
Seminar 1 -  
Planning a  
Lighting Retrofit 

Steven Beletich  



Who I am 

¢  Steven Beletich 

l  Phase out of incandescent lamps 

(Australia, China, Middle East) 

l  NSW ESS architect (+VEET) 

l  CBD tenancy lighting methodology 

l  etc. 



Learning Objectives of this Session 

¢  By the end of this session, you should: 

l  Have a basic understanding of lighting 

technologies and efficiency 

l  Be able to determine if your building has 

efficient lighting 

l  Be engaged !!  

l  Be empowered !! 



Contents 

¢  Lighting in context 
¢  The basics of lighting 
¢  What makes lighting efficient? 
¢  Does your building have efficient 

lighting? 
¢  Interactive exercise – benchmarking 

your lighting 
¢  After benchmarking? 
¢  Context = primarily office space 



Lighting in Context 



Australia’s  
Greenhouse Gas Emissions 

Electricity)
37%)

Sta/onary)energy)excl)
electricity)

17%)

Transport)
15%)

Fugi/ve)emissions)
8%)

Industrial)processes)
6%)

Waste)
2%)

Agriculture)
15%)

Source: DCCEE, Quarterly Update of Australia’s 
National Greenhouse Gas Inventory (annual 
emissions), September Quarter 2010 



Australia’s  
Greenhouse Gas Emissions (cont) 

¢  Lighting ~ 25% of 

office energy 

¢  Simplest to 

upgrade 

Source: Greenlight Australia Strategy 2004 7 



Lighting Sectoral Energy 

Source: Greenlight Australia Strategy 2004 

Residential 

Commercial 

Industrial (incl 
Warehousing) 

Public Amenity - Cat 
P 

Public Amenity - Cat 
V 

Traffic Signalling 



The Basics of Lighting 



Terminology 

Luminaire Entire light fitting 

Lamp  
 
 
 
 
 
 

Ballast / Transformer  
 
 
 

Power (Watts) Energy per second 
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9 0 spectrum – THE GE LIGHTING LAMP CATALOGUE

Compact fluorescent lamps

Biax Extra Mini GLS 8000 hrs
220/240V 9W E14 E27 B22

11W E14 E27 B22
15W E27 B22
20W E27 B22

Elegance GLS 6000 hrs
220/240V 7W E14 E27 B22

9W E14 E27 B22
11W E14 E27 B22
15W E27 B22
20W E27 B22

Biax Extra Mini Candle 8000 hrs
220/240V 9W E14 E27 B22

Elegance Candle 6000 hrs
220/240V 5W E14

7W E14
9W E14 E27 B22

Elegance R63
220/240V 7W E14

9W E14 E27

Elegance R95
220/240V 15W E27

Biax Extra Mini Globe
220/240V 15W E27 B22

20W E27 B22
23W E27 B22

Elegance Globe
220/240V 11W E27 B22

Elegance Outdoor
220/240V 15W E27

Genura
220/240V 23W E27

Elegance Spiral
220/240V 11W E27 B22

20W E27 B22

GE Electronic Biax™  Lamps

Life 3000 6000

Nearest incandescent equivalent wattage Watts 40W 60W 75W 1 0 0 W 40W 60W 75W 1 0 0 W 2 x 6 0 W

112
63 mm Ø

7 W 79 lm

114
63 mm Ø

9 W 115 lm

143.5
95 mm Ø

15 W 550 lm

144
73 mm Ø

15 W 750 lm

120

11 W 580 lm

128

20 W 1152 lm

110
60 mm Ø

7 W 286 lm

116
60 mm Ø

9 W 405 lm

124
60 mm Ø

11 W 580 lm

135
60 mm Ø

15 W 799 lm

152
60 mm Ø

20 W 1152 lm

114
50 mm Ø

5 W 177 lm

130
50 mm Ø

7 W 286 lm

140
50 mm Ø

9 W 405 lm
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Coolfit 50 Plus

38
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51

GX/GU5.3
1m

2m

3m

4m

689mmØ

1377mmØ

2066mmØ

2755mmØ

38º
20W 35W 50W

660lx 1200lx 1950lx

165lx 300lx 488lx

73lx 133lx 217lx

41lx 75lx 122lx

1m

2m

3m

4m

1155mmØ

2309mmØ

3464mmØ

4619mmØ

60º
50W

900lx

225lx

100lx

56lx 

Ordering Beam Cap Colour Luminous Average Packing
Code Description Watt Volt Angle Temp Intensity Rated Life Qty

