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Introduction

“Preventing the sun's radiation from entering through
the roof can make a significant contribution to
comfort and reduction in cooling bills/needs.”

From: Sustainable Building Sourcebook
Chapter: Energy




Definition

*Radiant barrier are aluminum foil laminates or aluminized
synthetic film sheets.

*The foil is typically laminated to either paper, oriented strand
board (OSB), or plywood; or aluminum is vacuum-deposited over
polymer sheets or boards (e.g., foam board).

*The laminates of films have at least one low emittance surface of
0.1 or less (ASTM Standard C1313, 2010).




Definition

*Radiant barriers reduce the transfer of heat energy radiated
from “hotter” surfaces to “colder” surfaces (e.g., the deck of
an attic to the attic floor).

1728
*Among the benefits of installing radiant barriers are energy
savings, S savings, and comfort. ‘



Radiant Barrier Installations
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Radiant Barrier InstaIIatlons
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Radiant Barriers

Source: “Radiant Barriers: Performance Revealed”
September/October 2000 Issue, Home Energy Magazine



Radiant Barriers

e Modes of Heat Transfer

Conduction

(Source: Btubusters)




Radiant Barriers
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Radiant Barriers

* Inthe studies, the performance of radiant barriers was
assessed via:

— Experiments

» Side by side monitoring of pre- and post-retrofit data.

— Modeling

 Mathematical representation of thermal sciences that describe
the processes that take place.

* Implemented using computer programming (e.g., FORTRAN).
— Model/Experiment Validation



Radiant Barriers

Experiments: Test Houses




Radiant Barriers

* Experimental Results: Calibration (No RB Case)
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Radiant Barriers

Experimental Results: Calibration (RB Case)

Ceiling Heat Flux

CEILING HEAT FLUX IN W/m~2
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Radiant Barriers

Experimental Results: Effect of Radiant Barriers
(~28% Daily Heat Flow Reduction)
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Radiant Barriers

* Experimental Results: Installation Comparisons
Horizontal Configuration vs. Truss Configuration?
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Radiant Barriers

* Experimental Results: Shingle Temperatures

Horizontal Configuration Truss Configuration
vs. No RB Case vs. No RB Case
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Radiant Barriers

Experimental Results: Effects of Daily Solar Radiation

D: JULY 25 — AUGUST 5,
5 TION RESISTANCE 3.35 m~2K/W (R-19)
VENTILATION: FORCED 5.1 (1/sec)/m2 (1.0 CPM/ft"2)
'NORB — EAST HRB

s

(7]
o
1

(7]
(=]
1

»
[—]
1

[
o
1

CEILING HEAT FLUX REDUCTION (%)
2
1
0

-
-3
1

5_Pum Data shown are daily (integrated) ceiling heat flux reductions from hourly data

0 1 I U ) U
1600 1800 2000 2200 2400 2600
DAILY SOLAR AND SKY RADIATION (KJ/DAY)




Radiant Barriers

* Experimental Results: Effects of Attic Ventilation
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Radiant Barriers

* Experimental Results: Effects of Attic Insulation Level
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Radiant Barriers

 Verification of Model/Experiments

No Radiant Barrier Configuration Horizontal Configuration
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Radiant Barriers

 Computer Simulations: Climate Influence
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Radiant Barriers

 Computer Simulations: Climate Influence
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Radiant Barriers

 Computer Simulations: Climate Influence

Ceiling Heat Flux (W/m*2)
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Radiant Barriers

 Computer Simulations: Climate Influence

Ceiling Heat Flux (W/m*2)
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Radiant Barriers

 Computer Simulations: Climate Influence

Sample
Summer Peak-Hour
Integrated Percent
Climate Sample Station Percent Average Reduction
Reduction (PHPR)
(SIPR) (%)
(%)
San Antonio, TX 34.3
Humid Subtropical New York- NY 32.5 35.1 31
Atlanta, GA 38.5
Humid Continental Topeka, KS 30.0 305 46
Warm Summer Indianapolis, IN 30.1 '
Las Vegas, NV 19.2
Desert Tucson, AZ 23.0 211 23
Humid Continental Cool Minneapolis, MN 25.7 250 54
Summer Detroit, Michigan 24.3 '
Pocatello, ID 16.0
Steppe Helena, MT 13.7 14.9 36
Marine West Coast Astoria, OR 9.6 9.6 ~100
Mediterranean San Francisco, CA 2.3 2.3 97
Western High Areas Boulder, CO 19.7 19.7 44
Tropical Savanna Miami, FL 36.8 36.8 42
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Radiant Barriers

