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RESIDENTIAL ENERGY - BTU

“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

BTU = /

Krigger/ Dorsi - Residential Energy - www.satur



LAWS of THERMODYNAMICS HEAT TRANSFE

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
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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/
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http://www.sustainablelivingguide.com.au/house/insulate-shade-weatherproof-your-house
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1. HEAT TRANSMISSION - BUILDING ENVELOPE

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

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
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TRANSMISSION HEATING LOAD EQUATION (hr)

Example: Average wall/floor U value is 0.083 (R=12), total
floor/wall/ceiling surface is 7,000 ft?, temp. difference -9
(winter/outside) 70 (winter/inside)

Temperature Transmissive

Transmittance Area difference Load

BTUs BTUs
U X A®® X AT = =
BTUs

0083 X 7000 X 79 = 45899 *w

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
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HEATING DEGREE DAYS

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

Average Winter Heating Summer Summer
State and City Winter Design Degree Design Mean Daily
Temp. Temp. Days® Temp. Range
California
Bakersfield 554 31 2120 101/69 32
Burbank 58.6 36 1575 91/68 25
Eureka/Arcata 499 32 4403 65/59 11
Fresno 533 28 2447 100/69 34
Long Beach 57.8 36 1211 80/68 22
Los Angeles 574 41 1274 80/68 15
Oakland S0 35 2400 80/63 19
Sacramento 53.9 30 2666 98/70 36
San Diego 59.5 42 1446 0/69 12
San Francisco 55.1 42 2862 20
Santa Maria 543 32 2783 6/63 23
“Phoenix 58.5 31 1125 107/71 27
Tucson 58.1 29 1578 102/66 26
Winslow 43.0 9 4992 95/60 32
Yuma 64.2 37 782 109/72 27

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.
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TRANSMISSION H
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—QUATION (yr)

“Number of BTU crossing the house shell (Q) = BTUs of

heat crossing the building shell annually (during heating

periods).”

Q=UxAxHDD

With:

U= (A1xU1)+(Ar2 xU))

U is area-weighted average U-factor.

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
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2. AIR LEAKAGE/EXCHANG

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

http://www.cleanenvisions.com/blower door testing.php
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SLOW

R-DOOR TEST CFMs0 STANDARD VALUES

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

Airtight Home Leaky Home
Estimated Natural Ventilation Rate in Air Changes Per Hour

2> .50 75 1.00 123

Minimum ventilation requirement Moderate air-sealing effort should
(MVR) without whole-house ventilation.  produce significant energy savings.

Whole-house ventilation Carefully targeted air sealing should Thorough air-sealing effort should
recommended or required. produce some energy savings. produce impressive energy savings.

1000 2000 3000 4000 5000

Blower-Door Flow Reading in CFM;g,

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
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Example (sensible heat): Air heat capacity = 0.018
(constant), total air flow rate is 4,500 ft3/hr. (from CFMsg =
2000 and house volume = 9,000 ft3), temp. difference -9
(winter/outside) 70 (winter/inside)

Air's heat
capacity

BTUs

ft>«°F

0.018

Air flow Temperature

rate difference

X 4500 X /9

X F& x AT

BTUs

= qQ &

= 6399 &=

To find annual heat transfer, substitute HDD for AT.

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


http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor_info_sheet.pdf
http://www.saturnonline.biz
http://www.saturnonline.biz
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—CT SOLA

R GAIN from WIN

DOWS

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.

line.biz
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WINDOWS LABELS

World's Best
Window Co.

