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Abstract Key words 
A concept of indoor solar illumination is described and simulated. 

The solar illumination system is composed of a tracking primary 

reflector, a selective secondary reflector, a visible light guide and a 

scattering solid glass tube fixture. Each part of the solar illumination 

system is optically suited and compatible with other parts to realize 

high efficiency. The simulation is conducted for Baghdad city for a 

library hall. Two major days over a year are chosen to investigate the 

illumination system for acceptable visible light level for reading hall. 

The two days are: summer solstice day and winter solstice day at 

8:00 AM and 12:00 PM for each. Research results showed that the 

design of the solar system is achieved on the base of minimum solar 

illuminance level at the starting day for office work at 8:00 AM on 

21 December. Aluminum coated dish  is the preferred comparing 

with silver coated dish which their solar illuminance for one meter 

dish diameter are so close for reading hall visible light level. Their 

values are 538Lux for Aluminum and 589Lux for Silver.          
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 محاكاة لمنظومة انارة شمسية داخلية لقاعة مكتبة في مدينة بغداد

 هشام عبد الملك عبد المجيد , سوسن خلف فندي , زهراء عبد الحسن

 وزارة العلوم والتكنوجيا

 الخلاصة
عاكس ثانوي وفكرة الانارة الشمسية الداخلية قد تم وصفها و محاكاتها. تتألف منظومة الانارة الشمسية من عاكس اولي متتبع  

دليل بصري للضوء المرئي وانبوبة زجاجية صلدة لتشتيت الضوء المرئي. كل جزء من اجزاء منظومة الانارة وانتقائي  

الشمسية يكون متناسبا و متوافقا بصريا مع الاجزاء الاخرى و ذلك لتحقيق اعلى كفاءة للمنظومة. تم اجراء المحاكاة لقاعة 

نتخاب يومين من ايام السنة للتحقق من مستوى الانارة المقبول لقاعة مكتبة. اليومان المنتخبان هما مكتبة في مدينة بغداد. تم ا

يوم الانقلاب الصيفي ويوم الانقلاب الشتوي للساعة الثامنة صباحا والساعة الثانية عشرة ظهرا لكلا اليومين المنخبين. بينت 

ى الانارة الشمسية الدنيا و التي تكون عند بداية يوم عمل عند الساعة نتائج البحث بأن التصميم تم انجازه على اساس مستو

من شهر كانون الاول. اشارت النتائج الى ان الافضلية هي لطبق ذو قطر متر واحد مغطى بالالمنيوم  12الثامنة صباحا من يوم 

يتوافق لمتطلبات مستوى انارة لقاعة  على طبق ذو نفس القطر الا انه مغطى بالفضة لكون مستوى الانارة لكليهما متقارب و

 لوكس للطبق المغطى بالفضة. 855لوكس للطبق المغطى بالالمنيوم مقارنة بـ  835مكتبة. كانت مستويات الانارة 

 

Introduction  

      Solar  daylighting is a  technology  that  

flexibly  brings  sunlight  inside  buildings  

to decrease the electricity needed for 

lighting,  to  provide  natural   light,  and  to  

 

decrease the energy needed for cooling (as 

the technology displaces electrical lighting 

loads). The sunlight is collected on a rooftop 

using a tracking solar concentrator. The light 
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is focused into fiber optics that carries the 

light down into the building below [1]. The 

fiber optics can be routed around obstacles 

to deliver light into spaces that would be 

inaccessible via other daylighting options. 

The sunlight can then be integrated with the 

existing lighting infrastructure via modified 

luminaries, or via stand alone sunlighting 

fixtures that augment the existing fixtures 

[2]. A daylight harvesting sensor completes 

the integration package by allowing the 

electrical lighting load to be reduced 

commensurate with the available sunlight. 

This integration, which adds the “hybrid” to 

the technology name, allows the electric 

lights to be dimmed when the sun is bright 

or run at full power during the night or when 

it is cloudy. This enables a constant level of 

lighting inside the building [3]. 

 

      Principle of Operation 

 
Fig.1: Solar lighting system, where 1 is primary 

reflector, 2 is secondary reflector, 3 is fiber 

mount, 4 is large core optical fiber, 5 is angled 

stand with altitude tracking mechanism, and 6 

is azimuth tracking mechanism [4]. 

