
             ႔                                                                                                  Chapter-9 Cooling Load  

                                                                                                                           9-1 

 

Chapter-9 Cooling Load   

၉.၁ Cooling Plant Load  
Cooling plant                             cooling load                             cooling 

load software             ၍                                         energy audit             
              Cooling load              ၏ heat gain          

                              cooling load              heat gain                 

 ( ) Outdoor air load  
 (ခ) System losses/gains 
 (ဂ)  External gains 
 (ဃ) Internal gains 
 ( ) Zone load       
 ( ) Peak simultaneous building or zone loads    ႔          

၉.၁.၁ Outdoor Air Load 
          ခ    (outdoor air temperature)     ခ      ခ    (indoor air temperature)     

                   cooling plant                                ႔                               
                                                       ႔       ခ            ႔        (outdoor 
air)                                     ခ    (outdoor air temperature)     ခ      ခ    (indoor air 
temperature)                                                ခ       heat gain                 cooling 
load                             ႔                           (outdoor air)                    
     ၍ cooling load                        

၉.၁.၂ System losses/gains 
                          (heat)             system                         

          fan    ႔      blower                      ခ     (၁)  ဂ      (၃)  ဂ        ဂ                    

 



            -                                                                                                                         ႔   

9-2 

          Duct           supply air temperature     duct           ခ       ခ                          
     system h                         system heat gain           ခ          ခ           cooling  load 
                            

၉.၁.၃ External gains 
         ၏     (location)                (orientation)                         

          (material)                  ၏     (window to wall ratio)                sun shade       
walls   glazing   roofs and floor        ႔        ၍ external heat gain                                 

၉.၁.၄ Internal gains 
Internal heat gain                   (occupancy and activity details)? lighting 

           heat gain         ခ      equipment                heat gain                   

၉.၁.၅ Zone load 
                      ခ                                        ႔      ခ                    

     ၍ ခ   ခ          ခ           (zone)          ခ   ခ          ခ        ၍                       ခ         
                                   Set point    ခ            ခ                                   
                 External heat gain         ခ                                                    
    -                        ႕                ခ       ခ                                    
                            ၌         heat gain     zone load                         

၉.၂ Peak Simultaneous Building Loads    ႔      Zone Load 
           ခ      ၏                        ခ                       ႕           

     ခ          ( ခ       )၏ peak load                                                      ခ  
        ( ခ       ) ၏ peak load                 ခ    ၌                  ႔                                  
         total peak load                  ခ                     “Peak simultaneous load”        
 ခ          Sensible heat gain       Latent heat gain                                          

Design information required 
Zones 

                              ခ   ခ      ခ                                               heat gain         
              ခ         ခ ခ                       control                                               
                       c    c ’s           w                  ခ ခ      ၏                         
                                        AHU            ႔                                     ႔      fan 
coil                          

Zone heat gains 

       ခ ခ      ၏ heat gain         ခ                                       ခ          internal 
wall        ခ                       ခ                       wall    heat gain                     
            

Hourly cooling loads 
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Zone load                   (hourly basis)          ဂ           zone load                 ခ ၍ 
       ခ         peak simultaneous load                    

Approximate peak time of loads                                       ခ       ၏               
                           ၍ peak time     14:00 hr (         ၂              13:00 hr       15:00 
hr    ႔    load                             Peak time       peak load    ႔                   ခ           
                             Computer software                          maximum load 
            ခ                              

      

    ႕       (east zone)                    (west zone)   ၍                             
      ခ                                               fan coil unit(FCU) (၁၅)                   
    ႕       (east zone)    FCU          ၏ cooling capacity                     West Zone     FCU 
         ၏ cooling capacity                     

         ၏ total capacity                     Primary cooling system       fan coil unit 
        ၏ capacity     175 kW                                                            fan coil 
unit                      c   c                                    ခ                                 
       ခ ခ                       cooling load                         s s                    ႕        
(east zone)                    (west zone)    ႔                          load                ခ         
                          building load                            peak simultaneous load     
            ဤ         peak simultaneous load                      

ဂ                    ၏ peak simultaneous load                            
            ခ       ခ                                                      maximum simultaneous load     
                       ၏ cooling load                         
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References: 
CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287 66 9 
Lawrence Race G, Pennycook K, Design Checks for HVAC – A Quality Control Framework for Building 
Services Engineers – sheets 19-23, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7 

၉.၃ Design Watch Points 
(၁) Solar gain    ခ         ခ             ၍                   occupancy rate       

equipment    ႔         ခ             ၍                   Equipment         
                  ခ                    s                             heat reject 
            

            ခ       heat gain          ခ               ၍                 

(၂)  ခ   ႕    computer programme           software    ႔    cooling load       
    ခ            outdoor air load                   ခ    ခ                        ခ         
software         outdoor air load                   ခ                               
information                                           

၉.၄ Heat Balance on The Body  
        ခ             ခ      ၏    ခ                                  ခ   ႕  (၂၀) 

  ဂ       ဂ        (၂၂)   ဂ       ဂ        ခ                       (comfortable            
           ခ   ႕     ခ    (၂၂)  ဂ        ဂ       (၂၄)  ဂ       ဂ                             
 c                                               c                          ၏ ခ         
            ခ                                        ၏ခ                                  (fuel)      
                               ခ                                                     (carbon)      
hydrogen    ႔                                                                            
       ဂ      ႔                           ) Carbon-dioxide            ႔(water vapour)   ႔            
                                                      (metabolism)   ခ                                 
(metabolism)                ႔                 Carbohydrate   Fat       Protein    ႔    ခ           
 ခ                   ခ                
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  ခ               ခ                                          (The body is a constant 
temperature device)   ၏ metabolism                                      ၏ခ                 
   ခ        ၉၈.၆   ဂ             (၃၇   ဂ       ဂ    ) ခ  ႔                              ႔                
                           (energy)                                      ၏                
                   ခ        basal metabolic    ခ       ခ            ခ        ခ            
                                                     ခ                          ခ         ခ         
                                             Metabolic rate     ခ                   (energy)              
(consumption rate)              

