Introduction

This assignment evaluates the approximate indoor lighting levels in Abdul Kader’s apartment in
Mar Elias, Beirut, Lebanon. The installed lighting arrangement was documented room by room,
including rounded ceiling spotlights and downlights, indirect smooth ceiling lighting (also called
cove lighting), LED lighting on ceilings or walls (either white or warmer white (yellowish),
mirror lighting (also either white or yellowish). Yellowish meaning warmer white, simply. The
goal is to estimate the maintained illuminance in lux for each space and compare the result with
the typical household values provided (in the course’s material).

The calculation follows the lumen method used in the course material, the pictures taken are used
to classify the visible lighting sources and visually approximate each room’s dimensions.

The apartment lighting circuits are also visibly grouped in Abed’s home panelboard, under
‘Lights’. The photographed section contains 6x Schneider Electric MCBs, specifically 2x C16 A
breakers and 4x C10 A breakers.

Part 1 — Methods and Assumptions

1.1 Lumen Method

In class, illuminance is defined as luminous flux per unit area, where 1 lux = 1 lumen/m**2. For
more than one source type in a room, the maintained illuminance is estimated using:

Y (N x® x CU x LLF)
A
where E is the maintained illuminance (lux), N is the number of luminaires (or strip length in

meters), ‘phi’ is the source luminous flux, CU is the coefficient of utilization, LLF is the light
loss factor, and A is the room area in m**2.

B =

In the slides, CU values are given being 0.6-0.8 for rooms and 0.3-0.5 for corridors. We used a
single LLF of 0.85, which is the midpoint of the range of 0.8-0.9 used in the slides. Lower CU

values are used for cove and wall lighting because part of their light is first reflected from room
surfaces before reaching the working plane.



Abdul Kader couldn’t identify the exact brands of the 3 main lighting types used in his home
being: Small Spotlights, Large Downlights, and LED Cove/Strips. We couldn’t know their exact
‘W’ and ‘Im’ ratings, so we searched the web to know a rough estimate for each of the three
types, even though they may not be available on the lebanese market (all details included in the
Reference list at the end).

Please note that same luminous flux of 800 Im/m was used for both Cove LED (thick yellowish
LED) and Strip LED (white LED), but lower CU for the Cove ones, as the light is indirect and
reflects off the walls, and also different CU for the Strip LED depending on location.

Additionally, recessed means rounded spotlights/downlights, providing a yellowish lighting, and
that cove lighting summarizes those hidden smooth LED that create a soft environment. (Most of
the time yellowish, sometimes white, that’s where they’re called LED Strips)

1.2 Different Lighting Sources Identified

Observed What we actually see | Rating used Usual Location

Bedrooms, entrance,

Small Recessed LED Small rounded yellow | 4.6 W and 410 Im/small .
bathrooms, living and

Spotlights spotlights spotlight dining rooms
Larger Recessed LED Same as the small ones | 10 W and 800 Im/large | Kitchen, laundry room,
Downlights yet larger in size downlight balcony
Smooth yellow lighting
Indirect LED Cove & around the ceilings & Approximately 800 Ceiling edges (or
LED Strips White LED lines on the |Im/m Coves) and wall lighting
walls

Lighting emerging from
Mirror LED mirrors’ borders, in each
of the 3 bathrooms

Assumed a 900 Im total | Across 3 mirrors (each
for each mirror. in a bathroom)

1.3 Room Dimensions

Room dimensions are approximates, visualized by the naked eyes. The same dimensions are
used consistently in all calculations below.

Part 2 - Observed Home Lighting Arrangement

The following pictures show the installed lighting throughout Abed’s apartment, used in the
calculations. (Please note that there are reflections visible in mirrors, but they are not counted as
additional luminaires).
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Figure 1 - Abed's Apartment Panelboard, Lights
Section



Figure 5 - Master Bedroom Ceiling Figure 6 - Master Bedroom's Mini Corridor
Ceiling

igure 7 - Master Bedroom's Toilet Ceiling ‘ Figue 8 — Main Toilet Ceiling



Figure 12 - Dining Room Wall



' aigure 15 - Guests' Toilet eiiing Wall Figure 16 - Entrance Ceiling



Figure 17 - Living Room Ceiling Figure 18 - Living Room Wall




Part 3 - Lighting Calculations

The lumen method equation is applied to every space. The calculations below show the
calculated illuminance E in lux for every space in the apartment, photographed just above. Also,
a summary table containing all results in included at the end.