* Parametric Analyses: Outdoor Air Temperature
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Radiant Barriers

* Parametric Analyses: Mean Hourly Relative Humidity
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Parametric Analyses: Mean Hourly Global (H) Radiation

Percentage Reduction in Ceiling Heat

Flux for Period(%)
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Radiant Barriers

Parametric Analyses: Latitude
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Radiant Barriers

Parametric Analyses: Altitude
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Radiant Barriers

* Parametric Analyses: Roof Solar Absorptivity
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Radiant Barriers

* Parametric Analyses: Radiant Barrier Emissivity
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Radiant Barriers

* Parametric Analyses: Attic Airflow Rate
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Radiant Barriers

Parametric Analyses: Roof Slope
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Radiant Barrier Performance

Ceiling Heat Flow

EXPERIMENTAL RESULTS HIGHLIGHTING CEILING HEAT FLOW REDUCTIONS PRODUCED BY THE RADIANT BARRIERS AND INTERIOR RADIATION CONTROL COATINGS DURING THE COOLING SEASON

Nominal Ceiling Heat Flow Reductions Over Test Period (%) o .,
Season Reference Insulation Testing Method Gity, st oD Climatic Ventilation Occupied Comments Average
Level Protocol Summer Zone
R-value 10-14|15-19|20-24 (25-29 | 30-34 | 35-39 | 40-44 [ 45-49 [ 50-54 | 55-58 60 Vents FV [NV| N Y
loy {1958) R-75 HRB 50 N/A s | s | x X Flat Roof
Katipamula & O'Neal (1986) R-11 Laboratory HRB a8 NfA - - - - X Flat Roof n%
Yarbrough (2010) R-13 Controlled a1 N/A Sl - - - ] X Pitched Roof
loy {1958) R-75 HRB 28 N/A s | s | x X pitched Roof
Swami and Fairey (1986) R-19 Laboratary IRCC 32 N/A - - X Flat Roof 32%
Controlled
Ashley et al. (1994) HRB/TRB 60 Kingsville, TX 3,404 2 G G X X Attic fully wrapped
Medina (2000a) R-11 Side-by-Side TRB 42 College Station, TX 2,938 X X 45%
Hall (1988a) TRB 34 Chattanooga, TN 1,608 4 s G X
Fairey (1985) TREB a3 Cape Canaveral, FL 3,300 2 s 5 X X 5 ACH, 1 AS fidown
Fairey (1285) TRE 43 Cape Canaveral, FL 3,300 2 5 5 X X 5ACH, 2 AS
blo Hall (1536) HRB 40 Chattanooga, TN 1,608 4 5 G X X
_E Fairey (1990) TREB 39 Cape Canaveral, FL 3,300 2 - - X X
-_ Parker and Sherwin (1988) TRE 36 Cocoa Beach, FL 3,300 2 5 R X X Ventarea = 1:150
0 Levins et al. (1986) HRB 35 Karns, TN 1,301 4 5 G X X
O Medina (2000a) TREB 34 College Station, TX 2,938 2 s G X X
U Levins et al. (1986) TRE 30 Karns, TN 1,301 4 5 G X X
Hall {1988a) R-19 Side-by-Side TRB 30 Chattanooga, TN 1,608 4 5 G X X 30%
Medina et al. (19923 HRB 30 College Station, TX 2,938 2 s G X X
Parker and Sherwin (1988) TRE 26 Cocoa Beach, FL 3,300 2 5 R X X Vent area = 1:300
Hall (1536) TRB 23 Chattanooga, TN 1,608 4 5 G X X
McQuiston et al. (1984) HRB 20 stillwater, OK 1,881 3 - - X - - Curved Roof
Ober & Volckhausen (1988) DRB 20 Orlando, FL 3,428 2 5 G X X
Fairey (1985) TRB 19 Cape Canaveral, FL 3,300 2 - - X Unvented Attics
Fairey (1985) HRB 18 Cape Canaveral, FL 3,300 2 - - X Unvented Attics
Hall (1936) DRB 16 Chattanooga, TN 1,608 4 5 G X X
Medina (2000a) TRB 25 College Station, TX 2938 2 5| 6 X
R-30 Side-by-Side 23%
Hall (1988a) TRB 20 Chattanooga, TN 1608 4 s G X