ခ            ခ          (၇၀)          surface       ၁.၈                         (၃၀)          
                           ခ   basal metabolic rate     84 w             ခ            
        ႔      84 J                                                       ခ                    ႔      
84 Watt (joules per second)                   ခ        ၏         ႔     ႔                            
                         (chemical energy)        ခ                      (thermal energy)        ႔ 
                                  ခ                         ခ                      
                   

  

An average person dissipates energy 
to the surroundings at a rate of 84 W 
when resting. 

Two fast-dancing people supply more energy to a room 
than a 1-kW electric resistance heater. 

        c                ၏                   ၍                   ၏                     
m       c                                                                    ၏ metabolic              
           ခ                  b s           c              (၁၀) ခ  ႔                ႔         ခ      ခ  
                                  ခ                                      1kW          
          (heater)                                    ခ                       (heat)     total 
heat                Total heat      sensible heat       latent heat    ႔                   ခ    
                      ခ         sensible heat         (၄၀)  ခ                   latent heat         
(၆၀)  ခ                                            ခ         sensible heat     (၇၀)  ခ                  latent heat 
    (၃၀)  ခ                   ခ            ခ        ခ   (perspiration)     l                     

Metabolic rate                ခ                                 ခ                      
     ၍                                 metabolic rate                          ႔        
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     (၃၀                                                                    ခ            
          Metabolic activity              (brain)         (liver)     ၅၀   ခ         ခ  ႔             
    ဂ               ခ            ခ    ၏ (၄)  ခ                                     basal metabolic 
activity ၏             (၅၀  ခ         )                            

    

 

ခ            cntrol volume                    
                                       body heat     
                              ခ                     
                             ႔                        (E in) 
                    (E out)                                  
                 TV set    300 watt                     
                  TV set    300 watt                      
    ႔    (reject)       TV set ၏                  circuit   
                                                  
                      (Law of Conservation of Energy ) 
             

                         (၂၄၀၀)         
(Calories)    (၂၇၀၀)                s    ႔               
   ႔                                 ၁၈၀၀             
၂၂၀၀            ႔                

  ႔                                                   
                ခ              (body fat)                
                      ၍                     
                   ခ              ခ         ခ                   
(Body fat)          ခ           ခ                          

ခ              (body fat)              ခ        33.1 MJ             m       s         
                              ခ                   starving person (zero energy intake)       ႔    
                 (၂၂၀၀)         (9211 KJ)                (၂၂၀၀)                               
(9211/ 33100 =  0.28 kg)  

                    ႔              ခ               (body fat) ၀.၂၈           ခ          
     ႔                                       ႔                                          
(၁၀၀                          ခ                          ခ   (dehydration)               ခ      ႔        
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   ၏ energy consumption (metabolism rate)     ခ        ၏     ခ     
(         )         ၍             

    -     ခ     68 kg                                                   639          
            50 kg     ခ                     ၏ metabolism rate                        ခ    
            

(     ) 
                

     
                   

   ႔    100 kg                          960 Calories/ hr             

 

Cooling Load                  Rule of Thumb      
People and Occupancy  

ACMV     ခ                        cooling load              data                           
Data                           ခ            ခ  ခ         ႔                  ခ     ၌               
Data                          ခ  ႔     ခ       (es                             Rule of thumb           
      ႔     ခ            ႔            ခ                                    ခ         
   ခ                                    (Rule of Thumb = rule based on experience or practice rather 
than theory. ) 

 
Occupancy 

Comfort air conditioning system            cooling load            ခ       ႔      
                                     Heat load                                          
                                     ခ                                                  
architect                  ခ  ႔                      ၍             ခ       cooling load         
                occupancy rate          ခ        (floor area)                   ခ                  
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     ၍                                              ႔        occupancy rate      ခ                   
     ခ        (floor area)                              ခ  ႔                  

 ခ                   
General 80–150 Sq.Ft./Person 
Private 100–150 Sq.Ft./Person 
Conference, Meeting Rooms 20–50 Sq.Ft./Person 
Banks, Court Houses, Municipal Buildings, Town Halls 50–150 Sq.Ft./Person 
Police Stations, Fire Stations, Post Offices 100–500 Sq.Ft./Person 
Precision Manufacturing 100–300 Sq.Ft./Person 
Computer Rooms 80–150 Sq.Ft./Person 
Restaurants 15–50 Sq.Ft./Person 
Kitchens 50–150 Sq.Ft./Person 
Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs 15–50 Sq.Ft./Person 
Hospital Patient Rooms, Nursing Home Patient Rooms 80–150 Sq.Ft./Person 
Hospital General Areas 50–150 Sq.Ft./Person 
Medical/Dental Centers, Clinics, and Offices 50–150 Sq.Ft./Person 
Residential 200–600 Sq.Ft./Person 
Apartments (Eff., 1 Room, 2 Room) 100–400 Sq.Ft./Person 
Motel and Hotel Public Spaces 100–200 Sq.Ft./Person 
Motel and Hotel Guest Rooms, Dormitories 100–200 Sq.Ft./Person 
School Classrooms 20–30 Sq.Ft./Person 
Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes 10–50 Sq.Ft./Person 
Libraries, Museums 30–100 Sq.Ft./Person 
Retail, Department Stores 15–75 Sq.Ft./Person 
Drug, Shoe, Dress, Jewelry, Beauty, Barber and Other Shops 15–50 Sq.Ft./Person 
Supermarkets 50–100 Sq.Ft./Person 
Malls, Shopping Centers 50–100 Sq.Ft./Person 
Jails 50–300 Sq.Ft./Person 
Auditoriums, Theaters 5–20 Sq.Ft./Person 
Churches 5–20 Sq.Ft./Person 
Bowling Alleys 2–6 People/Lane 

