
Seminar 2 -  
Delivering Positive 
Outcomes 

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. 



Homework Solution 
from Last Session 

¢  Write your answers on a piece of 
paper now 

¢  Bring them to the front 



Learning Objectives of this Session 

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

objectives of lighting design 
l  Have an understanding of the 

economics of lighting efficiency 
upgrades 

l  Understand what constitutes an effective 
business case 

l  Be engaged !!  
l  Be empowered !! 



Contents 

¢  Recap of session 1 
¢  Overview of lighting design 
¢  Case study 
¢  Building a successful business case 
¢  A few words about LED lighting 
¢  Context = primarily office space 



Recap of Session 1 



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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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 

 

Energy Ratings for Commercial Lighting  

page 35 of 37 

 

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  
(Ranked by 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 



Lighting Power Density 

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

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

suffer 
¢  Does not take into account control 

systems (i.e. operating hours) 



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 to Interactive Exercise 
from Last Session 

Assume&floor&area&of&1500&square&metres,&fitted&with:
&&7&275&fluorescent&luminaries&(twin&36W&lamp&and&magnetic&ballast)
&&7&50&halogen&downlights&(50W&lamp&and&magnetic&transformer)



Solution to Homework  
from Last Session 



Nabers rating calculator results

Premise type

Premise scope

Building details

State and postcode

Area of office

Hours of occupancy

Office

Tenancy

Homework, Solution,

MELBOURNE 3000

1500

58

m
2

hrs/week

Number of computers 105

Energy Star rating (Calculator version number: 10.0 )

Results for the 12 months 
rating period

Nabers energy rating Nabers energy rating without 
GreenPower

Star rating

GreenPower included

Total greenhouse gas emissions 
(Full fuel cycle - scope 1,2 & 3)

Greenhouse gas intensity 
(Scope 1 & 2)

Greenhouse gas intensity
(Full fuel cycle - scope 1,2 & 3)

Benchmarking factor (previously 
known as Normalised Emissions)

Your energy data source input

Fuel type Quantity Unit Emissions 
(Full fuel cycled - Scope 1,2 & 3) GreenPower

Electricity

Gas

Deisel

2.5 stars

Average performance
Your office has average greenhouse performance.There is scope for significant improvement, and positive changes will have a 
noticeable impact on your performance.

2.5 stars

0 0

245565 245565

164 164

119 119

181900.0

-

-

kWh

MJ

L

T-Coal

Not applicable

Not applicable

Not applicable

245565

-

-

-

Energy intensity

% %

MJ/m2 MJ/m2

kg CO2-e p.a. kg CO2-e p.a.

kg CO2 kg CO2

kg CO2 kg CO2

436 436

-e/m p.a2-e/m p.a2

-e/m p.a2 -e/m p.a2

0

Total greenhouse gas emissions 
(Full fuel cycle - scope 1 & 2)

220099 220099kg CO2-e p.a. kg CO2-e p.a.

kg CO -e p.a.2
%

147 147

Total greenhouse gas emissions 2-e p.a.164 kg CO 2kg CO -e p.a.164



Overview of  
Lighting Design 



What is Lighting Design? 

¢  Lighting is not rocket sience 
¢  But is more difficult than some might 

think 
¢  Much subjectivity 
¢  Objectives of Lighting Design 

l  Safety 
l  Productivity 
l  User enjoyment 
l  Energy efficiency 
l  Longevity 



Lighting Design Standards 

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



Lux 

¢  Lux = units of “illuminance” 
¢  = total light output ÷ floor area 
¢  Units = lumens/m2 or “Lux” 

Electric Lighting – Design Techniques  Peter McLean 

ELECTRIC LIGHTING – DESIGN TECHNIQUES 
 
Peter McLean 
 
What is the purpose of electric lighting? 
 
x To extend the useful hours in the day 
x To assist the performance of a visual task 
x To display or reveal something 
x To control how something appears 
x To attract attention 
 
All of these elements are present in a good lighting design, but the relative importance of each will 
vary according to the nature and purpose of the space being illuminated.  The selection of the 
lighting equipment is not the lighting design; it is simply the selection of the tools to achieve the 
design.  Too often, selection of the luminaires is the first stage of the process and the lighting 
design is never done. 
 
