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An example of lighting design for a shopping mall in Hong Kong

A v
\ / < / MOKO, Grand Century Place

Hong Kong, China
Architect: Aedas
Completed in December 2015, MOKO is a 7-storey .
shopping mall located in Mongkok, Hong Kong. A
comprehensie lighting strategy was developad to
match with the architectural design and to meet

chient’s marketing strategy for the fast-paced rﬂ
business. We worked closely with the architéct and
client to develop a scheme that defines e space with
specialised lighting clements.
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(Source: https://www.arup.com/perspectives/publications/promotional-materials/section/lighting-design)




Basic concepts @

What is Light? ¢

Light 1s a form of electromagnetic radiation with
an electric field & a magnetic field oriented at
right angles and varies 1n magnitude 1n a direction
perpendicular to the propagation direction

Ultraviolet | Infrared
100-400 nm 770-1,000,000 nm

| |
2 3 4 586789 2 3 4 567809

100  wavelength2. 1,000 (nanometers) 10,000




Essential elements of light and human vision YR A& Ry EE AT 2

Cosmic Rays Higher Frequency Lower Frequency

Gamma
Rays

X-Rays 1 1 i i
500 600 700
Wavelength (nm)

Ultraviolet Rays

Visible Spectrum

Infrared Rays

J

Short Hertzian Waves

Radio Waves

Object
Observer

[Color Science, Texas A&M University http://www.isc.tamu.edu/%7Eastro/color.html]



Correlated colour temperature (CCT) of lamps J&HYAH[EE R
Warm Neutral Cool Cold

1800K 2800K 3500K 5000K 7500K 10000K

2200K 3000K | 4100K | 6500K 9000K
! l ( (

Setting P — North
Sun Residential _ o
Interiors ~ Commercial y
Interiors
Hotel
Interiors

[Source: www.benyalighting.com]




Lighting terminology

Important terms
Luminous flux Y78 = (lumen, Im), ®

Radiation Light power emitted by a source or received by a surface (radiant
value flux according to the spectral sensitivity of the human eye)

A candle flame generates about 12 lumens
Fluorescent lamp 32W = 3,300 lumens

Luminous intensity J:5& (candela, cd), /

ilende;- Luminous flux per unit solid angle in the direction  _ >
Hlde vae in question, / = d® / do (o = solid angle, in steradian)~ s
Rocin [lluminance B2EAE (Im/m?, or lux), E -
[
e_i,lfz;een Light energy arriving at a real surface, £ = d® / dA (A = receiving

surface area) (“lumen per unit area”)
value




Practical examples of illuminance H&HHE

Lumens "E=_Lumens
' | Area
| Wit : Lux
Symbol ; E
L | ¥ & |
A . lluminance:

s Areal m%)

summer, at noon, under a cloudiness sky 100 000 lux
Ditto, but in the shade 10 000 lux
In the open under a heavily-overcast sky 5000 lux
Artificial light, in a well-lit office 1000 [ux
Artificial light, average living-room 100[ux
Street lighting 5-30 lux
Full moon, on a clear night 0,25 lux

(Source: Philips Lighting, http://www.lighting.philips.co.in)




Lighting terminology

Important terms
Luminance *ZE (cd/m?), L

Sender- Luminous flux density (/) leaving a projected surface in
side value a particular direction (often called “brightness™)

L=1/dA.cos® =(dD/dw) / dA.cosb

dwo = solid angle containing the given direction

dA = area of a section of that beam (the source side)
containing the given point

0 = the angle between the normal to that section and the
direction of the beam
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Practical examples of luminance =&
Surface of the sun 1 650 000 000 cd/m*
Filament of a clear incandescent lamp 7 000 000 cd/m=
Bulb of an 'Argenta’ incandescent lamp 200 000 cd/m<
Fluorescent lamp 5000 -15 000 cd/m<
Surface of the full moon 2500 cd/m*=
Sun-lit beach 15 000 cd/m=
White paper (reflectance 0,8) under 400 lux 100 cd/m=
Grey paper (reflectance 0,4) under 400 lux 50 cd/m=
Black paper (reflectance 0,04) under 400 lux 5 cd/m*
Road surface under artificial lighting 0,5 - 2 cd/m*<

(Source: Philips Lighting, http://www.lighting.philips.co.in)




[lluminance and luminance (Source Lessons in Lighting, http://www.lightolier.com)

average
chart luminance Pupil Area

of 150 cd/m’ {19.6 mm’ for a pupil
(ranges from diameter of 5 mm)

100 - 200 cd/m")

Luminance

g luminance

YYY

Retinal
llluminance
w/s, (2945 trolands
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\ j /FIUK ' pupil)
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Lighting terminology