Lighting  
Comfort air c                        s          c                                           

                   ခ     (Lighting)                  Heat load                                    
    ၍ cooling load                        Lighting Heat load   ခ            ခ        (floor 
area)                            ခ                      ၍ lighting heat load                    ၏  
   ႔        Lighting heat load      ခ                        ခ        (floor area)                        
      ခ  ႔                   

 ခ                   
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Offices, Commercial - General 1.5–3.0 Watts/Sq.Ft. 
Offices, Commercial  - Private 2.0–5.0 Watts/Sq.Ft. 
Conference, Meeting Rooms 2.0–6.0 Watts/Sq.Ft. 
Banks, Court Houses, Municipal Buildings, Town Halls 2.0–5.0 Watts/Sq.Ft. 
Police Stations, Fire Stations, Post Offices 2.0–3.0 Watts/Sq.Ft. 
Precision Manufacturing 3.0–10.0 Watts/Sq.Ft. 
Computer Rooms 1.5–5.0 Watts/Sq.Ft. 
Restaurants 1.5–3.0 Watts/Sq.Ft. 
Kitchens 1.5–2.5 Watts/Sq.Ft. 
Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs 1.5–2.0 Watts/Sq.Ft. 
Hospital Patient Rooms, Nursing Home Patient Rooms 1.0–2.0 Watts/Sq.Ft. 
Hospital General Areas 1.5–2.5 Watts/Sq.Ft. 
Medical/Dental Centers, Clinics, and Offices 1.5–2.5 Watts/Sq.Ft. 
Residential 1.0–4.0 Watts/Sq.Ft. 
Apartments (Eff., 1 Room, 2 Room) 1.0–4.0 Watts/Sq.Ft. 
Motel and Hotel Public Spaces 1.0–3.0 Watts/Sq.Ft. 
Motel and Hotel Guest Rooms, Dormitories 1.0–3.0 Watts/Sq.Ft. 
School Classrooms 2.0–6.0 Watts/Sq.Ft. 
Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes 1.5–2.5 Watts/Sq.Ft. 
Libraries, Museums 1.0–3.0 Watts/Sq.Ft. 
Retail, Department Stores 2.0–6.0 Watts/Sq.Ft. 
Drug, Shoe, Dress, Jewelry, Beauty, Barber, and Other Shops 1.0–3.0 Watts/Sq.Ft. 
Supermarkets 1.0–3.0 Watts/Sq.Ft. 
Malls, Shopping Centers 1.0–2.5 Watts/Sq.Ft. 
Jails 1.0–2.5 Watts/Sq.Ft. 
Auditoriums, Theaters 1.0–3.0 Watts/Sq.Ft. (၃) 
Churches 1.0–3.0 Watts/Sq.Ft. 
Bowling Alleys 1.0–2.5 Watts/Sq.Ft. 

Notes: 
(၁) The lighting values for most energy conscious construction will be the lower values. 
(၂) Actual lighting layouts should be used for calculating lighting loads whenever available. 
(၃)       ခ                            ႔     ခ         (theatrical lighting)               
 
Appliance/Equipment 
A. Total Appliance/Equipment Heat Gain:  0.5–5.0 Watts/Sq.Ft. 
B. Computer equipment loads for office spaces range between 0.5 Watt/Sq.Ft. and 2.5 

Watts/Sq.Ft. (recommend 1.5 Watts/Sq.Ft.).  
If actual computer equipment loads are available, they should be used in lieu of values listed 
here. 

Computer Rooms, Data Centers, and Internet Host Facilities 
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2.0–300 Watts/Sq.Ft. 
Telecommunication Rooms 

50.0–120 Watts/Sq.Ft. 
 
Electrical Equipment Heat Gain 
A. Transformers                  ၍               (Heat load)                      electrical 
load 1 KVA                  (Heat load)         s                     

1. 150 KVA and Smaller   50 Watts/KVA 
2. 151–500 KVA   30 Watts/KVA 
3. 501–1000 KVA   25 Watts/KVA 
4. 1001–2500 KVA    20 Watts/KVA 
5. Larger than 2500 KVA   15 Watts/KVA 

B. Switchgear                  ၍               (Heat load)             s                      
1. Low Voltage Breaker 0–40 Amps   10 Watts 
2. Low Voltage Breaker 50–100 Amps  20 Watts 
3. Low Voltage Breaker 225 Amps   60 Watts 
4. Low Voltage Breaker 400 Amps   100 Watts 
5. Low Voltage Breaker 600 Amps   130 Watts 
6. Low Voltage Breaker 800 Amps   170 Watts 
7. Low Voltage Breaker 1,600 Amps   460 Watts 
8. Low Voltage Breaker 2,000 Amps   600 Watts 
9. Low Voltage Breaker 3,000 Amps   1,100 Watts 
10. Low Voltage Breaker 4,000 Amps   1,500 Watts 
11. Medium Voltage Breaker/Switch 600 Amps  1,000 Watts 
12. Medium Voltage Breaker/Switch 1,200 Amps  1,500 Watts 
13. Medium Voltage Breaker/Switch 2,000 Amps  2,000 Watts 
14. Medium Voltage Breaker/Switch 2,500 Amps  2,500 Watts 