225166X BAB/12V/20W PLUS 20W 12V 36°/FL GU5.3 3000K  700 cd 10000 hrs 10

225173X FMW/12V/35W PLUS 35W 12V 36°/FL GU5.3 3000K 1200 cd 10000 hrs 10

225197X EXN/12V/50W PLUS 50W 12V 38°/FL GU5.3  3000K 1700 cd 10000 hrs 10

225203X FNV/12V/50W PLUS 50W 12V 60°/VWFL GU5.3  3000K 1000 cd 10000 hrs 10

Coolfit 50

• Virtually all heat and light dissipated away from back of the lamp keeping fixture 
cool and therefore safer, particularly suitable for use in fire rated downlights

• Wear resistant aluminium reflector for constant output and colour throughout life

• Excellent colour rendering

• Super long lamp life 10000 hours (ave)

• Can replace any 12V 50mmØ dichroic low voltage lamp

• Suitable for use in open ceilings

• No backward light 
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Figure 15 – electronic transformer (top) and magnetic transformer bottom) 

!
!

Figure 16 – magnetic transformer in situ in ceiling space 

!
!
Control System Details 
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Lamp Types 

Incandescent    
 
 

Halogen  
 
 
 

Fluorescent T8  

Fluorescent T5  

LED  
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Coolfit 50 Plus

38

LO
W
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A
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49

51

GX/GU5.3
1m

2m

3m

4m

689mmØ

1377mmØ

2066mmØ

2755mmØ

38º
20W 35W 50W

660lx 1200lx 1950lx

165lx 300lx 488lx

73lx 133lx 217lx

41lx 75lx 122lx

1m

2m

3m

4m

1155mmØ

2309mmØ

3464mmØ

4619mmØ

60º
50W

900lx

225lx

100lx

56lx 

Ordering Beam Cap Colour Luminous Average Packing
Code Description Watt Volt Angle Temp Intensity Rated Life Qty

225166X BAB/12V/20W PLUS 20W 12V 36°/FL GU5.3 3000K  700 cd 10000 hrs 10

225173X FMW/12V/35W PLUS 35W 12V 36°/FL GU5.3 3000K 1200 cd 10000 hrs 10

225197X EXN/12V/50W PLUS 50W 12V 38°/FL GU5.3  3000K 1700 cd 10000 hrs 10

225203X FNV/12V/50W PLUS 50W 12V 60°/VWFL GU5.3  3000K 1000 cd 10000 hrs 10

Coolfit 50

• Virtually all heat and light dissipated away from back of the lamp keeping fixture 
cool and therefore safer, particularly suitable for use in fire rated downlights

• Wear resistant aluminium reflector for constant output and colour throughout life

• Excellent colour rendering

• Super long lamp life 10000 hours (ave)

• Can replace any 12V 50mmØ dichroic low voltage lamp

• Suitable for use in open ceilings

• No backward light 
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Anatomy of a Fluorescent Light 



Impacts on HVAC Loads 

¢  Waste heat from lights extracted by 
HVAC system 

¢  If HVAC system has CoP of 3 
l  Each kWh of heat requires 0.33kWh of 

HVAC (electrical) 
l  Thus lights use 1.33 x their power 

¢  Office buildings run HVAC cooling for 
a high percentage of the year 
l  Due to solar ingress 



What Makes Lighting 
Efficient? 