“Lighting” is good lighting when it provides adequate illuminance to enable the task to be 
performed efficiently, is perceived as comfortable, and people have a high level of satisfaction.  
Good lighting design is not simply about achieving a required illuminance on the working plane, it 
is about creating and controlling the lit environment. 
 
Standards often specify lighting in terms of the illumination on the horizontal plane, which is the 
amount of light falling onto a horizontal surface. (ref Figure 1) This is because it is easy to 
measure and easy to calculate. It is not a good indicator of the visual environment however, as 
people generally judge the adequacy of the lighting by the luminance or relative brightness of the 
vertical surfaces. 

 
Figure 1. Illuminance: a measure of the light falling on a surface 

 
The luminance is the amount of light that leaves a surface, either by transmission through the 
material or, more commonly, reflection from the surface. (ref Figure 2) In simple terms, the 
luminance is the product of the illuminance and the reflectance of the surface divided by ʌ.  The 
eye sees luminance rather than illuminance. Therefore with the same illumination, by changing 
the surface reflectance, the luminance of the surface changes proportionally. 
 

 
Figure 2.  Luminance is a measure of the light leaving a surface. 
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Average Maintained Lux 

¢  Lighting designer must compensate 
for “lumen depreciation” of lights 
l  Lamp depreciation 
l  Accumulation of dust & dirt 

¢  Build in a “maintenance factor” to 
account for this loss of light 
l  Typically around 80%  

•  (well maintained fluorescent) 

l  Therefore must over-design by 25% 



Uniformity of Lux 

¢  The ratio of the minimum lux to the 
average lux 

¢  Light levels should be relatively 
uniform throughout the space 

¢  However work surfaces may be “task 
lit” 



Cut Off Angle for Luminaires 

Electric Lighting – Design Techniques  Peter McLean 

task.  The design should also avoid moving objects in the surround area, as the eye is attracted to 
movement and it is difficult to concentrate on the task. 
 
The design of task oriented lighting cannot simply be confined to the selection and placement of 
lights. 
 
In the traditional office work situation, the task was normally horizontal and the surround was the 
desk. With uniform lighting, a suitable selection of desk reflectance could generally control the 
surround luminance and as the eyes were directed downwards, there was less impact from bright 
source, movement or complex details in the remainder of the office. It is also important that the 
eyes are able to relax.  In the traditional office task, the person could raise their eyes to the 
horizontal plane and focus at infinity. This would help to relax their eye muscles and reduce 
fatigue. 

 
Figure 3. Office work position with a traditional paper based task 

(Note that the horizontal view and the luminaire glare zone do not coincide with the immediate 
task surround. The high angle glare zone is not a problem as it is above the top of the head.) 

 
 
Modern offices have largely moved to screen based tasks. This has moved the task from a 
horizontal plane (ref Figure 3) to a position closer to the vertical plane (ref Figure 4). This has 
completely changed the surround environment of the task. 
 
Vertical tasks have always existed in industrial situations, however they are generally more likely 
to be fixed in their location and viewing position and can be solved by specialised lighting 
treatment. 
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Cut Off Angle for Luminaires (cont) 
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Lamp Colour Temperaure 

¢  Warm white = 2700-3000K  

l  Good for homes in cool climates 

¢  Cool white = 4000K  

l  Good for offices 

¢  Daylight = 5000+K 

l  Bluish light 



Lamp Colour Rendering 

¢  Colour Rendering Index 

l  How well light can “render” colours 

¢  Scale of 1-100 

¢  Want CRI of at least 80 for homes 

and offices 



Lighting Design Software 









Electric Lighting – Design Techniques  Peter McLean 

 
 
Figure 14. Normal renderings are generally only produced in sufficient detail to give the 

designer an understanding of what is happening in the space 

 
 

 
 