 
C. Panel boards: 

1. 2 Watts per circuit (circuit                   s         ) 
D. Motor Control Centers 

1. 500 Watts per section—each section is approximately 20″ wide × 20″ deep × 84″high. 
20″       × 20″       × 84″               Motor Control Centers               s 
          

E.  Starters: 
1. Low Voltage Starters Size 00    50 Watts 
2. Low Voltage Starters Size 0    50 Watts 

  3. Low Voltage Starters Size 1    50 Watts 
4. Low Voltage Starters Size 2    100 Watts 
5. Low Voltage Starters Size 3    130 Watts 
6. Low Voltage Starters Size 4    200 Watts 



             ႔                                                                                                  Chapter-9 Cooling Load  

                                                                                                                           9-11 

7. Low Voltage Starters Size 5    300 Watts 
8. Low Voltage Starters Size 6    650 Watts 
9. Medium Voltage Starters Size 200 Amp   400 Watts 
10. Medium Voltage Starters Size 400 Amp   1,300 Watts 
11. Medium Voltage Starters Size 700 Amp   1,700 Watts 

F. Variable Frequency Drives:  
2 to 6 percent of the KVA rating  

G. Miscellaneous Equipment: 
1. Bus Duct 0.015 Watts/Ft/Amp 
2. Capacitors 2 Watts/KVAR 

Notes: 
(၁) electrical equipment heat gain                          (manufacturer)          ၍ 

                                  (manufacturer)                heat dissipation         
                        

(၂) electrical equipment            ခ    ၌ overheating    ခ     95°F    104°F 
                                                                                  ခ     
90°F               electrical equipment                                    ႔         
equipment     ခ              ခ     electrical engineer                   ခ             

(၃)  electrical room ၏ ventilation               (outside air)                   electrical room 
   ခ                           ခ         10°F    15°F         ခ                     ခ ၌ 
        ခ                         electrical room    ခ        100°F             

(၄)     ၍ electrical room           ခ          c                 ၍ ventilation            
electrical room    ခ           ခ       ခ        10°F    15°F         ခ             

 
Motor Heat Gain 
A. Motors                           )        ခ          ႔               ႔     

1. Motors 0 to 2 Hp    190 Watts/Hp 
2. Motors 3–20 Hp         110 Watts/Hp 
3. Motors 25–200 Hp   75 Watts/Hp 
4. Motors 250 Hp and Larger   60 Watts/Hp 
                                               ခ                   ႔     ခ      ခ  

                                                ခ         ခ      ခ                                 
                     ခ                     ခ      ခ                                            ႔    
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 B. Motors and Driven Equipment are shown in the following table: 

 

 
  ခ                ခ        
( ) Equipment load             ခ          Actual equipment layouts and information       

                 

(ခ) Movie projectors   slide projectors   overhead projectors               equipment        
        heat load                                                   equipment      
          ခ                                          (lights)                               
                lighting load         equipment     ၏ heat load                   

(ဂ)  equipment loads        ခ          coffee pots, microwave ovens, refrigerators, food warmers 
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    ၏ heat                 ခ                  

(ဃ) owner, architect, engineer, or consultant    ႔     Kitchen, laboratory, hospital, computer room, 
and process equipment    ႔၏  ခ                                              
                       equipment                                         ႔                 
                                

 
 

၉. Cooling Load Factors 
Diversity Factors 

Diversity factor           -         lighting            equipment      ၏            load     
   ခ ခ                  total load                       ႔           ခ                             load 
                               ခ                                  ႔  total loads       actual usage 
       ခ       d    s      c             Diversity factor                                occupancy 
   ႔               ၍                                    Diversity factor                           
         (office buildings)                                           

A. Room/Space Peak Loads: 
1. People 1.0 x Calc. Load 
2. Lights 1.0 x Calc. Load 
3. Equipment 1.0 x Calc. Load* 

*Calc. Load may have diversity factor calculated with individual pieces of equipment or as a group or 
not at all. 
B. Floor/Zone Block Loads: 
1. People    0.90 x Sum of Peak Room/Space People Loads 
2. Lights    0.95 x Sum of Peak Room/Space Lighting Loads 
3. Equipment   0.90 x Sum of Peak Room/Space Equipment Loads 
4. Floor/Zone Total Loads 0.90 x Sum of Peak Room/Space Total Loads 
C. Building Block Loads: 
1. People   0.75 x Sum of Peak Room/Space People Loads 
2. Lighting  0.95 x Sum of Peak Room/Space Lighting Loads 
3. Equipment  0.75 x Sum of Peak Room/Space Equipment Loads 
4. Building Total Load  0.85 x Sum of Peak Room/Space Total Loads 
Safety Factors 
A. Room/Space Peak Loads   1.1 x Calc. Load 
B. Floor/Zone Loads (Sum of Peak)   1.0 x Calc. Load 
C. Floor/Zone Loads (Block)   1.1 x Calc. Load 
D. Building Loads (Sum of Peak)   1.0 x Calc. Load 
E. Building Loads (Block)    1.1 x Calc. load 
F. ASHRAE Standard 90.1-1989   10% Maximum Safety Factor 
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Cooling Load Factors 
A. Lighting Load Factors: 
1. Fluorescent Lights    1.25 x Bulb Watts 
2. Incandescent Lights    1.00 x Bulb Watts 
3. HID Lighting     1.25 x Bulb Watts 
  