Legend: CDD = Cooling Degree Days, HDD = Heating Degree Days, HRB = Horizontal Radiant Barrier, TRB = Truss Radiant Barrier, DARB = Deck-Applied Radiant Barrier, DRB = Draped Radiant Barrier, IRCC = Interior Radiation Control Coating, FV= Forced Ventilation,
NV= Natural Ventilation, 5 = Soffit Vent, G = Gable Vent, R = Ridge Vent, P = Power Fan, ACH = Air Changes per Hour, AS = Aluminized Side, f/ = Facing, N/A = Not Applicable, (-] = Not Specified




Radiant Barrier Performance

Ceiling Heat Flow

EXPERIMENTAL RESULTS HIGHLIGHTING CEILING HEAT FLOW REDUCTIONS PRODUCED BY THE RADIANT BARRIERS AND INTERIOR RADIATION CONTROL COATINGS DURING THE HEATING SEASON
Nominal Ceiling Heat Flow Reductions Over Test Period (%) . i
Insulation Testing . Climatic Ventilation Occupied
Season Reference Method City, 5t HDD Comments Average
Level Protocol Winter Zone
R-Value -5 0-4 5-% |10-14|15-19 | 20-24 [ 25-29 ( 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-39 60 Vents FV |NV| N Y
Levins and Karnitz (1988) HRB 19 Karns, TN 3,993 4 5 G X X
Hall (1938) HRB 17 Chattanooga, TN 3,427 4 5 G X X
R-11 Side-by-Side 13%
Levins and Karnitz (1988) TRB 8 Karns, TN 3,993 4 5 G X X
Hall (1938) TRB 6 Chattanooga, TN 3,427 4 5 G X X
Levins and Karnitz (1937h) TRB 30 Karns, TN 3,993 4 5|6 X
Fairey (1390) TRB 24 Cape Canaveral, FL B77 2 - X
Medina etal. (1992b) HRB 17 College Station, TX 1,616 2 - - - - X MNon-vented Attics
Q0 [Hall (1985) HRB 15 Chattanooga, TN 3,427 4 s |6 x | x
C Medina etal. (1992b) TRB 15 College Station, TX 1616 2 - - - - X MNon-vented Attics
—
Medina etal. (1992b) HREB 14 College Station, TX 1,616 2 S| 6 X X
= (19920) R18 | Side-by-Side = 12%
(40} McQuiston etal. (1934) HRB 10 stillwater, OK 3,989 3 - - X - - Curved Roof
G) Medina et al. (1992b) TRB 9 College Station, TX 1,616 2 5 G X X
I Hall (1938a) HRB 5 Chattanooga, TN 3,427 4 5 G X X
Hall (1936) TRB 8 Chattanooga, TN 3,427 4 5 G X X
Hall (1936) DRB 4 Chattanooga, TN 3,427 4 5 G X X
Hall (1988a) TRB -5 Chattanooga, TN 3,427 4 5 G X X
Hall (1938a) HRB 15 Chattanooga, TN 3,427 4 5 G X X
Levins and Karnitz (1988) HRB 10 Karns, TN 3,993 4 s G X X
R-30 Side-by-Side 9%
Hall (1988a) TRB 6 Chattanooga, TN 3,427 4 5 G X X
Levins and Karnitz (1988) TRB 4 Karns, TN 3,993 4 s G X X
Legend CDD = Coolmg Degree Days HDD = Heating Degree Da\,'s HRB = Horizontal Radiant Barrler, TRB = Truss Radiant Barrler, DARB = Deck- Applled Radiant Barrler, DRB = Draped Radlant Barrier, IRCC = Interior Radiation Control Coating, FV= Forced Ventilation,