When sunlight is plentiful, the fiber optics in 

the luminaries provides all or most of the 

light needed in an area. During times of little 

or no sunlight, a sensor controls the intensity 

of the artificial lamps to maintain a desired 

illumination level. Unlike conventional 

electric lamps, the natural light produces 

little to no waste heat, having an efficacy of 

200 lumens/Watt and is cool to the touch. 

This is because the system’s solar collector 

removes the infrared (IR) light from the 

sunlight— the part of the spectrum that 

generates much of the heat in conventional 

bulbs. Because the optical fibers lose light as 

their length increases, it makes sense right 

now to use hybrid solar lighting in top-story 

or single-story spaces [5].                                                                                                                                             

Solar Lighting System Simulation  

Simulating solar lighting system needs 

knowing all technical details of all optical 

elements composing the system [6], which 

are: 

1 – Primary reflector (dish) coated with 

highly reflective material of given 

reflectivity (ρ). The geometrical dimensions 

should also be given, such as: diameter (d), 

depth (h), focal length (f), rim angle (ψrim), 

parabolic radius (p), and surface area (As), 

see Fig. 2.                                                   
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Fig.2: Shows geometrical dimensions of 

primary reflector (dish) [7]. 

2 – Secondary reflector (cold mirror) is a 

selective optical element; material of this 

element is Borosilicate coated glass .Cold 

mirror is used to separate IR from the solar 

spectrum. It transmits IR bands (hot band) 

and reflects visible band (cool light). 

Transmittance and reflectivity of this 

element should be given and visible portion 

percentage should be known.                                                                                                  

3 – Plastic optical fiber (POF) is prepared to 

guide visible light to the interior. POF has 

large diameter to contain diameter of 

concentrated sun spot image to maintain 

high efficiency of this element and also has 

large numerical aperture, NA. POF has the 

type of polymethyl methacrylate, PMMA. 

Diameter, length, NA and average 

attenuation of the POF should be known.                                                                                                                                 

4 – Grooved glass rod is prepared to scatter 

visible light transmitted from POF. This rod 

plays the role of a fluorescent tube but 

without electricity. Grooves on the surface 

of the glass rod guide the direction of 

scattered visible light, see Fig.3.                                   

 

 
Fig.3: Grooved glass rod for scattering solar 

visible light [8]. 

                                                                                                                                          

Simulation Related Equations 

Performance efficiency of solar illuminance 

system is determined by simulating the 

related equations which describe the 

geometrical dimensions of the system as 

follows [9]:                

 

1 – Primary Reflector (dish) 

 Dish depth is calculated as: 

 

f

d
h

16

2

                                                   (1)  

Dish focal length is calculated as: 

 

)
2
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                                          (2)  

Dish surface area is calculated as: 
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                     (3)  

Dish geometric concentration ratio is 

calculated as: 

r

s
r

A

A
C                                                      (4)  

where Ar is receiver area, in our research it 

will be area of sun spot image concentrated 

on the cold mirror which will be then 

reflected to the plastic optical fiber. 
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2- Secondary mirror (cold mirror) is of given 

data (transmittance and reflectivity). 

3 – Plastic optical fiber transmission (Tpof) is 

constrained by its length (Lf) and average 

attenuation coefficient (αf) as follows: 

 

1010
ff L

pofT



                                           (5)  

 

4 – Scattering glass rod transmission (Tglass) 

is also constrained by its length (Lg) and 

average attenuation coefficient (αg) as 

follows: 
gg L

glass eT


                                             (6)  

Methodology 

Methodology of this paper is conducted 

simulation program for daylighting 

illumination system to design the required 

optical elements dimensions as optimum 

values are based on the following key 

parameters [10]:  

  

1 – The city at which the designer has to 

conduct his simulation, namely the latitude, 

2 – The time period over a day at which 

solar flux has minimum and maximum 

values, 

3 – The major and minor days for solar flux 

levels over a year, 

4 - The acceptable visible light level for 

reading hall in photometric scale. 

Solar irradiance (I) that reaches the earth's 

surface is based on Hottel's Clear – Day 

Model [11]  

and given as:  

I = In + Id + Ir                                           (7) 

where In is direct normal beam solar 

irradiance, 

           Id is diffused solar irradiance. 

           Ir is reflected solar irradiance. 

 

                         (8) 

                                                                                                                                                                                                                                                         

where Io is extraterrestrial solar irradiance 

and given as:   

)]
25.365

360
cos(034.01[

n
II SCo   (9)  

where ISC is  solar  constant,  its  value is 

1367 W/m
2
 

n is Julian day. 