B. Return Air Plenum (RAP) Factors: 
1. Heat of Lights to Space with RAP   0.76 x Lighting Load 
2. Heat of Lights to RAP    0.24 x Lighting Load 
3. Heat of Roof to space with RAP   0.30 x Roof Load 
4. Heat of Roof to RAP    0.70 x Roof Load 
C. Ducted Exhaust or Return Air (DERA) Factors: 
1. Heat of Lights to Space with DERA   1.00 x Lighting Load 
2. Heat of Roof to Space with DERA  1.00 x Roof Load 
 
D. Other Cooling Load Factors (CLF) are in accordance with ASHRAE Recommendations: 

CLF x Other Loads 
ASHRAE Standard 90.1-1989 
A. Pick-Up Loads 10% Maximum System Capacity Allowance for Morning Cool Down Cycles 
B. Safety Factor 10% Maximum 
 
Offices, Commercial 
A. General: 

1. Total Heat   300–400 Sq.Ft./Ton;  (Range 230–520) 
2. Total Heat   30–40 Btuh/Sq.Ft.; (Range 23–52) 
3. Room Sens. Heat  25–28 Btuh/Sq.Ft.; (Range 19–37) 
4. SHR    0.75–0.93 
5. Perimeter Spaces  1.0–3.0 CFM/Sq.Ft. 
6. Interior Spaces  0.5–1.5 CFM/Sq.Ft. 
7. Building Block CFM   1.0–1.5 CFM/Sq.Ft. 
8. Air Change Rate  4–10 AC/Hr. 

B. Large, Perimeter: 
1. Total Heat    225–275 Sq.Ft./Ton 
2. Total Heat    43–53 Btuh/Sq.Ft. 

C. Large, Interior: 
1. Total Heat    300–350 Sq.Ft./Ton 
2. Total Heat    34–40 Btuh/Sq.Ft. 

D. Small: 
1. Total Heat    325–375 Sq.Ft./Ton 
2. Total Heat    32–37 Btuh/Sq.Ft. 
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Banks, Court Houses, Municipal Buildings, Town Halls 
A. Total Heat   200–250 Sq.Ft./Ton (Range 160–340) 
B. Total Heat   48–60 Btuh/Sq.Ft. (Range 35–75) 
C. Room Sens. Heat   28–38 Btuh/Sq.Ft. (Range 21–48) 
D. SHR    0.75–0.90 
E. Air Change Rate   4–10 AC/Hr. 

Police Stations, Fire Stations, Post Offices 
A. Total Heat   250–350 Sq.Ft./Ton (Range 200–400) 
B. Total Heat   34–48 Btuh/Sq.Ft. (Range 30–60) 
C. Room Sens. Heat 2  5–35 Btuh/Sq.Ft. (Range 20–40) 
D. SHR    0.75–0.90 

Precision Manufacturing 
A. Total Heat    50–300 Sq.Ft./Ton 
B. Total Heat    40–240 Btuh/Sq.Ft. 
C. Room Sens. Heat    32–228 Btuh/Sq.Ft. 
D. SHR     0.80–0.95 
E. Air Change Rate    10–50 AC/Hr. 

Computer Rooms 
A. Total Heat    50–150 Sq.Ft./Ton 
B. Total Heat    80–240 Btuh/Sq.Ft. 
C. Room Sens. Heat    64–228 Btuh/Sq.Ft. 
D. SHR     0.80–0.95 
E. Air Flow    2.0–4.0 CFM/Sq.Ft. 
F. Air Change Rate   15–20 AC/Hr. 

Restaurants 
A. Total Heat    100–250 Sq.Ft./Ton (Range 75–300) 
B. Total Heat    48–120 Btuh/Sq.Ft. (Range 40–155) 
C. Room Sens. Heat    21–62 Btuh/Sq.Ft. (Range 20–80) 
D. SHR     0.65–0.80 
E. Air Flow    1.5–4.0 CFM/Sq.Ft. 
F. Air Change Rate    8–12 AC/Hr. 

Kitchens (Depends Primarily on Kitchen Equipment) 
A. Total Heat    150–350 Sq.Ft./Ton (At 85°F. Space) 
B. Total Heat    34–80 Btuh/Sq.Ft. (At 85°F. Space) 
C. Room Sens. Heat    20–56 Btuh/Sq.Ft. (At 85°F. Space) 
D. SHR     0.60–0.70 
E. Air Flow     1.5–2.5 CFM/Sq.Ft. 
F. Air Change Rate     12–15 AC/Hr. 

 Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs 
A. Total Heat    150–200 Sq.Ft./Ton (Range 75–300) 
B. Total Heat    60–80 Btuh/Sq.Ft. (Range 40–155) 
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C. Room Sens. Heat    27–40 Btuh/Sq.Ft. (Range 20–80) 
D. SHR     0.65–0.80 
E. Spaces     1.5–4.0 CFM/Sq.Ft. 
F. Air Change Rate    15–20 AC/Hr. (Cocktail Lounges, Bars,        
                                                                                       Taverns, Clubhouses) 
G. Air Change Rate     20–30 AC/Hr.  (Night Clubs) 

Hospital Patient Rooms, Nursing Home Patient Rooms 
A. Total Heat    250–300 Sq.Ft./Ton (Range 200–400) 
B. Total Heat    40–48 Btuh/Sq.Ft. (Range 30–60) 
C. Room Sens. Heat   32–46 Btuh/Sq.Ft. (Range 25–50) 
D. SHR     0.75–0.85 

Buildings w/100% OA Systems (i.e., Laboratories, Hospitals) 
A. Total Heat     100–300 Sq.Ft./Ton 
B. Total Heat     40–120 Btuh/Sq.Ft. 