Radiant Barrier Performance

Ceiling Heat Flow
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Radiant Barrier Performance
Space Cooling Load

EXPERIMENTAL RESULTS HIGHLIGHTING SPACE COOLING LOAD REDUCTIONS PRODUCED BY THE RADIANT BARRIERS
Nominal Space Load Reduction (%) o . Inc\L.!des
Insulation Testing - . Climatic Ventilation Occupied | Ducts in the
Season Reference Method |Ceiling Area - City, 5t cDD . Average
Level Protocol Cooling Zone Attic
R-Value -5 0-4 | 5-9 |10-14|15-19|20-24|25-29| 30 Vents | FV [NV | N Y| Y| N
Levins and Karnitz (1987a) HRB 1,200 16 Karns, TN 1,301 4 5 G X X X
R-11 Side-by-Side 14%
Levins and Karnitz (1987a) TRB 1,200 11 Karns, TN 1,301 4 5 G X X X
Parker and Sherwin (2002) Pre-and-Post TRB 2,440 27 Orlando, FL 3,428 2 - - - - X X
D |Levins etal. (1986) Side-by-Side HRB 1,200 21 Karns, TN 1,301 a4 s | @ X X X
R-19 20%
C Parker and Sherwin (2002) Pre-and-Post TRB 2,200 20 Largo, FL 3,718 2 - - - - X X
o —
— Levins et al. (1986) Side-by-Side TRB 1,200 13 Karns, TN 1,301 4 5 G X X X
8 Parker and Sherwin (2002) Pre-and-Post TRB 1,520 16 Tarpon Springs, FL 3,414 2 - - - - X
( ) Davis and Tiller {2009) Side-by-Side TRB 3,205 14 Charlotte, NC 1,681 3 5 R X X X
Parker and Sherwin (2002) R-30 Pre-and-Post TREB 1,840 5 Apopka, FL 3,428 2 5 P X X X X 6%
Levins and Karnitz (1987a) Side-by-Side HRB 1,200 2 Karns, TN 1,301 4 5 G X X X
Parker and Sherwin (2002) Pre-and-Post TRB 2,140 1] Orlando, FL 3,428 2 P P X X Partially
Levins and Karnitz (1987a) Side-by-Side TRB 1,200 -1 Karns, TN 1,301 4 5 G X X X
Legend: CDD = Cooling Degree Days, HDD = Heating Degree Days, HRB = Horizontal Radiant Barrier, TRB = Truss Radiant Barrier, DARB = Deck-Applied Radiant Barrier, DRB = Draped Radiant Barrier, IRCC = Interior Radiation Control Coating,
FW=Forced Ventilation, NV= Natural Ventilation, 5 =Soffit Vent, G = Gable Vent, R =Ridge Vent, P = Power Fan, ACH = Air Changes per Hour, AS = Aluminized Side, f/ = Facing, N/A = Not Applicable, -] = Not Specified




Radiant Barrier Performance
Space Heating Load

EXPERIMENTAL RESULTS HIGHLIGHTING SPACE HEATING LOAD REDUCTIONS PRODUCED BY THE RADIANT BARRIERS
Nominal Space Load Reduction (%) e . Inc\L.!des
Insulation Testing - X Climatic Ventilation Occupied | Ducts in the
Season Reference Method |Ceiling Area City, 5t HDD . Average
Level Protocol Heating Zone Attic
R-Value -5 0-4 | 5-9 |10-14|15-19|20-24|25-29| 30 Vents | FV [NV | N Y| Y| N
m Levins and Karnitz (1987h) . . HRB 1,200 9 Karns, TN 3,993 4 5 G X X X
R-11 Side-by-Side 5%
cC Levins and Karnitz (1987h) TRB 1,200 0 Karns, TN 3,993 4 ) G X X X
:l—I— Levins et al. (1986 HRB 1,200 10 Karns, TN 3,993 4 5 G X X X
- { ! R-19 Side-by-Side 4%
8 Levins et al. (1986) TRB 1,200 -3 Karns, TN 3,993 4 5 G X X X
Levins and Karnitz (1987h) HRB 1,200 4 Karns, TH 3,993 4 5 G X X X
I R-30 Side-by-Side 4%
Levins and Karnitz (1987h) TRB 1,200 4 Karns, TN 3,993 4 5 G X X X
Legend: CDD = Cooling Degree Days, HDD = Heating Degree Days, HRB = Horizontal Radiant Barrier, TRB = Truss Radiant Barrier, DARB = Deck-Applied Radiant Barrier, DRB = Draped Radiant Barrier, IRCC = Interior Radiation Control Coating,
FV=Forced Ventilation, NV= Natural Ventilation, S =Soffit Vent, G = Gable Vent, R =Ridge Vent, P = Power Fan, ACH = Air Changes per Hour, AS = Aluminized Side, f/ = Facing, N/A = Not Applicable, (-) = Not Specified