Figure 15. Example of a rendering generated by a visualisation program. Note the sharp 
shadows and the reflections in the shiny surfaces 9
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Examples of Software Types 

¢  Various free software packages 
l  Relux 
l  Dialux 
l  OptiWin 
l  Radiance 

¢  Sophisticated packages 
l  AGI32 
l  Elum Tools 
l  Optis 
l  Visual 2.6 



Where to Turn for Help 

¢  Use an accredited lighting designer 

¢  E.g. member of IESANZ 

¢  Reputable equipment suppliers 



Case Study 
Typical Office 



Existing Lighting 

¢  Floor area 1500 m2 

¢  Existing lighting 

¢  275 fluorescent luminaries  

l  Twin 36W lamp + magnetic ballast 

¢  50 halogen downlights  

l  50W lamp and magnetic transformer 



Existing Lighting (cont) 
Data Cell'Ref Formula Answer
Energy'cost'per'kWh G10 Given $0.22

Lighting'hours'per'annum G11 Given 3,000

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



New Lighting 

¢  Upgrade fluorescent luminaires to 
l  High performance luminaire 
l  Single 28W T5 lamp 
l  T5 electronic ballast 
l  29 Watts total luminaire power 
l  Suitable for majority of offices 
l  88W è 29W 

¢  Upgrade halogen downlights to LED 
l  62W è 9W 



New Lighting (cont) 

2.##New#Lighting
a)#Upgrade#fluorescent#luminaires#to#high#performance,#single#28W#lamp,#T5#electronic

Total&power&per&luminaire&(Watts) G39 Given 29

Total&power&for&all&luminaires&of&this&type&(Watts) G40 G39*G16 7,975

b)#Upgrade#halogen#downlights#to#9W#LED

Total&power&per&luminaire&(Watts) G42 Given 9

Total&power&for&all&luminaires&of&this&type&(Watts) G43 G42*G25 450

New#total#lighting#power#for#this#space#(Watts) G44 G40+G43 8,425

Energy#cost#p.a. G45 G10*G11*G33/1000 $5,561

New#lighting#power#density#for#this#space#(Watts/m2) G46 G44/G14 5.6



Business Case 

4.##Business#Case#with#VEECs
Energy'cost'escalation'p.a.'(nominal) G55 Given 0.0%

VEEC'net'value'(per'MWh'certificate) G56 Given $20

VEECs'generated'(10'years) (G33FG44)*G11*10/1000000 566

VEET'net'value'(total) G58 G57*G56 $11,325

Capex#net#of#VEET#savings G59 G51FG58 $25,050

Simple#Payback#(years) G60 G59/G52 2.0

3.##Simple#Business#Case
Total&cost&to&install&each&new&fluorescent&luminaire G49 Given $125

Total&cost&to&install&each&new&downlight G50 Given $40

Total#Capex G51 G49*G16+G50*G25 $36,375

Energy#Savings#p.a. G52 G34AG45 $12,458

Simple#Payback#(years) G53 G51/G52 2.9



Building a Successful 
Business Case 



3 Steps to a Turn Business Case into  
a Bankable Project 

3. IF you need 
simple 

language, do 
not use 

payback 

2. 
Detailed 
cashflow 
analysis  

1. Total & 
detailed fit 

with 
organisation’s 
core strategy 



1. Business Case = Detailed Fit with 
Organisation’s Core Strategy 

Successful 
Business 

Case 

Link to 
current 
business 
priorities 

Involve the 
right 

people 

Communic
ate with 
decision-
makers 

Identify risks 
& develop 
strategies 

Describe & 
quantify all 
costs and 
benefits 

Consider a 
range of 
funding 
options 

Source: The Business Case and Beyond, eex.gov.au (DRET), January 2012 



2. Detailed Cashflow Analysis 

Inputs
Project(duration 10
Discount(rate 5.0%
Energy(price(escalation(p.a. 0.0%
CapEx <$36,375
Annual(energy(savings((without(escalation) $12,458