Medical/Dental Centers, Clinics, and Offices 
A. Total Heat    250–300 Sq.Ft./Ton (Range 200–400) 
B. Total Heat    40–48 Btuh/Sq.Ft. (Range 30–60) 
C. Room Sens. Heat    32–46 Btuh/Sq.Ft. (Range 25–50) 
D. SHR     0.75–0.85 

Residential 
A. Total Heat    500–700 Sq.Ft./Ton 
B. Total Heat    17–24 Btuh/Sq.Ft. 
C. Room Sens. Heat    12–20 Btuh/Sq.Ft. 
D. SHR     0.80–0.95 

Apartments (Eff., 1 Room, 2 Room) 
A. Total Heat    350–450 Sq.Ft./Ton (Range 300–500) 
B. Total Heat    27–34 Btuh/Sq.Ft. (Range 24–40) 
C. Room Sens. Heat    22–30 Btuh/Sq.Ft. (Range 20–35) 
D. SHR     0.80–0.95 

Motel and Hotel Public Spaces 
A. Total Heat    250–300 Sq.Ft./Ton (Range 160–375) 
B. Total Heat    40–48 Btuh/Sq.Ft. (Range 32–74) 
C. Room Sens. Heat    32–46 Btuh/Sq.Ft. (Range 25–60) 
D. SHR     0.75–0.90 

Motel and Hotel Guest Rooms, Dormitories 
A. Total Heat    400–500 Sq.Ft./Ton (Range 300–600) 
B. Total Heat    24–30 Btuh/Sq.Ft. (Range 20–40) 
C. Room Sens. Heat   20–25 Btuh/Sq.Ft. (Range 15–35) 
D. SHR     0.80–0.95 

School Classrooms 
A. Total Heat    225–275 Sq.Ft./Ton (Range 150–350) 
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B. Total Heat    43–53 Btuh/Sq.Ft. (Range 35–80) 
C. Room Sens. Heat    25–42 Btuh/Sq.Ft. (Range 20–65) 
D. SHR     0.65–0.80 
E. Air Change Rate    4–12 AC/Hr. 

 Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes 
A. Total Heat    100–250 Sq.Ft./Ton (Range 75–300) 
B. Total Heat    48–120 Btuh/Sq.Ft. (Range 40–155) 
C. Room Sens. Heat    21–62 Btuh/Sq.Ft. (Range 20–80) 
D. SHR     0.65–0.80 
E. Spaces     1.5–4.0 CFM/Sq.Ft. 
F. Air Change Rate    12–15 AC/Hr. 

Libraries, Museums 
A. Total Heat    250–350 Sq.Ft./Ton (Range 160–400) 
B. Total Heat    34–48 Btuh/Sq.Ft. (Range 30–75) 
C. Room Sens. Heat    22–32 Btuh/Sq.Ft. (Range 20–50) 
D. SHR     0.80–0.90 
E. Air Change Rate    8–12 AC/Hr. 

Retail, Department Stores 
A. Total Heat    200–300 Sq.Ft./Ton (Range 200–500) 
B. Total Heat    40–60 Btuh/Sq.Ft. (Range 24–60) 
C. Room Sens. Heat    32–43 Btuh/Sq.Ft. (Range 16–43) 
D. SHR     0.65–0.90 
E. Air Change Rate    6–10 AC/Hr. 

Drug, Shoe, Dress, Jewelry, Beauty, Barber, and Other Shops 
A. Total Heat    175–225 Sq.Ft./Ton (Range 100–350) 
B. Total Heat    53–69 Btuh/Sq.Ft. (Range 35–115) 
C. Room Sens. Heat    23–54 Btuh/Sq.Ft. (Range 15–90) 
D. SHR     0.65–0.90 

 Supermarkets 
A. Total Heat    250–350 Sq.Ft./Ton (Range 150–400) 
B. Total Heat    34–48 Btuh/Sq.Ft. (Range 30–80) 
C. Room Sens. Heat    25–40 Btuh/Sq.Ft. (Range 22–67) 
D. SHR     0.65–0.85 
E. Air Change Rate    4–10 AC/Hr. 

Malls, Shopping Centers 
A. Total Heat    150–350 Sq.Ft./Ton (Range 150–400) 
B. Total Heat    34–80 Btuh/Sq.Ft. (Range 30–80) 
C. Room Sens. Heat    25–67 Btuh/Sq.Ft. (Range 22–67) 
D. SHR     0.65–0.85 
E. Air Change Rate    6–10 AC/Hr. 

Jails 
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A. Total Heat    350–450 Sq.Ft./Ton (Range 300–500) 
B. Total Heat    27–34 Btuh/Sq.Ft. (Range 24–40) 
C. Room Sens. Heat    22–30 Btuh/Sq.Ft. (Range 20–35) 
D. SHR     0.80–0.95 
 

Auditoriums, Theaters 
A. Total Heat    0.05–0.07 Tons/Seat 
B. Total Heat    600–840 Btuh/Seat 
C. Room Sens. Heat    325–385 Btuh/Seat 
D. SHR     0.65–0.75 
E. Air Flow    15–30 CFM/Seat 

 Churches 
A. Total Heat    0.04–0.06 Tons/Seat 
B. Total Heat    480–720 Btuh/Seat 
C. Room Sens. Heat   260–330 Btuh/Seat 
D. SHR     0.65–0.75 
E. Air Flow    15–30 CFM/Seat 
F. Air Change Rate   8–15 AC/Hr. 

