
Advanced Building Science  

• Cooling Load Calculations 
– Principles & considerations 
– Heat flow rates and design conditions 
– Generalized procedures 
– Residential (simplified approach) 

 
 

• Readings 
– HF - Chapter 17 => primary focus 
– HF - Chapter 18 => (review for procedures and tables) 
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Cooling Load Calculations 

Principles and Considerations 
– “Worst case” design loads for the equipment 

• may be different than “worst case” for a specific space 
• room by room calculation is strongly recommended 
• however, peak load may or may not coincide with the 

largest heat gain for a specific space or the whole house 
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Cooling Load Calculations 

Principles and Considerations 
– Far more complicated than heating design loads 

• additional gains 
• solar gain is extremely dynamic and time dependent 
• latent effects probably can’t be ignored 
• radiant gains are significant and not always instantaneous 

– Timing is everything 
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Heat Flow/Gain Rates – The Big Picture 

• Space heat gain 
– mode of entry 
– sensible or latent heat gain 

• Space cooling load 
– radiant heat gain 

• Space heat extraction rate 
• Distribution gains 
• Cooling coil load 
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Initial Design Conditions 

• Building characteristics 
• Configuration 

– orientation will be important 

• Outdoor design conditions 
• Indoor design conditions 
• Operating schedules 
• Date and time of peak conditions 

– may require a several iterations 
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Heat Sources and Heat Gain Concepts 

• Time delay 
• People 
• Lighting 
• Motors 
• Appliances 
• Fenestration 
• Exterior (and interior) surfaces 
• Infiltration & ventilation 
• Miscellaneous 
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It’s All About the Heat Balance 
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Source: ASHRAE Handbook Fundamentals 2013, 
Chapter 18.15 



Overall Cooling Load Methods 

Heat Balance (HB) Method 
– Assumes well mixed 
– Uniform surface temperatures and radiation 

 
– Residential => Residential Load Factor (RLF) Method 

• Basis is ResHB 
• Functionally driven with Cooling Factors 
• See Table 1 

– Commercial => Radiant Time Series (RTS) Method 
• Replaces earlier approaches such as 

– transfer function  
– total equivalent temperature difference / time averaging 
– cooling load temperature difference / cooling load factor 
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Residential Cooling Load Procedure 

Unique features 
– considered occupied 24 hours per day, every day 
– loads are primarily through the structural components 

• comparatively the internal gains are small  
– most residences are a single zone 
– greater distribution losses (as fraction of total) 
– residential cooling units are generally small 
– dehumidification only occurs during cooling 

 
Note: Multifamily buildings may or may not fit single  
family methods depending on exposures and systems used. 
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General Guidelines 

• Design for Typical Building Use 
– Meet representative maximum conditions, not 

extreme conditions 
• Building Codes and Standards 

– Codes and local regulations take precedence 
• Design Judgment 
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General Guidelines 

• Verification 
– Post-construction commissioning and verification is 

important 
• Uncertainty & Safety Allowances 

– Due to the general and approximate nature, it may 
be tempting to add safety allowances for each 
aspect of the calculation 

– This can be compounding, so allowances (if applied, 
at all) should be added to final results 
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Total Sensible Cooling Load 

• Heat gain through structural components 
– Below grade is ignored (or considered highly insulated) 

• Heat gain through windows 
– transmission 
– solar radiation 

• Heat gain caused by air infiltration and ventilation 
• Heat gain due to occupancy 
• Heat gain due to household equipment 
• Heat gain in air distribution system 
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Latent Cooling Load 

• Usually are evaluated separately 
 

• However, for residential buildings they are 
frequently estimated as a percentage of sensible 
loads 
– This is clearly flawed, but better than nothing at all 
– Momentum is building to address latent loads more 

intentionally 
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Loads Through Opaque Surfaces 

• RLF Method uses: 
 qopq = A  x CFopq 
 
 CFopq = U(OFt x ∆Τ + OFb + OFr x DR)  

 

• For ceilings/roof, walls, floors over ambient  
– use “opaque surface cooling factor coefficients” 
– see Table 7  & 8 
 

May reduce load slightly using slab floor procedure 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.2 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.9 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.8 



Loads Through Transparent Surfaces 

• RLF Method Uses: 
    

  qfen = A  x CFfen 
 

   CFfen = U(∆Τ−0.46DR) + PXI x SHGC x IAC x FF 
 

   PXI = Tx x Et    (if unshaded) 
   PXI = T [Ed + (1 – Fshd) ED ] (if shaded) 
 

– PXI = Peak Exterior Irradiance [see Table 10, 11, & 12] 
– SHGC = solar heat gain coefficient see [Tables or NFRC value] 
– IAC = Interior shading attenuation coefficient [see Table 14] 
– FF = fenestration solar load factor [see Table 13] 
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Source: ASHRAE Handbook Fundamentals 2013,  Chapter 17.9-11 
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Source: ASHRAE Handbook Fundamentals 2013 
Chapter 17.9 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.10 
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Source: ASHRAE Handbook Fundamentals  2013, Chapter 17.11 



Loads Due to Infiltration & Ventilation 

• Find air flow and use equations: 
   qs = Cs  x Q x ∆T 

   ql = Cl  x Q x ∆W 

   

• Air flow 
– use procedures Chapter 16 or 
– use simplified methods based on effective leakage 

area and infiltration driving force [see Tables 3, 4, & 5] 
  
 Qi  = Al x IDF 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 16 



Loads Due to Internal Gains 

• Use equations: 
  qig,s = 464 + 0.7Acf  + 75Noc 

 

  qig,l = 68 + 0.7Acf  + 41Noc 
 

– Acf = conditioned floor area 
– Noc = number of occupants 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 16 



Loads Due to Air Distribution System 

• Use equation: 
   qd = Fdl x qbl 
    
– Fdl = duct gain factor [see Table 6] 
– qbl = total building load (sensible) 
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Source: ASHRAE Handbook Fundamentals Chapter 17.8 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.8 



Loads Due to Latent Gains 

• Use equation (32): 
   ql = qvi,l x qig,l 
    

• Usually added at the end 
– Sometimes as a percentage of total sensible gain, 

but that is not the preferred method 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.10 



Cooling Load Summary 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 17.11 



In Summary 

Questions and Discussion 
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Next Class 

• Energy Estimating 
– General considerations 
– Component modeling and loads 
– System modeling 

• Degree-day methods (primarily heating) 
• Bin method (heating & cooling) 

 
• Readings 

– HF Chapter 19.1 to 19.8 
– HF Chapter 19.16 to 19.33 
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Source: ASHRAE Handbook Fundamentals Chapter 18 
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Source: ASHRAE Handbook Fundamentals Chapter 18 


	Advanced Building Science 
	Cooling Load Calculations
	Cooling Load Calculations
	Heat Flow/Gain Rates – The Big Picture
	Initial Design Conditions
	Heat Sources and Heat Gain Concepts
	It’s All About the Heat Balance
	Overall Cooling Load Methods
	Residential Cooling Load Procedure
	General Guidelines
	General Guidelines
	Total Sensible Cooling Load
	Latent Cooling Load
	Loads Through Opaque Surfaces
	Slide Number 15
	Slide Number 16
	Loads Through Transparent Surfaces
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Loads Due to Infiltration & Ventilation
	Loads Due to Internal Gains
	Loads Due to Air Distribution System
	Slide Number 24
	Loads Due to Latent Gains
	Cooling Load Summary
	In Summary
	Next Class
	Supplemental Slide
	Supplemental Slide
	Supplemental Slide
	Supplemental Slide
	Supplemental Slide
	Supplemental Slide
	Supplemental Slide

