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RESIDENTIAL ENERGY - BTU

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

“British Thermal Unit (BTU): amount of heat required to 
raise a pound of water temperature 1°F.” 

1 KBTU = 1,000 BTU  
1 Therm = 100,000 BTU

1 kWh = 3,414 BTU



LAWS of THERMODYNAMICS HEAT TRANSFER

http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt

First Law: Energy is neither created or destroyed, it 
moves or changes form.
Second Law: Heat moves from high temperature 
regions to low temperature regions - never the reverse.

http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt
http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt


TYPE OF HEAT FLOW

Conduction: Heat conducts through solid objects and 
between objects touching one another.
Convection: Heat is transferred by a moving fluid.
Radiation: Radiant heat flies through space from one 
object to another. 

http://www.rewardwalls.com/blog/2013/07/22/insulation-for-the-building-envelope/

http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt
http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt


HEAT LOSS/GAIN in HOUSES

http://www.sustainablelivingguide.com.au/house/insulate-shade-weatherproof-your-house

Winter

Summer

http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt
http://nerdtshirtsuk.com/obey-the-second-law-of-thermodynamics-geeky-t-shirt


1. HEAT TRANSMISSION - BUILDING ENVELOPE

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

“The U-factor gives the amount of heat that transmits 
through a square foot of building cross-section composed 

of multiple slabs of material.” 

http://www.saturnonline.biz
http://www.saturnonline.biz


TRANSMISSION HEATING LOAD EQUATION (hr)

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

Example: Average wall/floor U value is 0.083 (R=12), total 
floor/wall/ceiling surface is 7,000 ft2, temp. difference -9 

(winter/outside) 70 (winter/inside)

http://www.saturnonline.biz
http://www.saturnonline.biz


HEATING DEGREE DAYS

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
. Heating Degree Day data courtesy of National Climatic Data Center; averages for period 1971-2000. 

HDD data represents mean average daily values below a balance point of 65° F. 

“Heating degree-day (HDD): describes how long the 
temperature is below 65°F during each day, month, or year.” 

http://www.saturnonline.biz
http://www.saturnonline.biz


TRANSMISSION HEATING LOAD EQUATION (yr)

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

“Number of BTU crossing the house shell (Q) = BTUs of 
heat crossing the building shell annually (during heating 

periods).” 

With:

http://www.saturnonline.biz
http://www.saturnonline.biz


2. AIR LEAKAGE/EXCHANGE

http://www.cleanenvisions.com/blower_door_testing.php

“Blower-door testing is a practical technique for estimating air 
leakage in homes - Gives a CFM50 value” 

http://www.cleanenvisions.com/blower_door_testing.php
http://www.cleanenvisions.com/blower_door_testing.php


BLOWER-DOOR TEST CFM50 STANDARD VALUES

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

“Homes with more than 6000 CFM50 may merit days of labor. 
Homes in the 2500-4000 CFM50 range merit less resources. ” 

http://www.saturnonline.biz
http://www.saturnonline.biz


AIR EXCHANGE HEATING LOAD EQUATION

To find annual heat transfer, substitute HDD for ∆T.

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

Example (sensible heat): Air heat capacity = 0.018 
(constant), total air flow rate is 4,500 ft3/hr. (from CFM50 = 
2000 and house volume = 9,000 ft3), temp. difference -9 

(winter/outside) 70 (winter/inside)

http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
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3. DIRECT SOLAR GAIN from WINDOWS

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

Radiation (or direct heat gain) is NOT negligible!
on top of U-factor, SHGC is necessary to calculate direct 

heat gain from insolation.

Solar Heat Gain Coefficient (SHGC): The ratio of solar 
heat passing through the glass to solar heat falling on the 

glass at a 90° angle. Single pane glass has a SHGC of 
0.87.

http://www.saturnonline.biz
http://www.saturnonline.biz


WINDOWS LABELS

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

http://www.saturnonline.biz
http://www.saturnonline.biz


WINDOWS EQUATIONS

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz

Direct Heat gain = insolation (btu/ft2-day) x SHGC x 365
Thermal loss = U-factor (btu/hr-ft2) x 24 (hr) x HDD 

Example San Francisco HDD = 2862  South insolation= 1080 btu/ft2-day
Solar gain = 1080 btu/ft2-day x 0.71 x 365 = 279,882 btu/ft2-yr

Thermal loss = 0.32 btu/hr-ft2-°F x 24 x 2862 = 21,980 btu/ft2-yr
Net gain = 279,882 – 21,980 = 257,902 btu/ft2-yr

for a 4x6 ft south facing windows net heat gain = 
258 kbtu/ft2-yr x 4 x 6 = 6,192 kBTU per year 

(or 62 therms of nat. gas!)

http://www.saturnonline.biz
http://www.saturnonline.biz


WINDOWS DATA (SAN FRANCISCO)

NREL MARION/WILCOX - Solar Radiation Data for Buildings - http://rredc.nrel.gov/solar/pubs/bluebook/

http://www.saturnonline.biz
http://www.saturnonline.biz


Homework - 9/20 (study group 9/13)
Your home windows net heat gain assignment
1. Use equations Direct Heat gain = insolation (btu/ft2-day) x SHGC x 365
                           Thermal loss = U-factor x 24 (hr) x HDD (btu/hr-ft2)
2. Use insolation data from previous slide (use Global line / Year column data) 
3. SHGC = 0.87 (single pane), SHGC = 0.75 (dbl pane), SHGC = 0.50 (low-e).
4. From previous assignment get the total surface of south facing windows.
5. How many BTUs is your home solar gain per year from south windows?
6. Repeat the calculation for E, W, N windows. Compare the 4 sides values.

http://vantagealuminium.com.au/blog/resources/u-value-shgc-explained/

http://vantagealuminium.com.au/blog/resources/u-value-shgc-explained/
http://vantagealuminium.com.au/blog/resources/u-value-shgc-explained/


Reading 9/13

Your Reading assignment
- Read chapter 1 in A,W & A (all)
- No presentation - Study group on Assignment #3