3.1 Engineering Calculations

E-2 N Pecinsss) bl ctuling

A \—\w-cf— =R R

LD &V‘?Hl x width %‘j{(&'ﬁbq

no- & Oyhn
[F"rieﬂ skef, v@wﬂl
e Wy 02,\9{1’; )f\\m} 95%({ (oundal SP&}’&}MS JA(O/,»,

ﬁ/,wa( { Buncled o@@ﬂ*@})ﬂk5b7cb/h
role ¢ spa%ymb —3 Sﬂh‘g&%‘:}f\k @C&U&X%xgp LE): 9% [m/m

O?&UC\W__J éb@d (Dundld o Fauch Mitcor )JEN = 909 Om/m
a&—Qx’VD 4?1'}’*(5 (in & k’»"ﬂwﬂ”@m)

E&ufc 3 -&@Oram 5

ez Soi e B dmiz (22
ol
(2 fultyhhs + xauwd Um sve LE)

/ J
Ve K= llm
(P - 4l m D - Poolmsy
(V= Q-# CU= © 4§ (W (U snce rliect)

£ CRxuld, 07 %099 (xS 0. US A 0.2
1%

= 3¢9 Y



Q@mi 2 (eicidor QDN\zchn) P d toomys
—_— -
Ae B0 )2Cm=6¢ m2
ad|
6 sultphts + awd Lm Gp LE)

| N
VNS N-45
4)_, LA m ’\[) - Yoolmp
C U" o,[\ (_U: 0.5

E: [ékk(OyO[()(Q-?S‘j,f(gk ZQQ/\o.gKO.Z‘Sj
< =8

2L hany

= E@uru. - B drom 9

4 - b fnx30m=ume
19 5p5aé{’7%+; + aad IS Cowe LF)

/ d
M=o K=l Gn
§b - d A m CD = {oolmypm
C I = 0¥ C_U: O U

- _HOxl0, 0292 ) 1 (- Chtior 0 4.
924

Z]
3207 Mo



’__\_.—-——x
Ae Lm x 4Cm =25 me
Jmal|
Y spattphs + Nawd [Im Cow LE)

| 4
b= b= 13
fP — o m D - Foolayi
=07 Co=0o-ug

B ol by TR o1t (U3 x990 10 -4s, 0.
cl K

* b I

Fgure ¢ — Mugler foliam i (ider
[4.. Yl inies it
3 5&227&59 M- 3
) gb - A m
(U= 0k

Ee 5 0l co o =134 Luy
o EpRE S,




Figuce #- Nusta Griwom TRikj
—p AL gm 20m = E b’
forol
2 )pcyti?z‘?bt” mires L£))
g J
A/: 4 M:j.
P40 B - 4004
C UV=0€S CU=0g

B Mo 06 00 (i ons o, 275
6l =

) Lux

e d - Han T
-4 - vazf“ = 4m?
F _Spdzi'fyhtf + NI LE))
A/::ﬁ /uz[j_
gb:édo/m fj) = 490 4
(V=065 (CU=0g4

e e

ammm—

%)

g e i
3| Lnx



bgure § - Kitehen Cottidor
ZA: Sdmx |t =630 2

7- é@_&ﬂ)%l‘?&f .SD.,U_—?
.{b_,gsng

o (U= 9k
Eetl oeonsmiiisg s o 2B
6- 3%
et e e KoeD
A: Qkpnx (@ m=b3)m2
/ “

3 &pwgf.‘?&r Sosfy =3
,4)_, 800 Y

ol =97

= sz?@)cé‘?xQ-?S'; 30 Dng
f-3)

+4:Kﬂ\x3m = /{A
il e
7 spatlplty , ¢ Daundighs
=
b= # /uzéé
¢3:4l9 Im (D - 0 On
CV=9% (CU=0-%

C. (;xmo;\O-SS’x9275")4‘—(5»7@*9_72

e

= Z}‘D Do

xﬂggy



Egurg_g 12 X [3 ﬁé{n:n—:) Poon
/\_’_\_(_/—/\
/A:h‘gm\(ét-zme 20 fgm?

