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S l  di tiSolar radiation
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Climatic zones in Lebanon

Solar radiation

Climatic zones in Lebanon 
and solar radiation

Tripoli Nabatiye et Tahta Zahlé Beirut
34°20'37" North 33°22'59" North 33°50'34" North 33°52'57" North

Solar radiation incident at 40º (kWh/m2 mean average monthly day)

34 20 37  North,           
36°0'25" East,                
Elevation: 1382 m.s.m

33 22 59  North, 
35°26'59" East, 
Elevation: 403 m.s.m

33 50 34  North,        
35°55'8" East,         
Elevation: 935 m.s.m

33 52 57  North, 
35°30'46" East, 
Elevation: 61m.s.m

Jan 3.536                         3.598                      3.809                       3.488                     
Feb 4.225                         4.230                      4.484                       4.117                     
Mar 5.162                         5.204                      5.250                       5.057                     
Apr 5.552                         5.716                      5.925                       5.544                     
May 5 661 5 697 5 713 5 537May 5.661                        5.697                    5.713                     5.537                   
Jun 6.194                         6.094                      6.151                       5.917                     
Jul 6.258                         6.162                      6.243                       5.998                     
Aug 6.299                         6.194                      6.313                       6.033                     
Sep 6.170                         6.129                      6.354                       5.895                     
Oct 5.219                         5.282                      5.383                       5.055                     
Nov 4.002                         4.314                      4.240                       4.091                     
Dec 3.213                         3.532                      3.600                       3.309                     
Año 5.128                         5.183                      5.291                       5.007                     
Hp year 5,13                           5,18                        5,29                         5,01                       
HP average 5,15                           



SHWS o ientation and tiltSHWS orientation and tilt
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Solar radiation: Shadow



Solar radiation: Shadow



Solar radiation: ShadowSolar radiation: Shadow



 
R a d ia c ió n  s o la r in c id e n te  s o b re  s u p e rfic ie s  in c lin a d a s  (W h /m 2 x  d ía )        L o c a lid a d : B a rc e lo n a                   L a titu d : 4 1 ,2 º            

Dependence on orientation and tilt
( )

A z im u t: 0 º 

A n g u lo  E N E  F E B  M A R  A B R  M A Y  J U N  JU L  A G O  S E P  O C T  N O V  D IC  A N U A L  

0º 2 .1 9 0  2 .8 2 4  3 .7 4 4  4 .8 0 6  5 .47 0  6 .1 6 3  6 .4 4 6  5 .5 5 1  4 .1 3 9  3 .0 6 7  2 .1 5 3  1 .6 4 3  1 .4 6 8 .3 2 9  

5º 2 .4 7 6  3 .0 8 1  3 .9 4 1  4 .9 1 9  5 .49 8  6 .1 4 7  6 .4 5 3  5 .6 4 1  4 .3 0 6  3 .3 0 2  2 .4 0 8  1 .8 7 1  1 .5 2 4 .2 6 5  

1 0 º 2 7 6 4 3 3 2 0 4 1 1 6 5 0 0 7 5 50 1 6 1 0 5 6 4 3 1 5 7 0 2 4 4 7 4 3 5 1 8 2 6 5 0 2 0 8 8 1 5 7 3 7 4 61 0  2 .7 6 4  3 .3 2 0  4 .1 1 6  5 .0 0 7 5 .50 1 6 .1 0 5 6 .4 3 1 5 .7 0 2  4 .4 7 4 3 .5 1 8 2 .6 5 0 2 .0 8 8 1 .5 7 3 .7 4 6

1 5 º 3 .0 3 5  3 .5 4 0  4 .2 6 8  5 .0 6 7  5 .47 8  6 .0 3 8  6 .3 8 0  5 .7 3 4  4 .5 6 6  3 .7 1 3  2 .8 7 6  2 .2 9 3  1 .6 1 3 .4 9 0  

2 0 º 3 .2 8 8  3 .7 3 9  4 .3 9 5  5 .1 0 1  5 .43 0  5 .9 4 4  6 .2 9 8  5 .7 3 6  4 .6 5 8  3 .8 8 8  3 .0 8 5  2 .4 8 4  1 .6 4 5 .3 7 0  

2 5 º 3 .5 2 0  3 .9 1 6  4 .4 9 6  5 .1 0 6  5 .35 5  5 .8 2 2  6 .1 8 7  5 .7 0 7  4 .7 2 4  4 .0 3 8  3 .2 7 5  2 .6 6 0  1 .6 6 8 .3 2 2  

3 0 º 3 .7 3 0  4 .0 6 8  4 .5 7 2  5 .0 8 4  5 .25 3  5 .6 7 4  6 .0 4 6  5 .6 4 7  4 .7 6 2  4 .1 6 5  3 .4 4 5  2 .8 2 0  1 .6 8 2 .0 9 6  
Yearly highest solar radiation 