Aspects of Lighting Efficiency 

¢  Lamp type 
¢  Ballast / transformer technology 
¢  Luminaire photometric performance 

¢  Control systems 
¢  Lighting Layout 



Lamp Type (Efficiency) 

Best 
• Fluorescent (electronic T8/T5) 
• Very good LED 

  
• Fluorescent (magnetic T8, CFL) 

  
• 12V halogen IRC 

• 12V Halogen 

• 240V Halogen 

Worst 
• 240V Incandescent 



Ballast Technology 

¢  Magnetic 
l  Typically have starter 
l  Lights typically flicker on startup 
l  Ballast losses ~8W per lamp 

¢  Electronic 
l  No starter 
l  No flicker – fast ramp up 
l  Losses ~1W per lamp 
l  Will actually drive the lamp to produce 

~10% more light 



Transformer Technology  
(Halogen Downlights) 

l  Magnetic 
•  Transformer losses ~12W 
• 50Hz output 

l  Electronic 
•  Transformer losses ~3W 
•  kHz output 
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Figure 15 – electronic transformer (top) and magnetic transformer bottom) 

!
!

Figure 16 – magnetic transformer in situ in ceiling space 

!
!
Control System Details 
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Figure 15 – electronic transformer (top) and magnetic transformer bottom) 

!
!

Figure 16 – magnetic transformer in situ in ceiling space 

!
!
Control System Details 
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Fluorescent Lamp + Ballast 
Combined Efficiency 
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Luminaire  
Photometric Performance 

¢  Want high “Light output ratio” 
l  Amount of useful light escaping luminaire 

¢  High performance reflector 
¢  High performance diffuser 

l  E.g. louvred 
l  Not prismatic 



Control Systems 

¢  Timers / BMS 
¢  Presence detection 
¢  Daylight dimming 
¢  Must be well 

commissioned ! 
¢  Must work ! 
¢  Must be liked by 

occupants ! 



Lighting Layout 

¢  Luminaire placement 
l  Typical spacing 2.4 x 1.8m 

¢  Lighting should meet AS/NZS 1680 
l  Av maintained lux 
l  Uniformity of lux 
l  Cut-off angle for luminaires (glare) 
l  Glare index  
l  Colour temperature  
l  Colour rendering 



Demonstration of Lighting Power 

¢  Physical demonstration of light fitting 

power 

l  Twin T8 magnetic vs single T5 electronic 

l  50W 12V halogen magnetic vs LED 



Does Your Building 
Have Efficient 
Lighting? 



Qualitative Method 

¢  What is the lamp type? 
¢  What is the ballast / transformer 

technology? 
¢  High performance luminaire? 

l  High light output ratio 

¢  Are the lights on too long? 
¢  Are there control systems? 
¢  Are light levels too high? 



Quantitative Method -  
Lighting Power Density 

¢  Lighting power density =  
l  Total luminaire power ÷ floor area 

¢  Best practice is <7 Watts/m2   
¢  Any lower may cause light levels to 

suffer 
¢  Does not take into account control 

systems (i.e. operating hours) 



Lighting Power Density (cont) 
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What is your Lighting Power 
Density? 

¢  Luminaire power =  
l  (lamp power + ballast loss) 
l  x no. lamps in luminaire 

¢  Total luminaire power =  

l Σ luminaire power  

¢  Lighting power density =  
l  Total luminaire power ÷ floor area 



CBD Grid Method 

¢  Area per luminaire = X*Y (spacings) 
¢  Lighting power density= 

l  Luminaire power  
l  divided by area per luminaire 

 NLPD assessment 
 

VERSION 1.0  27 

6.3.3 Not assessable 
The Functional space shall be deemed NOT Assessable for the purposes of the CBD 
Program when: 

 Spaces have been extensively fitted out with small cellular offices, meeting rooms, 
conference rooms etc as outlined in section 6.2, or 

 Less than 50m² of floor area is accessible or visible, or 

 There is no installed lighting system and no contractual agreement for a new system. 

6.4 Applying the method 

6.4.1 Grid method 
Measure the spacing X and Y between luminaires as shown in Figure 3. 

The spacing between luminaires must be measured because ceiling grid sizes do vary and it 
is easy to make a mistake by simply looking at the grid and assuming its dimensions. 

Note that the measurement is taken from one side of the luminaire to the same side of the 
adjacent luminaire. It is the luminaire centre distance and NOT the distance between 
luminaires. 

