Calculating Heat Loss / Energy Needs
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Residential and commercial buildings require energy for lighting, appliances and (especially) heating and cooling.  Buildings are not able to perfectly keep in the heat (energy) that is needed to make for a comfortable climate.  The figure illustrates that heat (energy) is lost through walls, windows, drafts, roof and the foundation.  

Engineers use a number of concepts to understand and calculate energy needs related to heating and cooling of buildings.  The primary concept is the idea of heat transfer – something you study in physics.  

Basically heat transfer is concerned with only two things - temperature, and the flow of heat. Temperature represents the amount of thermal energy available, whereas heat flow represents the movement of thermal energy from place to place. 
Heat transfer mechanisms can be grouped into 3 broad categories: 
Conduction - is heat transfer by means of molecular movement within a material without any motion of the material.

Convection – is heat transfer by mass motion of a fluid (typically air or water) when the heated fluid is caused to move away from the source of heat, carrying energy with it.
Radiation - is heat transfer by the emission of electromagnetic waves which carry energy away from the emitting object.
Typically for studying buildings we express the heat loss per unit time with this equation
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Where:

Q = heat loss per unit time (BTU/hr or Watts)

U = Overall heat transfer coefficient (btu/hr ft2 oF, W/m2K)

A = Area where heat transfer is occurring (ft2, m2)
ΔT = temperature difference (oF, K)
While there are scientific formulas for calculating U depending upon lots of variables, most often, we use tables that have values of U that have been empirically derived (that means they have been measured using experiments or actual structures.)
Common Heat Transfer Coefficients of some common Building Elements

	Building Element
	Heat-Transfer Coefficient

	
	(Btu/hr ft2 oF)
	(W/m2K)

	Doors
	Single sheet - metal
	1.2
	6.8

	
	1 inch - wood
	0.65
	3.7

	
	2 inches - wood
	0.45
	2.6

	Roofing
	Corrugated metal - uninsulated
	1.5
	8.5

	
	1 inch wood - unsinsulated
	0.5
	2.8

	
	2 inches wood - unsinsulated
	0.3
	1.7

	
	1 inch wood - 1 inch insulation 
	0.2
	1.1

	
	2 inch wood - 1 inch insulation 
	0.15
	0.9

	
	2 inches - concrete slab
	0.3
	1.7

	
	2 inches - concrete slab - 1 inch insulation 
	0.15
	0.9

	Windows
	Vertical single glass
	1.15
	6.5

	
	Vertical double glass
	0.7
	4

	
	Horizontal single glass
	1.4
	7.9

	Walls
	8 inches - poured concrete
	0.25
	1.4

	
	12 inches - poured concrete
	0.2
	1.1


U and R-values

U-value (or U-factor) is a measure of the rate of heat loss or gain through a construction of materials. The lower the U-factor, the greater the material's resistance to heat flow and the better is the insulating value. U-value is the inverse of R-value.

The U-value of a construction consisting of several layers can be expressed as

U = 1 / ∑ R 
where
R = "R-value" - the resistance to heat flow in each layer (hr sq.ft oF/btu)
For additional R values of materials you can go to: 

www.coloradoenergy.org/procorner/stuff/r-values.htm 

www.maconline.org/tech/rvalues/rvalues.pdf
www.e-star.com/ecalcs/table_rvalues.html
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