3 5 º 3 .9 1 6  4 .1 9 6  4 .6 2 1  5 .0 3 4  5 .12 7  5 .5 0 1  5 .8 7 5  5 .5 5 7  4 .7 7 3  4 .2 6 7  3 .5 9 3  2 .9 6 2  1 .6 8 6 .6 0 8  

4 0 º 4 .0 7 6  4 .2 9 8  4 .6 4 3  4 .9 5 7  4 .97 7  5 .3 0 3  5 .6 7 7  5 .4 3 8  4 .7 5 6  4 .3 4 2  3 .7 1 9  3 .0 8 5  1 .6 8 1 .7 5 0  

4 5 º 4 .2 1 0  4 .3 7 2  4 .6 3 7  4 .8 5 3  4 .80 3  5 .0 8 1  5 .4 5 3  5 .2 8 9  4 .7 1 3  4 .3 9 1  3 .8 2 1  3 .1 8 9  1 .6 6 7 .5 6 6  

5 0 º 4 .3 1 6  4 .4 2 0  4 .6 0 4  4 .7 2 3  4 .60 6  4 .8 3 8  5 .2 0 3  5 .1 1 4  4 .6 4 2  4 .4 1 4  3 .8 9 8  3 .2 7 2  1 .6 4 4 .2 1 0  

5 5 º 4 3 9 4 4 4 4 0 4 5 4 4 4 5 6 8 4 39 0 4 5 7 6 4 9 3 1 4 9 1 2 4 5 4 4 4 4 0 9 3 9 5 1 3 3 3 4 1 6 1 1 8 0 2
Optimal tilt for regular hot water consumptions

5 5 º 4 .3 9 4  4 .4 4 0  4 .5 4 4  4 .5 6 8 4 .39 0 4 .5 7 6 4 .9 3 1 4 .9 1 2  4 .5 4 4 4 .4 0 9 3 .9 5 1 3 .3 3 4 1 .6 1 1 .8 0 2

6 0 º 4 .4 4 2  4 .4 3 2  4 .4 5 7  4 .3 9 0  4 .15 4  4 .2 9 6  4 .6 3 9  4 .6 8 5  4 .4 2 1  4 .3 7 7  3 .9 7 8  3 .3 7 4  1 .5 7 0 .6 7 3  

6 5 º 4 .4 6 1  4 .3 9 6  4 .3 4 5  4 .1 8 8  3 .90 3  4 .0 0 3  4 .3 2 9  4 .4 3 6  4 .2 7 3  4 .3 1 9  3 .9 8 0  3 .3 9 2  1 .5 2 1 .1 5 4  

7 0 º 4 .4 5 1  4 .3 3 3  4 .2 0 8  3 .9 6 7  3 .63 6  3 .6 9 6  4 .0 0 4  4 .1 6 6  4 .1 0 2  4 .2 3 4  3 .9 5 6  3 .3 6 9  1 .4 6 3 .6 7 9  

7 5 º 4 .4 1 1  4 .2 4 3  4 .0 4 6  3 .7 2 6 3 .35 8 3 .3 8 2 3 .6 6 7 3 .8 7 9  3 .9 0 8 4 .1 2 3 3 .9 0 6 3 .3 6 3 1 .3 9 8 .7 5 6

p g p

8 0 º 4 .3 4 2  4 .1 2 6  3 .8 6 2  3 .4 6 8  3 .07 1  3 .0 6 3  3 .3 2 3  3 .5 7 5  3 .6 9 4  3 .9 8 8  3 .8 3 2  3 .3 1 6  1 .3 2 7 .0 2 1  

8 5 º 4 .2 4 5  3 .9 8 4  3 .6 5 6  3 .1 9 6  2 .77 9  2 .7 4 3  2 .9 7 6  3 .2 5 9  3 .4 6 0  3 .8 2 9  3 .7 3 3  3 .2 4 7  1 .2 4 9 .1 8 6  

9 0 º 4 .1 1 9  3 .8 1 8  3 .4 3 1  2 .9 1 2  2 .48 4  2 .4 2 8  2 .6 3 0  2 .9 3 3  3 .2 0 8  3 .6 4 7  3 .6 1 0  3 .1 5 7  1 .1 6 6 .1 0 7  

 



Dependence on orientation and tilt

In LebanonIn Lebanon, 

Optimal tilt for maximal year round production : around 27ºto 35º

Optimal tilt for regular hot water consumptions : around 39ºto 45º



H t t  ti

Hot water demand is the largest uncertainty in the design process!