Outputs((Nominal)
Simple(Payback((no(energy(price(escalation) 2.9

Return(on(investment 2.4
"Times(Money" 3.4

Outputs((Discounted)
IRR 32%
NPV $60,000
Benefit(:(cost(ratio 164%

Year 0 1 2 3 4 5 6 7 8 9 10
Nominal(Values
CapEx <$36,375
Energy(savings $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458
Net(cashlow <$36,375 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458 $12,458
Cumulative(cashflow <$36,375 <$23,918 <$11,460 $998 $13,455 $25,913 $38,370 $50,828 $63,285 $75,743 $88,200

Disccounted(Values
Net(cashlow <$36,375 $11,864 $11,299 $10,761 $10,249 $9,761 $9,296 $8,853 $8,432 $8,030 $7,648



3. IF You Need Simple Language 

¢  e.g. for non-financial person 
¢  Do not use payback 
¢  Use either 

l  IRR = “Interest Rate” 
•  Comes from cashflow analysis  

l  “Times Money” 
•  How many times do you get your money 

back? 



Why do We Use Payback? 

¢  Very commonly used 
¢  Simple to calculate: 

l  CapEx ÷ annual benefit 
l  Energy efficiency industry is technical, 

not financial 
l  Appeals to other non-financial persons, 

e.g. engineers & building managers 



Theory of “Bounded Rationality” 

Energy efficiency opportunities overlooked 

Economise on 
cognitive 

resources - rely 
on rules of 

thumb 

Multiple 
commitments  

Time 
constraints 

Source:  Barriers to industrial energy efficiency - a literature review, United Nations 
Industrial Development Organization, Vienna 2011  



Problem with Payback #1:  
Lack of Detail 

Ignores 
benefits 

after 
payback 

period 

Can’t 
measure 

profitability 

Encourages 
cream-

skimming 

Ignores 
time-value 
of money  

No info on 
asset life 

span 

No info on 
asset residual 

value 

Can’t do 
variable 

cashflows 

Source:  Commonwealth of Massachusetts Executive Office of Energy and Environmental 
Affairs, Department Of Energy Resources, Energy Management Services Guide V. 2.1: Providing 
Energy Savings Through Energy Performance Contracting 



Problem with Payback #2: 
Psychology 

Client hang-ups with achieving 
“2-Year Payback” 
•  Irrespective of their financial 

conditions 

Promulgated by 
energy efficiency 

providers 

Source: The Problem with Payback, Robert C. Bishop Energy Solutions Ltd, New Zealand, C1997. 



IRR = Internal Rate of Return 

¢  Effectively the “interest rate” returned 
by the project 

¢  = Discount rate that returns zero NPV 
¢  IRR cannot be solved analytically  

l  Only iteratively 
l  Excel guesses (10%) then cycles through 

until result accurate within 0.00001% 
l  Excel gives up after 20 attempts 

Source: http://office.microsoft.com/en-au/excel-help/irr-HP005209146.aspx  



Calculation of IRR  
without Excel 



Calculation of IRR without Excel 
(regular cashflows) – Annuity Table 



Times Money 

¢  Over the life of the project, how many 
times do you get your money back? 

¢  Conveys more information regarding 
duration 

¢  Simple yet effective 



Payback Case Study 1 
10 Year Project 



Payback Case Study 2 
3 Year Project 



A Few Words About 
LED Lighting 



Over-Claimed Performance 
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Caliper LED Tube Testing (2010) 
Table 1b. CALiPER ROUND 11 SUMMARY –Troffers and High-Bay Luminaires 

-- SSL testing following IESNA 
LM-79-08 

-- 25ºC ambient temperature 

DOE 
CALiPER 
TEST ID 

Total 
Power 
(Watts) 

Output 
(Initial 

Lumens) 
Efficacy 
(lm/W) 

CCT 
(K) 

[Duv] CRI Photo 

SSL Replacement Lamp (4’ linear): Bare Lamp and Testing in Parabolic Louvered Troffer 

