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End-use energy

From Buildings energy databook (2002), Pacific Northwest National Laboratory
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Energy breakdown (Residential)

A quad is a unit of energy equal to 1015 BTU, or 1.055×1018 joules in SI units.
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Skin load dominated building 



Energy breakdown (Commercial)

A quad (quadrillion) is a unit of energy equal to 1015 BTU, or 1.055×1018 joules in SI units.
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Internal load dominated building 



11.5 Estimating Balance-Point Temperature

 Balance point temperature
 When the “heat losses through the envelope and 

infiltration” equals the “heat gains to the building from 
solar radiation and internal sources (people, lights, 
equipment)”, this particular outdoor temperature is called 
‘balance point temperature’. 

 It represents the beginning of the need for space 
heating equipment.
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Balance point
Qgain = Qsolar + Qinternal (W)

Qloss = Qenvelope + Qinfiltration (W)

Qenvelope = UA(ti – tb)

Qinfiltration= 1.2V(ti – tb)

Find tb when Qgain = Qloss

Qgain =Qsolar + Qinternal =UA(ti – tb)+1.2V(ti – tb)
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Example 

 Qgain = 300(W), A = 10m2, U = 3(W/m2K), 
ti = 20◦C 

 Find tb? tb =10◦C 
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11.2 Calculation of Degree Days
 To derive HDDXX, each day’s mean temperature (halfway between 

high and low) is subtracted from the base temperature (or balance 
point temperature)

 HDD are totaled (added up) for an entire year 
 HDD data in most cities can be found in Appendices Tables B.3 & 

Tables C.20. HDD data are published for each climate station and are 
calculated to various base temperatures

 Why multiple base temperatures like HDD50, HDD55, HDD60, HDD65? 
 Interpolation between the various base DDs. 
 Conversion: DDSI = 0.56 DDIP (5/9=0.56)
 What if the mean temperature is greater than the base temperature?

(60+34)/2=47°F
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Calculation of Degree Days (sample)
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Month Jan
balance T 10

Day High ('C) Low ('C) Mean T DD10

1 4 2 3 7
2 5 1 3 7
3 6 0 3 7
4 7 -1 3 7
5 8 -2 3 7
6 5 2 3.5 6.5
7 9 4 6.5 3.5
8 7 5 6 4
9 6 3 4.5 5.5

10 4 -5 -0.5 10.5
11 5 -3 1 9
12 6 4 5 5
13 7 5 6 4
14 8 3 5.5 4.5
15 2 -5 -1.5 11.5
16 3 -3 0 10
17 4 2 3 7
18 4 2 3 7
19 5 -2 1.5 8.5
20 6 2 4 6
21 7 4 5.5 4.5
22 8 5 6.5 3.5
23 5 3 4 6
24 3 0 1.5 8.5
25 4 -1 1.5 8.5
26 5 -2 1.5 8.5
27 6 2 4 6
28 7 4 5.5 4.5
29 8 5 6.5 3.5
30 6 3 4.5 5.5
31 5 -2 1.5 8.5
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Monthly HDDs
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Image source: https://commons.wikimedia.org/wiki/File:United_States_Heating_Degree_Day_map,_1961-1990.jpg
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12.6 Approximate method for 
calculating heat gain (cooling load)

 Why is it so complicated? 
 ∆T is not so influential in summer
 Solar and internal heat gains must be included. 

(not safety margins as for heating)
 Hourly change in sun’s position and intensity 
 Thermal mass (walls, ceilings, furniture) delays 

the impact of the radiant component of heat gain. 
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A simplified approach (1)
 Sensible heat gains through opaque parts (roofs, walls, 

floor)
 Q=UA*DETD (DETD: Design Equivalent Temperature Difference) 

 From Table G.2 (Notes: For lightweight frame walls and doors, the 
DETD varies by orientation)

 or DETD = Sol-air temperature – room air temperature
 DETD values for roofs are considerably higher than other components 

due to the sol-air temperature.

 Sensible heat gains through glass
 Q=A*DCLF (DCLF: design cooling load factor. DCLF includes U 

factors as well as the equivalent temperature difference)
 From Table G.3: glass shaded by external shading devices which 

exclude all direct sun: assume “north glass protected by awnings”

 Sensible and latent gains from outdoor air
 Approach 1: Use Table G.4

 Infiltration: q_inf= (A_exposed)(infiltration factor)
 Ventilation: q_vent= (Q)(ventilation factor)

 Approach 2: Use calculated or estimated ventilation rate (V)
 Q=1.2V∆T (Q= sensible heat loss only, V[L/s])
 Q=3010V∆W (W:kg/kg[DA])
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Appendix Table B.3
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A simplified approach (2)

 Sensible and latent gains from people
 Table G.5

 Sensible heat gains from lights
 1.1 or 1.2 times the total bulb wattage of such 

lights for discharge lamps (because of ballasts)
 1.0 for incandescent lamps

 Sensible heat gains from equipment 
 Tables G.6, G.7
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A simplified approach (3)

 Latent heat gains
 Assumption: the latent heat gains are closely 

associated with infiltration  
 Estimate additional latent heat as a percentage 

of total sensible heat gain
 Use design DB and mean coincident WB 

temperatures from Appendix Table B.3
 Use Figure 12.23
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= occasionally parti-wall or parting wall, also known as 
common wall, is a dividing partition between two 
adjoining buildings 

Built-up= increased in height by the addition of parts

Example of built up roofing
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12.7 Detailed hourly heat gain (cooling load) calculations

 Much more detailed calculation than 
section 12.6 (Ex.12.8)  that can 
account for thermal storage 
 TFM, TETD/TA: hourly calculation
 CLTD/CLF: 1hour calc.
 HB (Heat Balance Method)
 RTS (Radiant Time Series)
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