Radiant Barrier Performance

Space Cooling and Space Heating Load
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Radiant Barrier Performance

Attic Temperature Reductions

EXPERIMENTAL RESULTS HIGHLIGHTING ATTIC AIR TEMPERATURE REDUCTIONS PRODUCED BY THE RADIANT BARRIERS DURING THE COOLING SEASON

Nominal Temperature Reductions (Deg F) . .
Insulation Testing . Climatic Ventilation Occupied
Season Reference Method City, 5t CcDD Comments Average
Level Protocol Summer Zone
F-Value -2 -4 -B 7-8 9-10 | 11-12 | 13-14 | 15-16 | 17-18 | 19-20| 21-22 (23-24 | 25-26 Vents FV [ NV N Y
Hall (1988a) 10 Chattanooga, TN 1,608 4 5 G X X
R-11 Side-by-Side TRB aF
Levins and Karnitz (1987a) Karns, TH 1,301 a4 s G X X
Parker and Sherwin (1998) Side-by-Side 20 Cocoa Beach, FL 3,300 2 5 R X X Vent area = 1:150
Parker and Sherwin (2002) Pre-and Post- 16 Orlando, FL 3,428 2 - - - - X
Parker and Sherwin (2002) Pre-and Post- — 15 Largo, FL 3,718 2 - - - - X 14F
m Levins and Karnitz (1986) 19 Side-by-Side 15 Karns, TN 1,301 4 5 G X X
C |Hail (1288a) Side-by-Side 10 Chatiancoga, TN | 1,608 4 s | x | x
—
— Parker and Sherwin (1998) Side-by-Side Cocoa Beach, FL 3,300 2 5 R X X Vent area = 1:300
O Hall (1986) Side-by-Side HeB Chattanooga, TN 1,608 4 5 G X X aF
O Levins and Karnitz (1986) Side-by-Side Karns, TH 1,301 4 5 G X X
Davis and Tiller (2009) Side-by-Side 23 Charlotte, NC 1,681 3 5 R X
Parker and Sherwin (2002) Pre-and Post- 22 Tarpon Springs, FL 3,414 2 - - - X
Parker and Sherwin (2002) Pre-and Post- 11 Apopka, FL 3,428 2 s P X X X
R-30 TRB 11F
Hall (1988a) Side-by-Side 10 Chattanooga, TN 1,608 4 5 G X X
Levins and Karnitz (1987a) Side-by-Side Karns, TH 1,301 a4 s G X X
Parker and Sherwin (2002) Pre-and Post- 3 Orlando, FL 3,428 2 P P X X

Legend: CDD = Cooling Degree Days, HDD = Heating Degree

Days, HRB = Horizontal Radiant Barrier, TRB = Truss Radiant Barrier, DARB = Deck-Applied Radiant Barrier, DRB = Draped Radiant Barrier, IRCC = Interior Radiation Control Coating, FV= Forced Ventilation,
NV= Natural Ventilation, § = Soffit Vent, G = Gable Vent, R = Ridge Vent, P = Power Fan, ACH = Air Changes per Hour, AS = Aluminized Side, f/ = Facing, N/A = Not Applicable, (-) = Not Specified