Hot water consumption

Hot water demand is the largest uncertainty in the design process! 
Consumption values adopted for SHW CEDRO sizing (l/day):

Type of HW consumer Liters of HW at 60ºC
Single-family house 30 personSingle family house 30 person
Multifamily house 22 person
Hospitals and clinics 55 bed
Hotel **** 70 bed
Hotel *** 55 bed
Hotel ** 40 bed
Residence (students/ old people) 55 bed
Shower room 15 service
Schools 3 pupil
Sport Arena 20 person
Restaurants  5 to 10 service



Reference Data



Climatic Data



HW production: required energy



Solar collector characterisation



Sizing the solar collector array 
Reference solar collectorReference solar collector



Sizing the solar collector array 

More efficient collector



Solar fraction – CEDRO projects
Solar 

Fraction
Annual

Production
Annual

ConsumptionCapacity (l)CollectorsCollectorDaily hot
water

Solar 
Fraction

Annual
Production

Annual
ConsumptionCapacity (l)CollectorsCollectorDaily hot

water

7387 779119 4833 00036ffi i t

6981.875   119.483   3.000   60   reference
2.000SHW 2.000

6521.180   32.572   1.000   9   more efficient

7022.857   32.572   1.000   18   reference
500SHW 500

Fraction
(%)

Production
(MJ)

Consumption
(MJ)

Capacity (l)Area(m2)typewater
consumption

7387 779119 4833 00036ffi i t

6981.875   119.483   3.000   60   reference
2.000SHW 2.000

6521.180   32.572   1.000   9   more efficient

7022.857   32.572   1.000   18   reference
500SHW 500

Fraction
(%)

Production
(MJ)

Consumption
(MJ)

Capacity (l)Area(m2)typewater
consumption

69482.319   698.887   17.000   181   more efficient

69483.583   698.887   17.000   340   reference
12.000SHW 12.000

68240.235   351.244   8.000   90   more efficient

64225.868   351.244   8.000   144   reference
6.000SHW 6.000

7387.779   119.483   3.000   36   more efficient

69482.319   698.887   17.000   181   more efficient

69483.583   698.887   17.000   340   reference
12.000SHW 12.000

68240.235   351.244   8.000   90   more efficient

64225.868   351.244   8.000   144   reference
6.000SHW 6.000

7387.779   119.483   3.000   36   more efficient

ff

67   23.901   35.469   1000900   18   reference
550 10Ehden

(%)(MJ)(MJ)Ut. (capacity)(L)(m2)(L/day)

Yearly
solar 

fraction

Annual
Production

Annual
Consumption

Number solar 
hot water tank

Capacity
calculated

Collector
areaCollector type

Rated daily hot
water

consumption

Current
Number of 

Equiped Beds
Hospital

ff

67   23.901   35.469   1000900   18   reference
550 10Ehden

(%)(MJ)(MJ)Ut. (capacity)(L)(m2)(L/day)

Yearly
solar 

fraction

Annual
Production

Annual
Consumption

Number solar 
hot water tank

Capacity
calculated

Collector
areaCollector type

Rated daily hot
water

consumption

Current
Number of 

Equiped Beds
Hospital

67216 366322 2744 x 20007 200144reference50 50 (t b

72   232.676   322.274   4 x 20004.515   90   more efficient

67   216.366   322.274   4 x 20007.200   144   reference
5.500 100Kesrwan

69   90.186   131.071   2000 + 10001.800   36   more efficient

66   86.209   131.071   2000 + 10003.000   60   reference
2.200 40Sir El 

Donnieh

65   22.964   35.469   1000450   9   more efficient

67216 366322 2744 x 20007 200144reference50 50 (t b

72   232.676   322.274   4 x 20004.515   90   more efficient

67   216.366   322.274   4 x 20007.200   144   reference
5.500 100Kesrwan

69   90.186   131.071   2000 + 10001.800   36   more efficient

66   86.209   131.071   2000 + 10003.000   60   reference
2.200 40Sir El 

Donnieh

65   22.964   35.469   1000450   9   more efficient

69   483.732   704.681   4 x 4000 + 
10009.030   181   more efficient

69   486.992   704.681   4 x 4000 + 
100017.000   340   reference

12.100 220Tripoli

72   232.676   322.274   4 x 20004.515   90   more efficient

67   216.366   322.274   4 x 20007.200   144   reference
5.500 50 + 50 (to be 

added)Sebline

69   483.732   704.681   4 x 4000 + 
10009.030   181   more efficient

69   486.992   704.681   4 x 4000 + 
100017.000   340   reference

12.100 220Tripoli

72   232.676   322.274   4 x 20004.515   90   more efficient

67   216.366   322.274   4 x 20007.200   144   reference
5.500 50 + 50 (to be 

added)Sebline





Thank you for your attention

xavier vallve@tta com esxavier.vallve@tta.com.es