Mem (@ LE) T 3 Wall CH<p ZE)

| )
VNV K=3n
D - Joolm/n D - Footn/
( V=9bs Al

E - [//L {00 x 0-USx 945 ) +( 3, §o0 ,.O. 3xi)5>;)
20.(¢
< 2/(3 ~Qw><

Roure Jk = (indatked by

4 Son xlém- ? me
L 5/)&2107;& + Nawd S Cow LF)

| .Z
A/:I« l(}—_gm
¢) - Al m q) - Yoolmp,
C VU=0( CO= 2«

£ e s e lc x0d DT
> 5

= 2 1C A



9‘94@ | S— Guests’ Taikt
+4= Zn\y('s’m = gmz

lonlae LE) o mires 1E))
L
w: {QO‘Q”)/M :b =ﬁt90'&\
CU=04S (- 0.4

E: (/gx X)OxDﬁ/(S‘;eD-éZ( ) ¥ (’KC_jDOk 9_4\_ 0_/9

3 .
2306 Vi

F[?u“& [6 - E/ﬁ“faf)fa,

e g
4‘-’ J"'V\MIXZJ m = (3 me
4 Sp;é{’7/+; + wd T SIP LE)

{ J
M:Af M; =4 Za
D - aldm D - foolmp

E.(¥~50,.95x 025y (Axs10x O Sx0-83)
giia e

bl



Foufes /’7‘)( ¥ —~ Liv £ ésm
A-Sa/Cmng m=53.0 ml
/ (6~ Cove L&) +24m Wall SKKP LE) + 9 5«1{ J%{Pyﬂf
/ g

N =i m K =24 M N=F
O - fooln'm - foolom P - «104m
( U=z 0hS Cu=93 (l-o-F
(16 13002 94S e T9S) 4210 592,026+ (9 11 - 07205
& 238
= 2[% ‘é,\,x
Fure (4 D¢
—af: by [6m - 6l pnl
q): Zm-pm
Cuc 0.5¢

e (] fop . 0sgods) - frtag
S N




3.2 Results Summary Table

Visually Typical
Space a§sume_d Arii Vls_lble source Cal_culated level (also |Judgement
dimensions |(m**2) |estimate E (inlux) |.
in lux)
(m)
12 Small Spotlights Way above typical
Bedroom 1 |4.5%x3.8 17.1 +11 m Cove 368 50 bedroom level
Bedroom 6 Small Spotlights + Much higher than
Corridor 5.2x1.25 6.5 5mLED 390 30 typical corridor level
10 Small Spotlights Above typical
Bedroom 2 |4.8x3.8 18.24 +11.5 m Cove 327 50 bedroom level
Master 8 Small Spotlights + .
Bedroom 5%4.5 22.5 13 m Cove 264 50 High for a bedroom
Master . .
Mini 24x13 312 |3 Small Spotlights |134 30 Above typical corridor
. level
Corridor
Master 4 Small Spotlights + Below typical
Toilet 2.8x2.2 6.16 Mirror LED 222 300 bathroom level
. . 7 Small Spotlights + Slightly above
Main Toilet|3x2 6 Mirror LED 341 300 bathroom target
Kltchen 5.8x1.1 6.38 7 Large Downlights |298 30 Abo_ve far above
Corridor corridor target
:iité?gry 2.4x1.8 4.32 3 Large Downlights (331 200 Above laundry target
. 6 Large Downlights 100 or 300
Kitchen 5%3 15 + 7 Small Spotlights 280 or 500 Near target
Dining 14 mCove+3m In range (slightly
Room 4.8x4.2 20.16 wall LED 243 100 or 200 above 200 Ix)
Windowed 4 Small Spotlights + .
Balcony 5x1.6 8 5 m LED 275 50-100 Higher than needed
Guests' 1.5mCove +1m
Toilet 2x1.5 3 mirror LED 306 300 Approx. at target
Entrance  13x2.3 6.9 7m L_ED + 4 Small 446 30 Way ab_ove entrance
Spotlights (or corridor) need
- 8 Small Spotlights + . . o
'F'{'(;g”mg 6.5x5.2 338 |16mCove+24m |217 30 E‘%?S"‘(’)';h all lighting
Wall LED Yers on.
Balcony  |4x1.6 6.4 2 Large Downlights (117 50-100 Above usual




Part 4 — Conclusion

4.1 Overall

The apartment is not under lit in in the pictures, only in 1 out of 3 bathrooms (but even those,
shouldn’t be called ‘under lit” rather roughly 20% below their average range). Every room
reaches or exceeds the typical ambient value used for its space type, but the master bedroom’s
bathroom. The living room, the laundry room, the dining room and balconies are in a decent
range for their jobs, while the bedrooms, corridors, entrance and living room are way brighter
than the minimum household lighting.