Radiant Barrier Performance

TABLE 6. SIMULATED RESULTS HIGHLIGHTING SPACE COOLING LOAD REDUCTIONS PRODUCED BY THE RADIANT BARRIERS

Season

Cooling

insulation Ceiling Cooling sz::g Space Load Reduction (%) Location (cDD) Ventilation I"c‘udesm.mm‘he Duct Inslation Duct Lekeage Rate | Mean
Reference Level Model Method Area Load Base w/RB Cooing tzone] Attic Level
R (m2K/W) (kWh)
(kWh) 15-19 | 20-24 30> Vents. NV Supply  Return
4,308 3576 17 Knoxville, TN {1,450) [4]
9,877 8734 12 Las Vegas, NV (3,168) [3]
DEG, 2000/EPRI, 1991 | R-11(1.94] [  AtticSim HRE 1540 | 13277 11,870 11 Miami, FL (2,893) [1] R X X N/A N/A N/A ;:::
2,140 1,817 15 Minneapolis, MN {639) [6]
1,055 791 25 Portland, OR (398) [4]
3,634 3,283 10 Knoxville, TN {1,450) [4]
8,968 8,441 Las Vegas, NV (3,168) [3]
DEG, 2000/EPRI, 1991 | R-19(3.35) |  AtticSim HRE 1540 | 12515 11,928 Miami, FL (2,893 [1] R X X N/A N/A N/A le
1,934 1758 Minnezpolis, MM (599) [6]
879 762 13 Portland, OR (398) [4]
3,400 3,165 Knoxville, TN [1,450) [4]
8,529 8,206 Las Vegas, NV (3,168) [3]
DEG, 2000/EPRI, 1991 | R-30 (5.28) AtticSim HRB. 1,540 12,104 11,694 Miami, FL {2,893) [1] R X x N/A N/A N/A :::]
1,817 1,700 Minnezpolis, MM (599) [6]
733 674 Portland, OR (398) [4]
5,627 4543 19 Knoxville, TN [1,450) [4]
12,778 11,020 14 Las Vegas, NV (3,168) [3]
DEG, 2000 R-11(194) | Micropas CE] 1540 | 15328 13,277 13 Miami, FL (2,893) [1] - X X N/A NfA NJA lizl
- - Minnezpolis, MM (599) [6]
1,172 762 35 Portland, OR (398) [4]
5,012 4,308 14 Knoxville, TN [1,450) [4]
11,694 10,610 Las Vegas, NV (3,168) [3]
DEG, 2000 R-19(3.35) | Micropas CE] 1540 | 14185 12,396 Miami, FL (2,893) [1] - X X N/A NfA NJA :E:J
2,227 1876 16 Minnezpolis, MM (599) [6]
938 703 25 Portland, OR (398) [4]
4572 4132 10 Knoxville, TN [1,450] [4]
10,903 10,229 Las Vegas, NV (3,168) [3]
DEG, 2000 R-30(5.28) | Micropas CE] 1540 | 13365 12544 Miami, FL (2,893) [1] - X X N/A NfA NJA :::]
2,022 1,817 10 Minneapolis, MN (599) [6]
- - Portland, OR (398) [4]
6,444 5,108 21 Knoxville, TN (1,450) [4]
14,561 12,423 15 Las Vegas, NV (3,168) [3] “normal” | *normal”
DEG, 2000 R-11(194) | Micropas CE] 1540 | 17330 14,305 15 Miami, FL (2,893) [1] - X X - (180 CFM | (180 CFM :i:::
- - Minneapolis, MN (599) [6] persq. ft]| persq. ft)
1,356 854 36 Portland, OR (398) [4]
5,740 4,875 15 Knoxville, TN {1,450) [4]
13,709 12,268 11 Las Vegas, NV (3,168) [3] “normal” | *normal”
DEG, 2000 R-19(3.35) | Micropas RS 1540 | 16034 14,373 10 Miami, FL (2,893) [1] - X X - (180 CFM | (180 CFM :i:::
2,552 2,130 17 Minneapolis, MN (639) [6] persq. ft] | per sq. ft)
1,087 789 27 Portland, OR (398) [4]
5,242 4673 11 Knoxville, TN {1,450) [4]
12,804 11,856 Las Vegas, NV (3,168) [3] "normal" | "normal” 9%
DEG, 2000 R-30(5.28) | Micropas RS 1540 | 15108 14,001 Miami, FL (2,893) [1] - X X - (180CFM | [180CFM | oo
2,318 2,039 12 Minneapolis, MN (639) [6] persq. ft] | per sq. ft)
Portland, OR [398) [4]