Millennium 2000+ Casement

Vinyl-Clad Wood Frame
Double Glaze « Argon Fill « Low E

National Fenestration
Rating Council

ENERGY Performance

* Energy savings will depend on your specific climate, house and lifestyle

* For more information, call [manufacturer's phone number] or visit NFRC's
web site at www.nirc.org

Technical Information

Solar Heat Gain Visible
U-Factor 32 Coeflicient 45 Transmittance 5
. l

31 .45 .60 .3

Manufacturer stipulates that these ratings conform to apphcable NFRC procedures for determining
whole product energy performance. NFRC ratings are determined for a fixed set of environmental
conditions and specific product sizes

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

DOWS

—QUATIONS

Direct Heat gain = insolation (btu/ft>-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/ft?>-day x 0.71 x 365 = 279,882 btu/ft?-yr
Thermal loss = 0.32 btu/hr-ft2-°F x 24 x 2862 = 21,980 btu/ft*-yr

Net gain = 279,882 — 21,980 = 257,902 btu/ft?-yr

for a 4x6 ft south facing windows net heat gain =

258 kbtu/ft*-yr x 4 x 6 =6,192 kBTU per year

(or 62 therms of nat. gas!)

Krigger/ Dorsi - Residential Energy - www.saturnonline.biz
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WINDOWS DATA (SAN FRANCISCO)

2500 R s S e TSRS SRSV e
Transmitted Solar Radiation for Double Glazing 4 san - F r anCISCO, CA
T with External Shading S —_————
% 2000 + WBAN NO. 23234
g —| 0468 I‘—_L
2 1500 - b LATITUDE: 37.62° N
§ T LONGITUDE: 122.38° W
§ ELEVATION: 16 feet
& 1000 - 1.000 MEAN PRESSURE: 14.7 psia
Z. B i
P
§ 500 1 STATION TYPE: Secondary
a P I TR G R I Shading Geometry
J FMAMUJ J A S OND (Not to Scale)
Average Incident Solar Radiation (Btu/ft%/day), Uncertainty +9%
Orientation Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Horizontal Global 630 940 1340 1800 2120 2270 2330 2060 1700 1230 790 620 | 1490
Std.Dev. 66 122 147 163 126 144 84 109 101 79 84 75 33
Minimum 570 740 1060 1390 1790 1920 2190 1810 1480 1020 670 450 | 1400
Maximum 79 1240 1680 2030 2360 2520 2490 2300 1910 1400 930 760 | 1540
Diffuse 310 420 530 640 710 720 650 610 500 410 330 280 510
Clear-Day Global 940 1280 1760 2230 2530 2640 2570 2310 1900 1410 1010 840 | 1790
North Global 200 270 350 440 550 620 590 470 380 300 220 180 380
Diffuse 200 270 350 430 490 520 S00 450 380 300 220 180 360
Clear-Day Global 200 260 340 430 580 680 630 480 370 290 220 190 390
East Global 430 580 780 1000 1100 1120 1140 1030 930 720 500 400 810
Diffuse 250 330 430 530 590 610 590 550 470 370 280 220 440
Clear-Day Global 670 860 1100 1310 1420 1440 1410 1330 1170 930 710 610 | 1080
South Global| 1050 1140 1170 1070 900 800 860 1050 1300 1370 1150 1050 | 1080
Diffuse 350 430 500 540 550 540 530 530 510 470 390 330 470
Clear-Day Global| 1790 1840 1710 1340 1020 870 920 1180 1550 1790 1790 1740 | 1460
West Global 460 600 820 1060 1200 1260 1320 1210 1060 810 530 430 900
Diffuse . 250 330 440 550 610 630 610 570 480 380 280 230 450
Clear-Day Global | 670 860 1100 1310 1420 1440 1410 1330 1170 930 710 610 | 1080

NREL MARION/WILCOX - Solar Radiation Data for Buildings - http://rredc.nrel.gov/solar/pubs/bluebook/
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Homework - 9/20 (study group 9/13)

Your home windows net heat gain assignment

1. Use equations Direct Heat gain = insolation (btu/ft>-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-g).

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.
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http://vantagealuminium.com.au/blog/resources/u-value-shgc-explained/
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Reading 9/13

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

CONSUMER GU
HOME ENER

SAVINGS

| :
% NEWS.& JENNIFER THORNE AMANN
¥ e ML ]