Bowling Alleys 
A. Total Heat    1.5–2.5 Tons/Alley 
B. Total Heat    18,000–30,000 Btuh/Alley 
C. Air Change Rate   10–15 AC/Hr. 

 
All Spaces 

A. Total Heat    300–       /    @       ∆  
B. Total Heat           /    ±  % @       ∆  
C. Perimeter Spaces   1.0–3.0 CFM/Sq.Ft. 
D. Interior Spaces   0.5–1.5 CFM/Sq.Ft. 
E. Building Block CFM    1.0–1.5 CFM/Sq.Ft. 
F. Air Change Rate   4 AC/Hr. Minimum 

Total heat                 ventilation                   ခ           (Total heat includes ventilation.)   
Room sensible heat                  ventilation           (Room sensible heat does not include 
ventilation.)  
 

Cooling Load Calculation Procedure 
A. building characteristics                      ခ                  

1. Materials 
2. Size 
3. Color 
4. Shape 
5. Location 
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6. Orientation, N, S, E, W, NE, SE, SW, NW, etc. 
7. External/Internal shading 
8. Occupancy type and time of day 

  
B. outdoor design weather conditions        ခ       

1. Temperature 
2. Wind direction and speed 
3. Conditions in selecting outdoor design weather conditions: 

a. Type of structure, heavy, medium or light 
b. Is structure insulated? 
c. Is structure exposed to high wind? 
d. Infiltration or ventilation load 
e. Amount of glass 
f. Time of building occupancy 
g. Type of building occupancy 
h. Length of reduced indoor temperature 
i. What is daily temperature range, minimum/maximum? 
j. Are there significant variations from ASHRAE weather data? 
k. What type of heating devices will be used? 
l. Expected cost of fuel 

4. Outdoor design conditions                            code              outdoor design 
conditions        ခ        
C.  ခ                                                 indoor design    ခ     (temperature) 
            
D. un-conditioned spaces  ၏    ခ        ခ  ႔         ႔                  
E. walls, roof, windows, doors, partitions,         ႔၏ U-values                    
F. walls, windows, floors, doors, partitions,        ႔၏                             
G. Heat gains for all walls, windows, floors, doors, partitions, skylights,         ႔၏ heat gains 
                
H. Compute solar heat gains for all walls, windows, floors, doors, partitions, skylights, etc. 
I. space temperature and humidity    ႔                                          Infiltration 
heat gains                       
J. ventilation heat gain            
K. lights, people, and equipment    ႔ ၏ heat gains (internal heat gains        ခ     )             
L.                  ခ      G, H, I, J,       K    ႔   heat gains                      
O. actual cooling load       ခ       industry      ခ                  cc            s               
actual cooling load requirements.  
 

-End- 
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Heat Transfer of Human Body - male adult (W) 
  ခ           ခ     heat source                       ခ  heat Source    enviroment    ႔ 

           conduction   convection   radiation       evaporation                              ႔     
conduction   convection   radiation    ႔       ခ             ႔                             ခ           
                           w      c ss             ႔     evaporation            ခ           
                                 

 

Convection 
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Radiation  
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     c                    ခ                        ႔      c                              c    c  
s     c s             

      c         Dry Bulb temperature, Air                                      
      ႔                  

                   ခ   ၏        ခ       ခ                       ခ           ခ     ၏    ခ       ႔     
           

                Dry Bulb temperature   RH                                                
               ႔                

                                                                  s  s     
                                                       s  s                                       
          s                                     s  s                                      
 ခ   ၏    ခ             ၍                       ခ     ခ              s  s                ႔      
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                                    s       s                                         
       s       s                                                 

                                                                                       

                 ခ                       ႔                

                            s  s                                  ၏                            

                                                   ခ      ခ                          s  s     
                                                  

Degree 
of 
Activity 

Typical 
Application 

Average 
Metabolic 
rate - 
male 
adult  
(W) 

Room Dry Bulb Temperature (oC) 

28 27 26 24 22 20 

Sens. Lat. Sens. Lat. Sens. Lat. Sens. Lat. Sens. Lat. Sens. Lat. 

Seated 
at rest 

Cinema, 
theatre, 
school 

100 50 50 55 45 60 40 67 33 72 28 79 21 

Seated, 
very light 
work 

Computer 
working 

120 50 70 55 65 60 60 70 50 78 42 84 36 

Office 
work 

Hotel 
reception, 
cashier 

130 50 80 56 74 60 70 70 60 78 52 86 44 

Standing, 
walking 
slowly 

Laboratory 
work 

130 50 80 56 74 60 70 70 60 78 52 86 44 

Walking, 
seated  

150 53 97 58 92 64 86 76 74 84 66 90 60 

Moderate 
work 

Servant, 
hair 
dresser 

160 55 105 60 100 68 92 80 80 90 70 98 62 

Light 
bench 
work 

Mechanical 
production 

220 55 165 52 158 70 150 85 135 100 120 115 105 

Moderate Party 250 62 188 70 180 78 172 94 156 110 140 125 125 
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Dancing 

Fast 
walking 

Mountain 
walking 

300 80 220 88 212 96 204 110 190 130 170 145 155 

Heavy 
work 

Athletics 430 132 298 138 292 144 286 154 276 170 260 188 242 

                                                      ခ      ခ     ၇၅   ဂ                  
   ခခ          

 

             ႔ 

         s                            c             Lectures) 
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ETTV and RETV          
                              s                                                  ႔ 

