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Lighting Calculations 

 
Type of Lightning System to use. 
 

1. Incandescent        Lumens/wat  
 
Use ONLY for residential occupancies, service areas where            20 Lumens/watt 
Seldom uses, outside floodlights, and explosion proof areas. 
 

2. Fluorescent 
 

a. All interior locations, offices, shops, warehouses,                               
comfort stations, etc. 

b. Do not use in explosion proof areas, too expensive.           80 Lumens/watt 
 

3. Mercury Vapor 
 

a. DO NOT USE in any location. 
Metal Halide much more efficient 

  And cost effective.               50 Lumens/watt 
 

4. Metal Halide 
 

a.  Interior industrial lighting in shops  
And warehouses               85 Lumens/watt 

 
5. Low and High Pressure Sodium 

a. Use for exterior area lighting and security  
Building lighting. 
 
Most sufficient source.            125 Lumens/watt 

 
 
Design of Lighting Systems 

t

 
asic Data NeededB  

1. Design level foot candles F.C. IES 9-81 – 9-95 or Page 16 
2. Room Length feet : L Ft. 
3. Room Width feet : W Ft. 
4. Height of work plane from floor, HFC, Ft. 
5. Height of room cavity, work plane to fixture, HRC, Ft. 
6. Height of ceiling Cavity, fixture to ceiling, HCC, Ft. 
7. Reflectance of Ceiling, Walls, Floor. 

 

 

6/18/02  Chapter 11: Lighting Design Calculations 9/20 



 
 

TABLE A 
 
Ceiling         %Actual Reflectance 
 
White Tile         70% 
Light Color Pain        50% 
Plywood         30% 
 
Walls 
 
White Paint         60-70% 
Light Paint         50% 
Dark Paneling, Burlap        10% 
Bulletin Boards        10% 
 
Floors 
 
White Tile         20% 
Concrete, wood, carpet       0% 
 

8. Cleaning Schedules 
 
12, 24, 36 months 

 
9. Dirt Levels 
 

a. Very Clean:           - Hospitals, clean rooms, Doctors office 
b. Clean:            - Offices with little outside dirt                                             

I                                                           infiltration. Typical high rise office 
c. Medium:           - Typical Forest Service Office 
d. Dirty:            - Shops, warehouses 
e. Very Dirty:           - Shops, producing fumes: i.e., welding 

s                                                         shops, carpenter shops. 
 
 

10. Maintenance Category 
 

I.  Semi-direct Free Lamps, Bare strip lamps. 
 

II. 15% or more up light, open or louvered large louver 1 inch or more. 
 

III. Less than 15% up light open or louvered louver less than 1 inch. 
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IV. Direct closed top recessed surface suspended open louvered lighted ceiling 
louvered. 

 
closed recessed, surface recessed with lens. 

tc. 

 
 TUBE fluorescent in offices with dual switching, for 2 or more light 

level capability. 

13. Lum en Depreciation: LTD

V. Direct, semi-direct, en
 

VI. Totally direct, totally indirect, semi-direct lighted ceilings, coves, urns. 
 

11. Type of fixture, Forest Service Standard, F1, F2, e
12. Number of lamps per fixture 1, 2, 3, 4, 5, 6, etc. 

a. Use 3

 
ens Per Lamp, Lamp Lum  

INCANDESCENT
 

 See Table B or below 
 

a. Lighting systems for general illumination use should never use 

 
amp

      

incandescent. Too inefficient. 

L  Lamp Lumen  
       Lumens Depreciation 

b. Fluorescent
 

        LLD 
 3150 Lumens .85 

96 T1  CW L
 

Standard 40 W: F40 T12 CW 
   F 2  9200 umens .85 

Metal Halide       LLD 

       14,000 Lumens .77 
  00 Watt         34,000 Lumens .75 
 

 High Pressure Sodium

 
175 Watt  
4

  

         16,000 Lumens .90 
 250 Watt          25,000 Lumens .91 

att          50,000 Lumens .90 

 
  150 Watt 
 
  400 W
 

14. Luminaries Dirt Depreciation: LDD 
 
See Table 1 Need Cleaning Schedule and Maintenance Category. 