Important terms

% « Luminous efficacy of a source (Im/W), n

Ratio between the luminous flux emitted and the power

E‘:: consumed by the source

RE How well a light source produces visible light
http://en.wikipedia.org/wiki/Luminous efficacy

iﬁt Spectral power distribution (SPD) curves

E Curves to show the visual profile and colour

% characteristics of a light source

45 Plot of relative power emitted in the different regions of

fic the spectrum




Historical and predicted luminous efficacy of light sources
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(Source: US Department of Energy)




Spectral power distribution (SPD) curves J{:5Z D357 i
Outdoor daylight Incandescent

North Sky 10,000K

Sun And Sky 6,000K

Sun 5,300K

Relative Power For Equal Lumens
Femdll 2tk Power [LIV 10nerel uenen )

SO0 : 3 450 §00 &50
Wavelangth (nmj) Warvleriglh [am)

Fluorescent lamp (Daylight) Low pressure sodium (LPS)

Radiant Fower (LW 10nmiLumens)
Radant Power | 10nmel umens)

300 350 400 450 500 550 500 & 2 450 600
Wiavelength (nm) Wiaval ariglti {mim)
(Source: GE Lighting, http://www.gelighting.com)




Lighting equipment

Anatomy of a “lighting system™

Ballast

Lighting components

Power source il

Power controller: switching/dimming

Power regulators: ballasts q

Light source: lamp

Optical control: luminaire or fixture |

Environmental components \ E

Room finishes: reflectances and texture
Spatial envelope: room boundaries
Fenestrations: windows and skylights




Basic components of luminaire & ELAYE: A 4H 50350 47

Lamp holder &
burning position

Housing

Reflector

Light source

Lamella shielding

[Source: Philips Lighting]




Examples of light sources for general lighting




Lamp shapes and bases ¥HYTE IR EE R

Q@G@o?@

Type A Type B Type Type BR Type C Type ER TypeF Ty

AVATRR

Type K Type P Type PAR Type PS5 Type R Type RP TypeS TypeT

%%%%%@Q;%

Medium 3 Cont. Med. Mogul 3 Cont. Megul S-14s Mini Cand.

ug)
WO
<)

(Standard) Med. Skirted Mogul Prefocus Cand.

N = 14 r——a‘" L 4 I
BINESIS BB C=GP |
Cand. Cand. R&r:essed Metal Medium
Bayonet  Prefocus Inter- Single  Sleeve Side End Multi-

SC/DC SC/OC  mediate Cont. Flex Lead Prong Prong purpose




[Source: http://www.ksmak-sir.com/pdf/EIT.zip]




Fluorescent lamps & starters 25 Y- HIFEE) 25

'= 600mm
| 908mm I
j [ ': 900mm
| 121 3mm |
1200mm
N =

[ 1514mm

[Source: http://www.ksmak-sir.com/pdf/EIT.zip]




Glow Type Fluorescent Lamp Circuit (B{HE=EE glQ'E%)

Semi Resonant Start Type Fluorescent Lamp Circuit (FEEHR=CEEEEE

SR IR):

° -o—
£ s
_0_3 Y& Fluorescent Lamp E
SHfitas
Choke
P |
WA
L Capacitor

'
N

O 3 0
Lo ' O—ﬂ E Qi
o Eo
F a5

Semi Resonant Start Type Choke

o Il o

i 7525 Capacitor
(5.5 uF)
e
N 3 J¢& Fluorescent Lamp
oO——0-

11

[Source: http://www.ksmak-sir.com/pdt/EIT.zip]




Quick Start Fluorescent Lamp Circuit (FRZRFEE)EE BEEL):
_0_3 J¢%& Fluorescent Lamp E‘_ . |
Ay
2obdi HRABRE
Auto-transformer
o—]}—o o
B
Capacitor
L o]

Electronic Choke Fluorescent Lamp Circuit (251387 25 )¢S BEEL):

i)

~
O
7

3

Yt& Fluorescent Lamp E

O O

[Source: http://www.ksmak-sir.com/pdf/EIT.zip]
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Principle of LED and structure of high power white LED*
LEDJRH K KT H Y LEDSE 1w

ull i Ed
_ ﬁ o Reflector
3 LED Die &
p-type H n-type - Phosphor

o Lens
N

%

o o o
OOOOOOOO’OOO o o oY

O/O O O—Q @ o .V\. at?® Substrate

electron . 1
# -— Structure of high power white LED

® 90 @ ® ® @ conduction band

---------- Fermi level

.......... band gap

c
.8 (
O00000 Ob‘ Ty (forbidden band)
valence band

(* See How LED Works, http://www.omslighting.com/ledacademy/)




Design & maintenance practice 7o

Three main functions of lighting: BEEAHY = & F ZrhaE

Ensure the safety of people A\ E%Z74

Facilitate the performance of visual tasks {174

Aid the creation of an appropriate visual #& 2%
environment

b s e
. = ,“




[Source: CIBSE Lighting Code]