                          ဂ                                      ခ ၏                                            
                                                 s                 ၏                         s      
  / s                           ၏                                ၏                                   
             s              

                                           ခ                                         s        
                                                                                              
                                 w        s                                                      
                                         ၍     ခ               w                                          
                                         e                                    

 
                                  ၏                                             ခ      

                               ခ                                                    ႔            ခ    
                                                                                 ခ              

                  ခ                             
                                                     
             ႔                                                                 
          ႔                                               
  ခ                                             ႔                       ႔                   

             c                                                              
 ခ                                 c                                                                

                 ခ                     ဂ                             ႔       c    c  ၏ 
     s                                      P  c ss             ဂ           ခ               
              c    c                   ခ                         s                                   
                                   ႔                ႔             ဂ                         
    ခ                   ခ                 w  c                                    ႔    c    c  
              ခ                     ခ     ၏ Design Finalization Stag                              
                                ခ             ခ                  ခ  ခ              50Watt per sq 
meter              ဂ                 ဂ                                 

                     ခ     ခ                   ခ         ခ                                  
    ခ                          ခ                         ခ                    
    ခ                  

         ၏                                                         ခ               ခ  ခ      
          

                                                                                             
                    s       s s                                              
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                 ခ                            ႔                  ႔                       
                    

(1) Heat conduction Through Opaque Walls 
                                    ခ        ခ       ခ              ခ                      ခ     

T2    ႔                  ၍                                     ခ                                ခ     23C 
   ႔ c    c                             

(2) Heat conduction Through Glass Windows  
                                                                                 c    c     

                             w         ခ  ၍       ခ           s            ws                        
                                    

(3) Solar Radiation Though Glass Windows  
   ss      ws         ၍                                            ႔              

                     Direct Radi                 s              ၍                          ခ      
          ႔                           ခ  Direct Radiation                     ခ                ႔ 
                                                                                          ႔ 
            ခ       s                         
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                  ခ      ခ ၏                                           ခ           
                             ခ                                    ႔        ခ   ၏                       
                                                                                                   
                               P                       ႔                                          

 

  

၉ -                      
        ခ                                            ၍                
      assumption                      
                                   ႔    ass                     
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( )                    s         c  s                ခ                                    
                                  

(ခ) Convention Heat Trasfer through building Enveloped opening portion is ignored. 

         ၏   ခ                                  c                                  ခ        
                                          ခ              s                            ခ    ခ    
             

၉ - ၁                 

 

 

                        (၃)ခ             

၉ - ၂ (        c    c                        s          
Heat conduction Through Opaque Walls = 12(1-WWR) Uw  
   s                           ခ        °C - 23°C = 12°             
 

                                    ခ        ခ       ခ              ခ                      ခ     
      ႔                 ၍                             -         ခ       °                         ခ     
23C    ႔ c    c                              
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        w    w    w                             ၏         ခ                   ဂ     ၁ 
                           ခ               w         ခ                                       

WWR = 0.6                                  ခ     ၏ ၆၀%     w    w             
                 ၄၀   ခ                 s                      

 w                                                       

     ( )                                        

   s                                       
     -             ခ ၏            ႔                        ခ ၏                      

(၁၀၀)               ၏ ၅၀%                                     ၏                      c                
                                  /               

                           ၏                                            
                                 ခ     ခ     ခ       12°            

Heat conduction Through Opaque Walls = 12(1-WWR) Uw        -                             
          

                ႕      ႔                 ၏  ၁                                      
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                                   Sing          ၏                                                   
                                 ခ                              

Envelope Layers of Materials  
Thickness of Material  
Thermal Conductivity of Materials (K Value or R Value) 
Air Resistance 

Thermal Conductivity (K Value) 
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                                    ၍                  ႔                                               
   s                         

                                                            c              s     -s     
c        s      unit area of the material of unit    c   ss       s                               
                  

 
Quantitiy of heat trasmiteed under steady-state conditions through unit area of the material of unit 
thickness in unit time when unit temperature difference exists between its opposite surface (W/m K) 

             ၏                   w                         (၁)                       1 K 
   ခ         ခ               s                h                  w              

 

 

၉ - ၃ (ခ       c    c                ss      ws          
Heat conduction Through Glass Windows = 3.4 (WWR) Uf  
                                                 s                                       
                                          
         Window            ၏                               w  c             c    c                      

 

၉ - ၄ (ဂ                            ss      ws          

Solar Radiation Though Glass Windows = 211 (WWR) (CF) (SC)  

                                              

                                       ႔                            
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                                                                                        ခ           
         ႔         ခ                 ခ   P            s    s            ႔                          ခ   
                                           ႔                                       ခ      
              heat e          solar r            ခ            

 

The solar factor has been derived from the annual average of solar radiation transmitted through a 
3mm clear glass window. 

                                                          ၍                      
    ခ                              ၍     s                        ခ                             
     ၍     solar r                  ခ                                                                  
             s                                     ခ                                              
                                ၏                       s                  

 

            

where 
SC : shading coefficient of the fenestration system 
SC1 : shading coefficient of glass or effective shading coefficient of 
glass with solar control film where a solar control film is used on the glass 
SC2 : effective shading coefficient of external shading devices 

                          c       c                            
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  ခ                          ခ      P  c       s           c    c       c                      
                           

P  c       s                          ခ                           

 

 

 

Wheelock Place Building Pitch 
Angles is below 90 Degree  

Most of building Pitch Angles 
are 90 Degree  

Concourse Building Pitch Angles is 
above 90 Degree  

 

-End- 
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