 
 15. Calculate Cavity Ratios, CCR, R, R, FCR 

 
Calculate room cavity ratio; floor cavity ratio, ceiling cavity ratio or use table 
2. 
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Cavity Ratio = 5 (Cavity Height) ( L + W) 

 x W)           ( L
 

CR, Ceiling Cavity Ratio = 5   (HCC) (L + W ) C
           (L x W) 
 
RCR, Room Cavity Ratio = 5    ( HCR)  (L + W) 

         (L x W)  
 

CR, FF loor Cavity Ratio = 5     ( HRC)  ( L + W ) 
          (L x W) 
 
Easy Way (Measurements in tenths of a foot) 
 
   A = (L + W)   5  L = 25.5 W = 26.5 (Example)  

                  (L x W) 

 
 

e

 
 Ceiling Cavity Ratio = HCC x A = CCR 
 Room Cavity Ratio   = HRC x A = RCR 

Floor Cavity Ratio    = HFC x A  = FCR  
 

 
 

16. Effectiveness Reflectanc  
Use Table 3 
 
Actual wall reflectance = effective wall reflectance. 
 
Find ceiling and floor reluctance 
 
Example:                  Ceiling Reluctance                   70% actual reflectance 
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OCR = .1                  Wall Reluctance                    50% actual reflectance 
RCR = 2.02                Floor Reflectance                     0% actual reflectance 
FCR = .96 

Enter Table 3
 

 

70% Ceiling reflectance CCR .1 Effective Ceiling Reflectance = 69% 
lectance 

ce = 4% 
50% Wall Reflectance 

 
17. oom Surface Dirt Depreciation

 

50 % actual wall reflectance = 50 % effective wall ref
  0 % Floor reflectance; Effective Floor Reflectan

FCR = 2.1 

R : RSDD 

se Table   4  
 
U . Need cleaning schedule, room dirt factor, luminaries 

m cavity ratio. Example: Medium 
onths, room cavity ratio 2.02%, find expected percent dirt 

eciation, 
dire m surface dirt depreciation RSDD of .95. 

 
18. Multiplying Factors for Floors, MF

distribution type, (most are direct) and roo
dirt, 24 m
depreciation %. Enter Table 4 @ RCR 2.02, 20% expected dirt depr

ct type luminaries and find roo

 (for floor ref ther 

se Table 5 

lectance o than 20%) 
 
U   

Exa  effec
 
RCR = 2.02, 68% ceiling, 50% wall, effective reflectance = actual reflectance. 
 
MF = .9 

 
19. Coefficient of Utilization, CU

 
mple: Carpet 4% tive reflectance 

 
 

re on page 9-12 to 9-30 IES Handbook. 
 
Exa e , page 9-
28,

From manufacturers literatu

mple: RCR = 2.02, 68% ceiling, 50% wall, 4% floor, Typ # 43
 CU .56. 

 
Insert numbers into formula: Fixture E-F-15, 4 Lamp 3150 Lumens/Lamp 

o fixtures = (Design Level FC) (Room Length Ft) ( Room Width Ft)
 
N  
     ___Lamps___ LU ___CU x MF x ___ LLD ___ LLD ___ RSDD 

       LMP 
          Table
 

 
  Room Length    L = 25.5 Ft.  Given 
  
  Lamp Lumen depreciation  LLD = .85 See 13 above or Table B 

Room Width    W = 26.5 Ft.  Given 
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  Room Surface dirt depreciation LDD = .77  Table 1 
 Multiplying factor floor  RSDD = .95  Table 4 

24 months   
irt Level Medium 
aintenance Category    V 

CU = .56 
amps xture 4 
umens/ lamp      3150   Table A 

50 FC   Page 9-28 IES 

 
 
 
 
Cleaning Schedule:     
D      
M
Coefficient of Utilization    
L /fi      
L
Design Level      
 
 
 ual Act Reflectance  %    Effective Reflectance % 

 
g      68 

 Wall      50 
 Floor      4 

 
 
Number of Fixtures =  
 
                               (50 FC) ( 25.5 ft.) ( 26.5 ft.)          