Localised lighting /5 2} H&HEH

ﬁ% 5

[Source: CIBSE Lighting Code]




[Source:

Local (task) lighting
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Design & maintenance practice 79~

I
Lighting control equipment: AT

ottt e | =)
Switches samanr || ~238
\ | lor closats hc:%:;uﬂlr-:-nu FRE
Occupancy sensing Y =
Scheduling (timeclocks) [Wa" _.f;“'“] N T @ -
. . . a Iaur;:’- EurEi A ! ; H2-1-ﬁt_:fnlligtht
Daylight dimming eave theroom v
: 417 = anehiow v
Tunlng = % = | turn on lights |
~f

Preset dimming m
_. - Easy-10-install

Building management K © )| | e 2 A
Remember: switch off unnecessary 11ghts1




Design & maintenance practice%

i S T 2 e
Maintenance of lighting system ™ RS

Periodic cleaning of lighting fixtures & lamps

Decreases light loss & improve light levels
Spot or group replacement of lamps
Reballasting (starters)

Miscellaneous maintenance

e.g. replace lenses or louvers, damaged parts

Periodic repainting or cleaning of the room
surfaces (ceiling, walls, and floor) to maintain
optimum light reflection characteristics




Lamp maintenance effect ¥ E{F& 5
100 —T—T—T—T—T

Luminaire cleaned

% of initial illuminance

Luminaire cleaned & relamped
Maintained illuminance

0 ]

(.
W

Time (yrs)

Maintained i1lluminance 1s the value below which the average illuminance is not allowed to
fall. When a lighting installation is planned, account needs to be taken of the fact that
luminaires, lamps and rooms age and become soiled in the course of time. As a result,
illuminance decreases. To compensate for the loss, every new installation needs to be
designed for higher illuminances (= illuminance on installation). The lighting designer takes
account of the decrease by applying a maintenance factor:

Maintained illuminance = (maintenance factor) x (illuminance on installation)

[Source: Thorn Lighting]
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SREC EDG)
Emergency lighting

Main purpose (when normal lighting fails)
Guide people quickly & safely from the building
Enable specific tasks to be completed

' - e N
Avoid panic Lo & W
: f‘.’f(\ ((@ “'“'
Restore confidence —

Design shall follow the relevant regulations (e.g.
fire services) & standards/codes (e.g. BS52606)

Also, exit signs & signage lights £

(See also: Emergency Light — Wikipedia http://en.wikipedia.org/wiki/Emergency light)




Specific forms of emergency lighting and design drawings
ESIRIARY B AGIP 2\ Exa T Bl Emergency Lighting

——————

Emergency escape lighting

'\

|
Standby lighting

Escape route Open area High risk
lighting (anti-panic area) task area lighting
lighting
FIRE ALARM CALL POINT CHANGEOF DIRECTIoN. | = [ILDAIN |‘:"\
‘ / 1 I Ji FIRE ESCAPE
Ih
: = : X < TOILET
> Qh X | e e ight
Exterior lighting leading .
evacuees away from INTERSECTION
final exit FINAL EXIT A _
f i = w m B[]l
N ' : 1
L w [N [
I LIFT / EXTINGUISHERS
= | Aﬂ/CHANGE OF LEVEL
5 o -
Wi Exit Signs
' | %mem\a Luminaire //1' v E
Emw PLANT ROOM
Luminaire

(Source: ICEL 1006: Emergency Lighting Design Guide http://www.icel.co.uk)
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Emergency lighting P

Three typical types:
Emergency lighting (when normal lighting fails)

Escape lighting (assure means of escape)
Escape route, open area (anti-panic), high risk task area

Standby lighting

Design requirements:
[1lumination level = 1 lux; uniformity 40 : 1
Must be 1n operation < 5 sec, last for 1 or 2 hours -
Correct positioning & power supply | "
Battery backed up & automatic switch on l




Emergency lighting & signage on escape route

Centreline of corricdor P Frioil et
requires min 0.2 lux

o it 5 LY
r, oy T o .,
' i 4
¥ F ol 4
: ' %” ' o i
: u, . Q i - .-.- -
p
1 .-. o
= W

Directional signs
indicate escape

50% of the width of a -::!enrfy
defined escape route up to 2 m
wide recuires min 0.1 lux

RAE PR AR E A IE I BHAIAEAS

(Source: Thorn Lighting, UK)




Emergency lighting h

Two types: 9
Maintained luminaires (=P | E X ITWI“

Permanently 1lluminated, and remain illuminated when
power fails, such as for emergency exit lighting

In some cases they may be switched off deliberately, but

woe oy are usually required to be active when a building is

| ! occupied, or when the public are admitted, such as for a
theatre

Sustained or non-maintained luminaires
May be switched on and off normally FF4E BT E4HERES
If the power fails, they turn on automatically




Escape route with
transverse luminaires

Transverse spacing
to wall

Transverse spacing
between luminaires

Figure 20: Transverse spacing between emergency luminaires,

within a 2 m wide corridor

w , :itﬁ: u; 0.5 lux.