Bare Lamp 22 1539 70 

One lamp failed, no in situ* 
09-107C 

-- -- -- 

3548 
[-0.002] 73  

Bare Lamp 15 1368 93 

In situ (2 lamps in troffer) 
10-16 

29 2173 74 

5389 
[-0.004] 77 

 

Bare Lamp 19 1362 70 

In situ (2 lamps in troffer) 
10-17 

39 2194 57 

3249 
[0.007] 65  

Bare Lamp 17 1533 91 

One lamp failed, no in situ* 
10-18A 

-- -- -- 

5602 
[0.009] 75  

Bare Lamp 22 1887 86 

In situ (2 lamps in troffer) 
10-19 

43 3247 75 

5091 
[0.008] 69  

Bare Lamp 18 1628 90 

In situ (2 lamps in troffer) 
10-36 

36 2785 78 

4300 
[0.012] 70  

Fluorescent Benchmark (BK): Bare Lamp and Testing in High-Performance Lensed Troffers 

Bare Lamp (fluorescent) 32 3353 105 

In situ (1 lamp troffer, Ballast 
Factor BF=1.18) 

BK10-34 
38 2708 71 

3387 
[0.004] 82 

 

Bare Lamp (fluorescent) 32 3247 101 

In situ (2 lamp troffer, 
BF=1.18) 69 4767 69 

In situ (2 lamp troffer, retest, 
BF=0.88) 

Round 9 
BK09-67 

55 4045 74 

 
 

3248 
[0.002] 

 
 

83 

 

SSL High-Bay Luminaires 

High-Bay 09-79 110 5612 
20230 cd, 21°   51 2802 

[0.007] 57 
 

High-Bay 10-25  111 7822 
8376 cd, 38° 71 5593 

[0.008] 71 
 

Values are rounded to the nearest integer for readability.  
09-107—One out of two lamps underperformed (apparently due to damage during shipping), no in situ testing possible. Samples 
09-107C & D were follow-up testing after Round 10 testing on samples A & B revealed underperforming samples that the 
manufacturer suspected of having been damaged during shipping. 
10-18—One out of two lamps underperformed by a wide margin, no in situ testing was possible. 
10-19—Of three lamps tested, one underperformed, in situ testing was performed on two best samples. 
BK 09-67—Originally tested in Round 9, retest was requested by manufacturer using a different ballast. 
For high-bay luminaires, center beam candlepower in candela (cd), and beam angle in degrees (°) are included under light output. 
Duv values which are not with ANSI-defined tolerances for white light in SSL products are shown in red italics. 

 

DOE SSL CALiPER results may not be used for commercial purposes under any circumstances; see “No Commercial Use Policy” 4 
(http://www.ssl.energy.gov/comm_use.html) at http://www.ssl.energy.gov/caliper.html for more information. 



Other Issues wrt LEDs 

¢  LEDs hate heat 
l  Light output decreases with temperature 

¢  LED light output decreases over time 
l  Significant  
l  Difficult to test  

¢  Compatibility 
l  Heat 
l  Electromagnetic interference 
l  Light distribution pattern 
l  Luminaire Warrantee 



LEDs, In Short 

¢  Now becoming more mature 
¢  Beware claimed performance 

l  Seek independent verification  

¢  Ensure adequate light on the work 
surface ! 

¢  Compare maintained light levels 
l  Apples with apples 

¢  Compare linear LED with T5 
¢  LED downlights have come a long 

way 



Learning Objectives of this Session 

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

objectives of lighting design 
l  Have an understanding of the 

economics of lighting efficiency 
upgrades 

l  Understand what constitutes an effective 
business case 

l  Be engaged !!  
l  Be empowered !! 



Resources 

¢  IESANZ Best Practice Program 
l  http://www.iesanz.org/resources/best-

practices-in-lighting/  

¢  The Basics of Efficient Lighting 
l  http://www.energyrating.gov.au/

resources/program-publications/?
viewPublicationID=1486 

¢  Business cases 
l  http://eex.gov.au/energy-

management/the-business-case-and-
beyond/  



Questions and 
Discussion 