 Ceilin

 
(4 Lamps) x (3150 Lumens) x (.56 CU) x (.9 MF) x (.85 LLD) x (.77DD) x (.95 RSDD) 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

(fixture)        Lamp 

 = 8.3 Fixtures : Use 8 fixtures 

 
 

6/18/02  Chapter 11: Lighting Design Calculations 14/20 



LIGHTING DESIGN CALCULATIONS 
 
Project Tonasket   By  Steve   Date 2-5-80   Room Office  
Fixture  F-15   Lamps/Fixture   4   Lumens/Lamp  3150  Design Level  50  Foot Candles 
 

  Use Table 2 for Cavity Ratios Or: 
  5 ( L + W )  = A 5(25.5 ft. + 26.5 ft.) = A = .385 
       L x W    (25.5 ft. x 26.5 ft.) 
 
   HCC    A 
Ceiling Cavity Ratio =  .25  x  .385 = CCR   =  .10 
 

C 
Room Cavity Ratio
   HR

   = 5.25 x .385  = RCR    = 2.02 
 
   HFC 
Floor Cavity Ratio    = 2.5    x .385  = FCR    = .96 
 

       
                                         Symbol        Value     Table 

Ro en  
Room Wid         W     26.5    
Ceiling Ca       HCC     .25    
Room Cavity Height, feet       HRC     5.25    
Floor Cavi HFC      2.5    
Lamp Lum n Depreciation        LLD       .85       B  
Maintenan

om L gth, Feet         L     25.5   
th, Feet 
vity Height  

ty Height, feet       
e
ce Category I, II, III, IV, V, VI 

Dirt Level; Very Clean, Clean, Medium, Dirty, Very Dirty       Med 
Cleaning Schedule 12, 24, 36 Months         24 months 

Ac ef
 

tual R lectance %     Effective Reflectance % 

R Ceiling  70     R Ceiling .68 

R Wall     50     R  Wall     .50 

R Floor    0      R  Floor  .04 
 
Luminaire Dirt Depreciation     LLD   .77 1 
Room Surface Dirt Depreciation   RSDD   .95 4 
Floor Multiplying Factor    MF   .90 5 
Coefficient  tof Utiliza ion *    CU   .56 
*Coefficient of Utilization from manufacturers literature or Page 23-31 IES Handbook 
Number of Fixtures = 
        50 FC x  25.5 Room Length x  26.5  Room Width 
 
.56  C.U. x 4  Lamps x 3150 Lumens  x .90  M.F. x  .85 LLD x  .77  x LDD x  .95 RSDD 
 = 8.3 Fixtures  Use 8 Fixtures 

6/18/02  Chapter 11: Lighting Design Calculations 15/20 



T - U.S. Forest Service Recommend ighting Leveable L 1.1. ed L ls 
 
 
 
 
 
 Task or Area   Design Level (FC)      Average Level Range (FC 

5      12-18 

ormal Office work, Reading,  
riting

 
Office 
Difficu  60-90 
 

uditoriums     30         20-40 

  30         20-40 

    25- 5 

, Lobbies, & Means of  
gress      15        10-18 

itchen ( Average)    50         30-70 

echanical Rooms (General areas)  10         5-15 

torage Areas     10         25-35 

torage Areas ( Fine Details Required) 30         25-35 

oilets      20         15-30 

ote: These are only recommended values. There is no conclusive data about how much 
ght is really needed for someone to perform a specific task. 

