough to establ i sh Concentrated Solar  Power (CSP) plants . Although, the 
cost  factor  for  developing the solar  based power generat ion systems is  about  twice  the gas  based power 
generat ion, i t  generates  environmental  f r iend ly  energ y a long with keeping the l imited gas  resources . 
Moreover, being aware that  3  m/s  i s  the cr i t ica l  wind speed to generate  power, Qatar  exper iences  wind 
speed over  the cr i t ica l  speed in a lmost  80% of  t ime that  i s  a  great  potent ia l  to  develop wind-based 
energ y systems. In terms of  economic feas ibi l i t y, the minimum requirement of  number for  fu l l  load hours 
i s  1400 whi le  the number for  Qatar  i s  higher  than the cr i t ica l  va lue. Fur thermore, establ i shing wind 
power plant  i s  cheaper  than the gas-based one in off-shore locat ions even though the power generat ion 
is  lower. This  paper  expla ins  a  methodolog y to determine the most  sui table  s i tes  for  developing the 
solar  and wind-based power plants  in  order  to  maximize the ef f ic iency of  power generat ion us ing remote 
sensing and GIS. Analyses  are  carr ied out  on two sets  of  spat ia l  data  der ived from a recent  Landsat  8 
image such as  land cover, urban and bui l t-up areas , roads , water  sources , and constra ints , a long with 
bands 10 and 11 ( thermal  bands)  of  same sensor  for  the year  2014, a  DEM (Digita l  Elevat ion Model) 
der ived from SRTM V2 (Shutt le  Radar  Topography Miss ion)  to  generate  s lope, aspect , and solar  maps, 
and wind data  obtained from Qatar  meteorolog y depar tment. The data  are  used to conduct  two para l le l 
Mult i-Cr iter ia  Evaluat ion (MCE) techniques  based on each object ive  of  development (solar, and wind 
power plant  development)  through the fol lowing stages : (1)  data  preparat ion and standardizat ion us ing 
categor ica l  data  resca l ing, and fuzzy set  membership funct ion, (2)  Logist ic  Regress ion-based analys is 
to  determine suitabi l i t y  of  each pixel  for  des ired object ive  of  development. The analys is  produces  two 
dist inct  sui tabi l i t y  maps such that  each one addresses  sui table  areas  to  establ i sh solar, and wind power 
plants . The obtained suitabi l i t y  maps then are  processed under  a  mult i-object ive  land a l locat ion model 
to  a l locate  the areas  that  show the highest  potent ia l  to  develop both solar  and wind-based power 
generat ion. Results  show that  the off-shore sui table  s i tes  for  both object ives  are  mainly  distr ibuted in 
the nor th and nor th-west  regions of  Qatar.
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