Example of an escape route lighting design
e AR PR AR IR R B

&

1.0 lux min. on centre
line of escape route

(Source: http://www.emergi-lite.co.uk/)




Energy efficient lighting

HK Building Energy Code (BEC)*

Code of Practice for Energy Efficiency of
Building Services Installations

2018 Edition { ZZZEYIRE IR ST R )

Technical Guidelines on the Code of Practice
2018 Edition

Energy Efficiency Labelling Scheme (HK)*

FEEERY s
Compact fluorescent lamps (CFLs), LED

(* See also www.beeo.emsd.gov.hk and www.energylabel.emsd.gov.hk)
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(Source: EMSD)

THRE

Air-conditioning

installation

~ EEFICIENCY
ORDINANCE ( CAP. 610))
(RREEARE B (%)) 5B 610E

Lift and escalator
installation

(See http://www.beeo.emsd.gov.hk for details)
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(Source: EMSD)

Compact Fluorescent Lamps (CFLs)

Lhis indicsles The enery PERCENTAGE OF
etficiency qrading of the ENERGY SAVING

e, Cirscker T preaducly
art trs | el hioenl (geeon)
and have an average lamp

Compact Fluorescent Lamps {CFLs)

5 =
[T g3l 8. 0CHY hars o Grade 1 vs Grade 5
abave. Garade & products
Fapcs s et iange g Bl 1 8 %

ot below G000 hours (red)

A& TIPS
fswitch off lights that

“are not In use.

Lt lurmineus efTieeay of

the madel. A higher
nmiber indicales that e

prrocduc s ok eThcen |

(See www.energylabel.emsd.gov.hk for details)




Energy efficient lighting

HK Building Energy Code: energy efficiency
requirements for lighting installation HREH4E
1. Lighting power density (LPD) HEBATHREE
Reduce lighting power
2. Lighting control point H&ERH#ZEHEE
Facilitate effective operation; reduce energy use

3. Automatic lighting control H ®hiEBE#ZH

Such as daylight responsive control, occupant sensor,
time scheduling, dimmer control system




(Source: BEC 2018)

Maximum [ Automatic Lighting
Type of Space Allowable Control Required
LPD (W/m?) (Yes / No)
Atrium / Foyer with headroom over 5m 17 Yes
Bar / Lounge 13 No
Banquet Room / Function Room / Ball Room 17 No
Canteen 1 No
Car Park 5 Yes, at parking
spaces only
Changing Room/ Locker Room 10 Yes
Classroom / Training Room 12 Yes
Clinic 15 No
Common Room/ Break Room 8 Yes
Computer Room / Data Centre 15 Yes
Conference / Seminar Room 14 Yes
Confinement Cell 12 No
Copy/ Printing Room, Photocopy Machine Room 10 Yes
Corridor 8 Yes
Court Room 15 Yes
Covered Playground (underneath building)/ Sky Garden 12 Yes
Dormitory 8 Yes
Entrance Lobby 13 Yes
Exhibition Hall / Gallery 15 No
Fast Food / Food Court 14 No
Guest room in Hotel or Guesthouse 13 No
Gymnasium / Exercise Room 11 Yes
Indoor Swimming Pool, for recreational or leisure 15 No
purposes
Kitchen 13 No
Laboratory 15 No
Lecture Theatre 13 Yes
Library — Reading Area or Audio Visual Centre 12 No
Library — Stack Area 15 No
Lift Car 11 Yes
Lift Lobby 10 Yes
Loading & Unloading Area 8 Yes
Long Stay Ward for elderly 15 No
Nurse Station 13 No
Office, enclosed (Internal floor area at or below 15m?) 12 Yes
Office, Internal floor area above 15m? and of or below 10 Yes
200m?
Office, Internal floor area above 200m? 9 Yes
Pantry 12 Yes




Sample calculation for lighting power density (LPD)

Table 5.7 : LPD Calculation for Multi-functional Space
Space. Function-specific Luminaires LPD (W/m?)
Function Luminaire Quantity | Total Circuit Calculated Max
Designation Wattage (W) Allowable
Banquet room LT1 96 480 [480 + 2880 + 17
LT2 90 2880 1104]/ 264 =
LT3 8 1104 16.9
LT4 Excluded in LPD
Ball room LT2 90 2880 [2880 + 1104]/ 264 17
LT3 8 1104 =15.1
LT4 Excluded in LPD
Seminar room LT1 96 480 [480 + 2016] / 264 14
LTS 112 2016 =9.5

(Source: Technical Guidelines on Building Energy Code 2018)