Calculate the area per luminaire - X (m) multiplied by Y (m) 

Divide the luminaire power by the area per luminaire to get the NLPD in W/m² 

Figure 3: Luminaire spacing in a regular array 

 



Example of CBD Grid Method 

¢  Typical grid spacing 2.4 x 1.8m 
¢  Twin T8 (4’) magnetic luminaire: 

l  Luminaire power =  
• 2 x (lamp power + ballast losses) 
• = 2 x (36W + 8W) 
• 88W 

¢  Lighting power density = 
l  88 / (2.4 x 1.8) 
l  = 20.4 W/m2  



Interactive Exercise - 
Benchmarking Your 
Lighting 
With prizes ! 



!

!



1.##Existing#Lighting
Total&floor&area&(m2) G14 Given 1,500

a)#Fluorescent#Luminaires

Number&of&fluorescent&luminaires G16 Given 275

Lamp&power&per&lamp&(Watts) G17 Given 36

Number&of&lamps&per&luminaire G18 Given 2

Ballast&technology G19 Given Magnetic

Ballast&losses&(Watts) G20 Magnetic=8,&Electronic=1 8

Total&power&per&luminaire&(Watts) G21 &(G17+G20)&*&G18 88

Total&power&fluorescent&luminiares&(Watts) G22 G21*G16 24,200

b)#Halogen#Downlights

Number&of&halogen&downlights G25 Given 50

Lamp&power&per&lamp&(Watts) G26 Given 50

Number&of&lamps&per&luminaire G27 Given 1

Transformer&technology G28 Given Magnetic

Transformer&losses&(Watts) G29 Magnetic=12,&Electronic=3 12

Total&power&per&luminaire&(Watts) G30 &(G26+G29)&*&G27 62

Total&power&for&all&halogen&luminiares&(Watts) G31 G30*G25 3,100

Total#lighting#power#for#this#space#(Watts) G33 G22&+&G31 27,300

Energy#cost#p.a. G34 G10*G11*G33/1000 $18,018

Lighting#power#density#for#this#space#(Watts/m2) G35 G33/G14 18.2

Solution 



Next Session 

¢  Business case to upgrade this building 
l  Capital costs 
l  Energy savings 
l  VEECs 
l  Cashflow analysis 
l  Quantifying return on investment 



After Benchmarking? 



Benchmarking 

¢  Is your lighting efficient? 

l  What is lighting power density? 

l  If more than say 10W/m2 then not 

efficient 

¢  Can get lighting power density easily 

to 7W/m2, cost effectively 

¢  Then add control systems 



Business Case for Upgrading 

¢  Using previous exercise: 

¢  Upgrade costs ~$40K 

¢  Savings ~$13K p.a. 

¢  Internal rate of return ~37% typical 

¢  More next session 



Learning Objectives of this Session 

¢  By the end of this session, you should: 
l  Have a basic understanding of lighting 

technologies and efficiency 
l  Be able to determine if your building has 

efficient lighting 
•  Lighting power density 
• Control system present 

l  Be engaged !!  
l  Be empowered !! 



Next Session: 
Delivering Positive Outcomes 

¢  Best practice 

¢  Overview of lighting design 

¢  LED lighting 

¢  Case studies 

¢  Economics of lighting upgrades 

¢  Building a successful business case 



Homework for Next Session 
NABERS Rating 

¢  Calculate a NABERS office tenancy 
(energy) star rating  

• http://www.nabers.gov.au/public/
WebPages/RatingCalculator.aspx?
module=40  

l  Building is located in Melbourne 3000 
l  Area = 1500 m2 

l  Occupancy = 58 hours/week 
l  105 staff members with a computer 



Homework for Next Session 
NABERS Rating (cont) 

¢  Only electricity is used 
l  Lighting = 81,900 kWh p.a.   
l  Power = 100,000 kWh p.a.   
l  Total electricity = 181,900 kWh p.a.   

• Note to save this entry using disk icon 
• No GreenPower 

¢  What is the NABERS star rating? 
¢  Answer next week 
¢  Copy on Twitter:   @beletich 



Questions and 
Discussion 