θz is the solar zenith angle . The parameters 

ao, a1and k are given below for clear               

atmosphere. 

 

ao = 0.4237- 0.00821(6-A)
2
                   (10) 

a1 = 0.5055 + 0.00595 (6.5 – A)
 2

          (11) 

k = 0.2711 + 0.01858 (2.5 – A)
 2

             (12) 

where A is the local elevation in kilometers. 

 

Results and Discussion 

To design an optimum parabolic dish has 

highest geometrical concentration ratio, a 

relationship between concentration ratio of 

the parabolic dish and its rim angle should 

be considered carefully, see Fig. 5.                                                                                           
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Fig.5: Shows the relationship concentration 

ratio of the parabolic dish and rim angle. 
 

It is clear that ψrim = 55° is the optimum for 

highest concentration ratio. Now the key for 

geometrical design is obtained by knowing 

the optimum rim angle. 

For choosing proper surface area for the 

dish, knowing the solar irradiance over a 

year for Baghdad city (Latitude is φ = 33° 

20' N) will make the choice easy. Maximum 

and minimum levels for solar irradiance are 

the base for electing the corresponding days 

over the year. June 21
th

 is the maximum 
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level while Dec. 21
th

 is the minimum level, 

see Fig. 6.                                                                                                                                        
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Fig.6: Shows the behavior of direct solar 

irradiance for chosen days. 

 

The optical system for direct solar irradiance 

is designed according to two major days 

over a year, namely the solstice days on 21 

June and 21 December, see Table 1. 

 
Table1: Shows simulated direct solar 

irradiance reaches Baghdad city for chosen 

days. 

Direct Solar 

Irradiance, W/m2 

Time Day 

608.1776 8:00 AM 21 June 

773.7154 12:00 PM 

241.5614 8: AM 21 Dec. 

614.1756 12:00 PM 

 

Optical Elements Efficiencies 

 

Applying different parabolic dish diameters 

versus reflected direct solar irradiance for 

chosen days are shown in Fig.7. 
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(b)                                                                  

Fig.7: Shows different parabolic dish diameters 

versus reflected direct solar power for (a) 21 

June (b) 21 December. 

 

Reflected visible solar power from the cold 

mirror is shown in Fig.8. 
 

 

Table2: Shows efficiencies of solar lighting 

optical elements. 

Optical Efficiency  Optical Element 

82.08778 % Primary Reflector 

(Parabolic Dish) 

40.5 % Selective Secondary 

Reflector (Cold 

Mirror) 

54.056 % @ (Lf 

=10 m, αf = 0.25 

dB/m) 

Plastic Optical Fiber 

(POF) 

47.49 % @ Lg = 1 

m , αg = 10
-5

 mm
-1

) 

Scattering Glass Rod 
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                            (b) 
Fig.8: Shows reflected visible solar power from 

the cold mirror versus dish diameter for (a) 21 

June (b) 21 December. 

  

Transmitted visible solar power from the 

plastic optical fiber is shown in Fig. 9. 
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(b) 

Fig.9: Shows transmitted visible solar power 

from the POF versus dish diameter for (a) 21 

June (b) 21 December. 

                        

Scattered visible solar power from the glass 

rod is shown in Fig. 10. 
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 (b) 
Fig.10: Shows scattered visible solar power 

from the glass rod versus dish diameter for (a) 

21 June (b) 21 December. 

 

Scattered visible solar luminous flux from 

the glass rod is shown in Fig.11. 
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(b) 
Fig.11: Shows scattered visible solar luminous 

flux from the glass rod versus dish diameter for 

(a) 21 June (b) 21 December. 

 

Scattered visible solar illuminance from the 

glass rod is shown in Fig.12. 
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(b) 

 

Fig.12: Scattered visible solar illuminance from the glass rod versus dish diameter for (a) 21 June (b) 

21 December. 

 

To find the proper illuminance for human eye, see Table (3) which shows the level of each case 

as follows: 
Table 3: Illuminance for human eye level of different cases. 

