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WHAT SHOULD YOU LEARN


L i g h t i n g  q u a l i t y  m e a s u r e s  



LIGHTING QUALITY MEASURES


S p a c i n g  c r i t e r i a  ( S C )  r e f e r s  t o  t h e  m a x i m u m  
r e c o m m e n d e d  d i s t a n c e  b e t w e e n  f i x t u r e s  t o  e n s u r e  
u n i f o r m i t y

C o l o r  r e n d e r i n g  i n d e x  ( C R I )  i n d i c a t e s  t h e  c o l o r  
a p p e a r a n c e  o f  a n  o b j e c t  u n d e r  a  s o u r c e  a s  
c o m p a r e d  t o  a  r e f e r e n c e  s o u r c e

V i s u a l  c o m f o r t  p r o b a b i l i t y  ( V C P )  i n d i c a t e s  t h e  
p e r c e n t  o f  p e o p l e  w h o  a r e  c o m f o r t a b l e  w i t h  t h e  
g l a r e  ( b r i g h t n e s s )  f r o m  a  f i x t u r e

COMPACT FLUORESCENT EXAMPLE


CALCULATION FOR COMPACT 
FLUORESCENT EXAMPLE

!kW savings  


!100 fixtures (.075 kW/fixture - .022 kW/fixture) = 5.3 kW  


!kWh savings


!  (5.3 kW)(4680 hrs/yr) = 24,804 kWh  


!Demand $ savings  (5.3 kW)($4/kW-mo)(12 mo/yr) = 

$254.40/yr  


!Energy $ savings  (24,804 kWh/yr)($0.08/kWh) = $1,984.32/

yr  


!Total dollar savings  ($254.40 + $1,984.32)/yr = $2239/yr 



T-8 EXAMPLE

CALCULATION FOR T-8 EXAMPLE


 Demand savings  (360 fixtures)(.188 - .112) kW/

fixture = 27.4kW  


Total $ savings  (27.4 kW)[($4/kW-mo)(12 mo/yr) + 

(3640 hrs/yr x $0.08/kWh)] = $9290/yr

FLUORESCENT LAMP LIFE 
AT VARIOUS BURN CYCLES



OCCUPANCY SENSOR EXAMPLE

  Energy savings (24 fixture)(.188 kW/fixture)(2600 hrs/yr)(0.30)

($0.08/kWh) = $282/yr

LIGHTING-RELATED HVAC ENERGY 

 How much lighting energy becomes a load on the 

HVAC system? 


➡  How much heat is generated by lighting?


➡  Where does lighting heat go? 


➡ How does it affect the energy consumption of the 

HVAC system?

LIGHTING-RELATED HVAC ENERGY 

  Lighting-Related HVAC Energy (kWh)  =                          

Direct Lighting Energy (kWh)  x   % of year HVAC System 

Operates   x   % of light heat impacting HVAC load   /  COP 

of HVAC system

  COP  =    Energy Units Delivered to (Removed from) Space   /  

Energy Units Into System                                                     



LIGHTING-RELATED HVAC ENERGY 
EXAMPLE

Lighting-Related HVAC Energy (kWh)	 	 Example 	 


                      =   Direct Lighting Energy (kWh) 1000 kWh    


 x   % of year HVAC System Operates                     0.5   


          x   % of light heat impacting HVAC load  	 0.9	 


                         COP of HVAC system	 	 	             3.0  


1000  x  (0.5  x  0.9  /  3.0)  =  1000  x  0.15  = 150 kWh  

EXAMPLE LIGHTING / HVAC INTERACTION

Location
Cooling 
Loads

Heating Loads 
Large Building

Heating Loads 
Small Building

Tampa, FL -33% 0% 0%
Phoenix, AZ -30% 0% 0%
New Orleans, LA -29% 1% 2%
Los Angeles, CA -23% 0% 0%
Knoxville, TN -21% 4% 11%
Philadelphia, PA -17% 6% 18%
Denver, CO -16% 7% 22%
San Francisco, CA -16% 1% 2%
Detroit, MI -14% 8% 23%
Providence, RI -13% 7% 22%
Seattle, WA -7% 4% 13%

Source:  Advanced Lighting Guidelines 2003 (based on 

methodology of Rundquist, et.al. 1993)

NEGLECTED LIGHTING SYSTEMS LOSE 
EFFICIENCY OVER TIME

Source:  EPA Green Lights



LIGHT LOSS FACTORS (LLF)

 Non-recoverable


➡ Luminaire Ambient Temperature 


➡ Voltage to Luminaire 


➡ Ballast Factor (BF) 


➡ Luminaire Surface Depreciation
 Recoverable


➡ Lamp Burnout Factor (LBO) 


➡ Lamp Lumen Depreciation (LLD) 


➡ Luminaire Dirt Depreciation (LDD) 


➡ Room Surface Dirt Depreciation (RSDD)

TOTAL LIGHT LOSS FACTOR (LLF) 
EXAMPLES

Source:  EPA Green Lights

LIGHTING SYSTEM LIFE CYCLE COSTS

 Initial Costs

 Maintenance Costs


➡ Relamping 


➡ Reballasting 


➡ Cleaning 


➡ Miscellaneous 

Maintenance 


➡ Insurance & Property 

Taxes Depreciation

 Energy Costs
 Initial Costs


 Energy Costs 


➡ Direct Lighting Costs  


➡ Lighting-Related 	 	 


 HVAC (Indirect) Costs 

Maintenance Costs



DIRECT LIGHTING ENERGY COSTS

 Energy Use (kWh)  = 

           Lighting Power (kW) 

      x  Operating Time (hrs) 

Energy Cost Savings  = 

           Actual Avoided Costs 

           (based on rate schedule)

CALCULATING ANNUAL LAMP REPLACEMENTS


Given: 


 1000 each 3-lamp fixtures 


 Annual fixture operation = 4000 hrs 


 Average rated lamp life = 25,000 hrs


  Calculate average annual lamp replacements:    

ALR       = (1000 x 3)  x  4,000 / 25,000             


              = 3000  x  0.16             


              =  480

THE WORLD’S 1ST GREEN TECHNOLOGY 
MARKETPLACE

THANK YOU