 
Service or Public Areas   1   
 
Calculation Areas within Office 
Space, but not at work areas   30         24-36 
 
N
W , Etc.     50         40-60 

Work, Prolonged, Visually 
lt or Critical in Nature   75        

A
 
Cafeteria   
 
Conference Rooms    30     3
 
Corridors
E
 
K
 
M
 
S
 
S
 
T
 
N
li
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           Region 10 
Auburn, WA 98002 
        November 4, 1981 

GSA Regional Bulletin FPMR 10-9-44 
Public Buildings And Space 

To: Heads of Federal agency offices, GSA Region 10 

derally owned or leased space 

 
 
General Services Administration  

 

 

 
Subject: Energy conservation in fe
 

1) Purpose. This bulletin inform
conservation practices being im
facilities. 

 
2) Expiration data

s agency officials and employees of the latest energy 
plemented in Government-owned and leased 

 This bulletin contains information of a continuing nature and will 
remain effect until canceled. 

 
3) Background. President Reagan rescinded the Emergency Building Temperature 

Regulations, effective February 17, 1981. Policies governing the heating and 
cooling functions under the control of GSA are stated in Federal Property 
Management Regulation 101-20. 116-3. This regulation states that workspace 
temperatures shall be maintained during working hours at 65° to 68°F during the 
heating season and 78° to 80°F during cooling seasons. 

 
4) Conservation measures. The practices listed below are being used in GSA-

operated and Government-owned and – leased buildings. 
 

a. Temperature levels. Temperature levels in office space are maintained at a 
maximum of 65° to 68°F during the heating season and no lower than 78° 
to 80°F during cooling season. Temperature in warehouse space will be 
adjusted lower than 65°F depending upon the activity conducted within 
the space. 

 
b. Lighting Levels. Lighting levels at work stations (desk tops) for general 

office work are maintained at 50 foot-candles under the nonuniform 
lighting concept. A 30-foot candle level is maintained in work areas and a 
maximum of 10-foot candles in nonworking areas. Outside lighting, 
except for security, is eliminated. 

 
c. General. Wi

and on cold, cloudy days. In addition, the 
ndow drapes and blinds are to be used to reduce heat losses by 

closing them during nighttime 
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president has directed that executive departments and establishments 
initiate the following steps to further conserve energy immediately: 

i. Reduce electrical use generally throughout agency activities, 
particularly lighting.  

ii. Reduce petroleum use by eliminating unnecessary activities and 
hicle ps an ns

iii. Reduce agency activities that use large amounts of energy and 
uld b  deferred. 

iv. Ensure that all agency heads aggressively pursue employee 
programs on energy conservation and promote 

e use o  carpo and ass transit. 
d. Exceptions.

 

ve  tri d combining and co olidating the essential ones. 

co e

awareness 
employe f ols  m

 Exceptions to the prescribes policies may be necessary for the 
eration of certain specialized equipment, such as 

omputers; for mainta ing th alth nd ef ciency ees; and for 
certain specialized installations, such as greenhouses, hospitals and 

ceptions may be granted only after consultation with 
nical rsonn  the unit requesting the exception and 

the presentation of necessary supporting evidence. Exceptions will be 
f the 

facility and must be concurred in the agency’s energy conservation 

cy

protection and op
c in e he  a fi  of employ

laboratories. Such ex
appropriate tech pe el of

granted by the offices responsible for the operation and maintenance o

coordinator. 
 

e. Agen  cooperation. 

ds have been extremely cooperative in this 
ion 

in energy consumption. We ask your further cooperation as their 
ill be eriods of discomfort d adj ent asures are 

implemented. All employees should once again be alerted to this 
ised t easures ta te hazards, 

impair the provision of vital services, or curtail the proper 
 ency s t e 

consistent with employee safety standards. Consideration will 
en to ployees wi  visua nt or to 

special work condition requirements. 

 
i. Agency hea

conservation program which has yielded an appreciable reduct

w  p an ustm  as new me

program and adv hat m ken will not crea

functioning of ag  activities. All action aken will b

continue to be giv  em th l impairme
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Electrical Characteristics 
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