Example Illuminance, (lux) 

Total starlight, overcast sky [12]. 10
-4

 

Moonless clear night with airglow [13]. 0.002 

Quarter moon. 0.01 

Full moon on a clear night [12] [14]. 0.27 

Full moon overhead at tropical latitudes [15]. 1.0 

Dark limit of civil twilight under a clear sky [16]. 3.4 

Family living room [18]. 50 
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Hallway / toilet [12] [18]. 80 

Very dark overcast day [12]. 100 

Sunrise or sunset on a clear day. 400 

Office lighting [12] [13] [14]. 500 

Overcast day [12], typical TV studio lighting. 1000 

Full daylight (not direct sun) [19]. 10000 - 25000 

Direct sunlight. 32000 - 130000 

 

For reading hall, the corresponding item in above mentioned table; office lighting is the proper 

choice which matches 500 lux. 
Table 4: Different dish diameters versus different geometric dish parameters and solar irradiance for 

chosen days. 

 

Lux 

(Lm / m
2
) 

Lumen 

(Lm) 

Reflector 

Material 

Type 

Direct Solar 

Light 

(W/m
2
) 

Time Date Dish Width 

(cm) 

663.7982 13022.42 Al 608.1776 8:00 AM 21 Jun. 70.0 

725.5469 14233.81 Ag 

844.4752 16566.95 Al 773.7154 12:00 PM 

923.0311 18108.06 Ag 

263.6533 1572.361 Al 241.5614 8:00 AM 21 Dec. 

288.1792 5653.511 Ag 

670.3447 13150.85 Al 614.1756 12:00 PM 

732.7024 14374.18 Ag 

979.7324 19220.43 Al 608.1776 8:00 AM 21 Jun. 85.0 

1070.87 21008.38 Ag 

1246.402 24451.97 Al 773.7154 12:00 PM 

1362.347 26726.57 Ag 

389.1389 7634.142 Al 241.5614 8:00 AM 21 Dec. 

425.3378 8344.295 Ag 

989.3947 19409.99 Al 614.1756 12:00 PM 

1081.432 21215.56 Ag 

1356.815 26618.05 Al 608.1776 8:00 AM 21 Jun. 100.0 

1483.03 29094.15 Ag 

1726.122 33863.13 Al 773.7154 12:00 PM 

1886.691 37013.18 Ag 

538.912 10572.4 Al 241.5614 8:00 AM 21 Dec. 

589.0433 11555.87 Ag 

1370.196 26880.56 Al 614.1756 12:00 PM 

1497.656 29381.08 Ag 

1954.712 38347.62 Al 608.1776 8:00 AM 21 Jun. 120.0 

2136.546 41914.84 Ag 

2486.759 48785.32 Al 773.7154 12:00 PM 

2718.085 53323.5 Ag 

776.39 15231.25 Al 241.5614 8:00 AM 21 Dec. 

848.6123 16648.11 Ag 

1973.99 38725.81 Al 614.1756 12:00 PM 

2157.617 42328.21 Ag 

(Al) stands for aluminum coating and (Ag) stands for silver coating. 
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Aluminum coated dish diameter of 1.0 meter 

is the threshold for solar illumination system 

for  reading   hall  on  21  December  at   

8:00 AM. 

 

 

 

 

 

The following technical data are given in 

Table 5 for system engineering.   

 

 

 

 

 

                                                                                                                                                                                                                                                     

Technical data 

 
Table5: Technical data for solar illumination system design. 

Amount Unit Parameter Optical Element 

1.0 (m) Diameter, d  

 

 

Parabolic Dish 

55° (Degree) Rim Angle, ψrim 

48.0 (cm) Focal Length, F 

13.02 (cm) Depth, h 

0.8355451 (m
2
) Surface Area, As 

86.0 )%( Surface Reflectivity, ρd 

16443 - Concentration Ratio, Cr 

8.041 (mm) Concentrated Spot Diameter, Sd 

380 - 740  (nm) Spectral Range  

Cold Mirror 

 
90.0  (%) Reflectivity, ρm 

30.0 (mm) Diameter, φ 

10.0 (m) Length, Lf  

 

POF 
10.776 (mm) Diameter, df 

1.49 - Core Refractive Index, nf 

0.25 (dB/m) Attenuation Coefficient, αf 

0.5 - Numerical Aperture, NA 

1.0 (m) Length, Lg  

 

Glass Rod 

 

2.5 (cm) Diameter, dg 

10
-5

 (mm
-1

) Attenuation Coefficient, αg 

538.912 (Lux) Illuminance Flux 

 

Applying Silver coated surface to the 

parabolic dish will increase the following 

parameters: 

1 - Dish optical reflectivity will be increase 

to 94 rather than 86 for Aluminum. 