In class we said that more light is not always better but doesn’t mean that the design used at
Abed’s home is poor, it is rather more expensive yet more flexible too, but as engineers our goal
is to lower the cost all while maximizing the output’s potential. The apartment uses layered
lighting, ceilings provide direct light, while walls provide softer indirect light. Note that these
layers can be switched separately, so as a user can select a lower ambient scene instead of
turning all sources on at once. (which is technically impossible too, even if we wanted to,
remember we live in Lebanon...)

4.2 Special Cases

The kitchen deserves a separate comment because the lecture gives different values for different
tasks. The calculated room average is about 280 lux, which is well above the 100 lux general
kitchen value and very close to the 300 lux cooktop value, but below the 500 lux preparation
value. The smaller local lights along the edge are therefore important because task illuminance
should be evaluated at the edge itself, not only from the average lux value of the room.

Also the master bedroom’s toilet is below the typical 300 lux bathroom value at 222 lux, so the
lighting in this bathroom should be increased to better match the typical recommended level.

4.3 Final Judgement

After applying the calculations, the installed lighting is adequate throughout the home. The main
observation is not a shortage of light (shortage only in 1 out of 3 toilets, out of 16 spaces in the
house), but that several spaces are heavily illuminated when every lighting layer is on (but Abed
never turns on all lights available in a room). The most efficient operating practice is to use the
different types of circuits according to the activity being performed, while keeping the higher
task light levels where they are actually useful.



References

» EECE 475 Chapter 6’s Indoor Lighting Calculations Slides, Dr. Malek Chebaro,
Department of ECE, AUB.

» For Small Spotlights:
https://www.signify.com/global/prof/led-lamps-and-tubes/led-spots/philips-

essential-led-spot-qu10/929001218182 EU/product?utm source

CorePro LEDspot GU10, 4.6 W warm-white (yellowish), 410 Im.

* For Large Downlights:

https://www.signify.com/global/prof/indoor-luminaires/downlights/philips-

smartbright-led-downlight-dn016/929002067212 EU/product

SmartBright LED Downlight DN016, 10 W also warm-white, 800 Im.

* For Cove/LED Strips:
https://www.ledvance.com/en/gtin/4058075237223

LEDVANCE LED STRIP SUPERIOR-800, approximately 800 Im/m.

e Pictures of Abdul Kader’s home in Mar Elias, Beirut, Lebanon, 61 of October

2026.

llluminance - Recommended Indoor Light Levels

Environment Footcandles Lux Activity Hluminance,
{bx, lumen/m*)
Living Room 3 30 Public areas with dark surroundings 20-50
Bedrooms 5 50 Simple orientation for short visits 50-100
Areas with traffic and comidors - stairways, escalators and travelators - lifts -
Kitchen-General 9 100 storage spaces 100
Kitchen-Stove/Cooktop 28 300 Working areas where visual tasks are only occasionally performed 100 - 150
Warehouses, homes, theaters, archives, loading bays 150
Kitchen-Prep Counters “7 500 Coffee break room. technical facilities. ball-mill areas, pulp plants. waiting rooms. 200
Dining-Informal 9 100 Easy office work 250
Class rooms 300
Dining Room-Reading/Writing 12 200 Normal office work, PC work, study library, groceries, show rooms, laboratories 500
Bathrooms 28 300 check-out areas, kitchens, auditoriums
Supermarkets, mechanical workshops, office landscapes 750
Hallways 3 30 Normal drawing work, detailed mechanical workshops, operation theaters 1000
Garage-Vehicle Ba 20 200 Detailed drawing work, very detailed mechanical works, electronic workshops, )
9 s testing and adjustments 1500 - 2000
Garage-Workbench 93 1000 Performance of visual tasks of low contrast and very small size for prolonged 2000 - 5000
periods of time
Laundry Room ] 200
y Performance of very prolonged and exacting visual tasks 5000 - 10000
Basement Rec Room 14 150 Performance of very special visual tasks of extremely low contrast and small size 10000 - 20000
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