2 – Dish optical efficiency will be increase 

to 89.7238 % rather than 82.08778 % for                    

Aluminum. 

3 - Solar illuminance will be 589.0433 Lux 

rather than 538.912 Lux. 

 

Conclusions 

Solar illuminance system is the new 

approach of cheap lighting for homes, 

buildings, offices and factories. This 

technique is an environment friendly. 

Implementation of this technique could be 

achieved by national efforts and their 

required items for composing are available 

in the local market. The design of the solar 

system is achieved on the base of minimum 

solar illuminance level over a year for 

Baghdad city at the starting day for office 

work at 8:00 AM. Aluminum coated dish 

(communication satellite dish, available in 
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the local market) is the preferred comparing 

with silver coated dish which their solar 

illuminance for one meter dish diameter are 

so close for reading hall. Their values are 

538.9 Lux for Aluminum and 589.04 Lux 

for Silver.                                                                                                                         

 

 

References 

[1] J. Muhs, American Solar Energy Society, 

SOLAR2000. 

[2] Dye, D., Wood, B.D., Fraas, L., and 

Muhs, J., Proceedings of the ASME 

International Solar Energy Society 

Conference, Hawaii, 2003. 
[3] J. L. Lindsay, Applied Illumination 

Engineering, 2nd Edition, the Fairmont 

Press, Lilburn, Georgia, 1997, p. 395. 

[4] D.D.Earl, , and L. C.Maxey, , SPIE 45th 

Annual Meeting. San Diego, Ltd. Political 

Science and Technology, SPIE, Bellingham, 

WA, 2003. 

[5] J. D. Muhs, CADDET Energy Efficiency 

Newsletter December 2000, p. 6. 

[6] D. D. Earl, J. D. Muhs,  American Solar 

Energy Society,( 2001) April 21-25.  

[7] Geyer, Micheal, Stine B., William, J. T. 

Lyle Center 2001. 

[8] Maxey, L.C., D.D. Earl, and J.D. Muhs, 

SPIE Proceedings, San Diego, CA, 

International Society for Optical Energy. 

SPIE, Bellingham, WA. 2003. 

[9] A. Rosemann , H. Kaase,. Solar Energy, 

78 (2005) 772–780. 

[10] J.D. Muhs, NCPV and Solar Program 

Review Meeting, NREL/CD-520-33586, 

2003. 

[11] H. C. Hottel, Solar Energy, 18, 2, 

(1976) 129. 

[12] Radiometry and photometry in 

astronomy FAQ, section 7, Paul Schlyter. 

(1980). 

[13] Roger Fouquet, Edward Elgar  

publishing, 2008 ISBN 1-84542-660-6, page 

411. 

[14] Bunning, Erwin; and Moser, Ilse (April. 

Proceedings of the National Academy of 

Sciences of the United States of America 

62,4 (1969) 1018–1022. Retrieved 2006-11-

10. 

[15] F. A. Barnes, Electro-Optics Handbook: 

Technical Series EOH-11, RCA 

Corporation, Harrison, NJ , 1974, p.70.  

[16] Pears, Alan "Chapter 7: Appliance 

technologies and scope for emission 

reduction" Strategic Study of Household 

Energy and Greenhouse Issues. Australian 

Greenhouse Office. p. 61, (June, 1998).  

[17] Australian Greenhouse Office (May, 

2005). Working Energy Resource and 

Training Kit: Lighting. Archived from the 

original on April 15, 2007. 

 [18] W. Kim and Y. Koga, Building 

Environ 38 (2004) 1435-1442. 

[19] Hanselaer P, Lootens C, Ryckaert W, 

Deconinck G, Rombauts P. Lighting 

Research & Technology, June 2007. 

 

 

 

 

 

 

 

 

 

http://stjarnhimlen.se/comp/radfaq.html#7
http://stjarnhimlen.se/comp/radfaq.html#7
http://en.wikipedia.org/wiki/Special:BookSources/1845426606
http://www.energyrating.com.au/library/pubs/pears-ago1998.pdf
http://www.energyrating.com.au/library/pubs/pears-ago1998.pdf
http://www.energyrating.com.au/library/pubs/pears-ago1998.pdf
http://www.greenhouse.gov.au/lgmodules/wep/lights/index.html
http://www.greenhouse.gov.au/lgmodules/wep/lights/index.html