Legend: (-) = Not Specified, FV= Forced Ventilation, NV= Natural Ventilation, § = Soffit Vent, G = Gable Vent, R = Ridge Vent, P = Power Fan




Radiant Barrier Performance

TABLE 6 (CONTINUED) SIMULATED RESULTS HIGHLIGHTING SPACE COOLING LOAD REDUCTIONS PRODUCED BY THE RADIANT BARRIERS

Season

Cooling

Insulation caiing | Co0nE C:i'zg Space Load Reduction (%) Location (con) Ventilation Incudes Ductsin the | Ductnsulation | e | drean
Reference Level Model Method | " F | Load Base w/RB Cooing [Zone] Attic Level (Median)
R (m2K/W) (kWh)
(kawh) 2 10-14 20-24 | 25-29 30> Vents. Supply  Return
5,357 5,395 9 Red
5,647 5,198 8 Houston Re6
Kim and Haber! (2007) | R-19 (3.35) EsL RE 1,100 5,505 5,103 7 3,440 - X R-8 10% 10% S:J
5,423 5,048 7 [2] R-10
5,370 5,012 7 R12
5,315 5,054 5 R4
5212 4,963 5 Houston i
Kim and Haber! (2007) | R-19(3.35) | EnergyGauge | TRB 1,100 5154 4913 5 3,440 R X RE 10% 10% KE:J
5,117 4,881 5 [2] R-10
5,001 4,858 5 R-12
5,350 4924 8 Houston 5%
Kim and Haber| (2007) | R-19 (3.35) EsL CE] 1,100 5,980 5503 8 3,440 - X rE 15% 10% IS:J
6,353 5,847 B [2] 20%
4871 4634 Houston 5%
Kim and Haber| (2007) | R-19(3.35) | EnergyGauge | TRS 1,100 5,602 5341 3,440 [ X re 15% 10% (::J
5,039 5,766 [2] 20%
4,979 4,694 5 Houston 5%
Kim and Haber| (2007) | R-19 (3.35) EsL RCE] 1,100 6,593 5,855 11 3,440 - X 6 10% 15% l;;:l
8,141 6,761 17 [2] 20%
5,013 4811 4 Houston 5%
Kim and Haberl (2007) | R-19 (3.35) | EnergyGauge | TRB 1,100 5,399 5113 3,440 R X -6 10% 15% (::]
5,576 5,261 6 21 20%
R-10 [L.76) 5,300 5,343 9 Mot
Kim 2nd Haber| (2007) [ -0%) EsL TR 1,100 2728 2245 £ ;i;ﬂ - X R6 10% 10% 8%
R-25 (4.41) 5,568 5,152 7 21 8%)
7-30 (5.28) 5524 5,126 7
8-10 (1.76) 5,446 5119 coust
Kim and Haberl (2007) o 2O e peauge | TR 1,100 2291 2018 = ;fa;ﬂ - X R6 10% 10% %
R-25 [4.41) 5,115 4,900 4 o 5%]
R-30 (5.28) 5,057 4,860 4

Legend: (-) = Not Spe:

ified, FV= Forced Ventilation, NV= Natural Venti

ion, § = Soffit Vent, G = Gable Vent, R = Ridge Vent, P = Power Fan
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TABLE 7. SIMULATED RESULTS HIGHLIGHTING SPACE HEATING LOAD REDUCTIONS PRODUCED BY THE RADIANT BARRIERS
Insulation Ceiling | Hesting Hf‘:‘:g Space Load Reduction (%) Location (HDD) Ventilation Includes Ducts In the | Duct Insulation Duct Lekeage Rate | Mean
Season Reference Level Model Method |~ " |load Base w/RB provees {Zone] Attic Level
R (M2K/W) (MMBtu)
0 14 | 15-13 | 20-24 30 Vents NV Supply  Return
347 336 3 Knoxville, TN (3,685) [4]
203 191 6 Las Vegas, NV (2,278 [3]
DEG, 2000/EPRI, 1991 | R-11(1.94) |  AtticSim HRB. 1,540 2.0 18 10 Miami, FL (155) [1] s R x X /A N/A N/A l§:J
829 813 2 Minneapolis, MN (7882) [5]
45.4 440 3 Portland, OR (4366) [4]
298 283 2 Knoxville, TN (3,685) [4]
17.0 164 3 Las Vegas, NV (2,276) [3]
DEG, 2000/EPRI, 1991 | R-19(3.35) |  AtticSim HRB. 1,540 16 15 6 Miami, FL (155) [1] 5 R x X N/A N/A N/A l2:J
73.1 724 1 Minneapolis, MN (7882) [8]
39.3 38.6 2 Portland, OR (4366) [4]
27.4 271 1 Knoxville, TN {3,685) [4]
15.4 15.0 3 Las Vegas, NV (2,276) [3]
DEG, 2000/EPRI, 1991 | R-30(5.28) |  AtticSim HRB. 1,540 14 14 o Miami, FL (155) [1] s R x X /A /A /A li:J
679 676 04 Minneapolis, MN (7882) [5]
36.2 359 1 Portland, OR (4366) [4]
359 331 8 Knoxville, TN (3,685) [4]
179 16.0 1 Las Vegas, NV (2,278) [3]
DEG, 2000 R-11(1.94) [ Micropas TRB 1,540 23 19 17 Miami, FL (155) [1] - - x X /A N/A N/A I;xl
- - Minneapolis, MN (7882) [5]
445 406 9 Portland, OR (4366) [4]
UC'D 328 312 5 Knoxville, TN (3,685] [4]
— 16.0 143 8 Las Vegas, NV (2,276) [3]
4&; DEG, 2000 R-19(3.35) [ Micropas TRE 1,540 20 18 10 Miami, FL (155) [1] - - % X N/A /A /A IE:J
@ 753 729 4 Minneapolis, MN (7882) [6]
T 405 383 5 Portland, OR (4366) [4]
305 296 3 Knoxville, TN {3,685) [4]
146 139 B Las Vegas, NV (2,276) [3]
DEG, 2000 R-30(5.28) [ Micropas TRE 1,540 18 18 o Miami, FL (155) [1] - - x X N/A /A N/A l;::
713 696 2 Minneapolis, MN (7882) [5]
- - Portland, OR (4366) [4]
434 393 9 Knoxville, TN (3,685) [4]
215 188 12 Las Vegas, NV (2,276) [3] "normal” | "normal”
DEG, 2000 R-11(1.84] | Micropas TRB 1,540 27 22 16 Miami, FL (155) [1] - - X X - (180 CFM | (180 CFM ‘;i:]
- - Minneapolis, MN (7882) [5] persq. ft) | persaq.ft)
53.1 477 10 Portland, OR (4366) [4]
397 373 6 Knoxville, TN (3,685] [4]
192 179 7 Las Vegas, NV (2,276) [3] "normal” | "normal”
DEG, 2000 R-19(3.35) [ Micropas TRE 1,540 24 21 10 Miami, FL (155) [1] - - % X - (180 CFM | (180 CFM IZ:J
95.3 20.2 5 Minneapolis, MN (7882) [6] per sq. ft.) | per sq. ft)
45.4 452 7 Portland, OR (4366) [4]
37.0 356 4 Knoxville, TN {3,685) [4]
175 1656 5 Las Vegas, NV (2,276) [3] “normal” | "normal” |
DEG, 2000 R-30(5.28) [ Micropas TRE 1,540 22 2.0 B Miami, FL (155) [1] - - x X - (1s0CPm | (180CiM |
89.7 86.6 3 Minneapolis, MN (7882 [6] per sq. ft.) | per sq. ft.)
- - Portland, OR (4366) [4]
Legend: (-} = Not Specified, FV= Forced Ventilation, NV= Natural Ventilation, § = Soffit Vent, G = Gable Vent, R = Ridge Vent, P = Power Fan




Conclusions

On average, RBs reduce summer ceiling heat flows by approximately
23 to 45% depending on the insulation level. Winter ceiling heat
flow reductions are approximately 40% of the summer values for the
same insulation levels.

Space cooling loads are reduced by 6 to 20% and space heating load
reductions would be approximately 40% of the space cooling load
reductions for the same insulation levels. When the HVAC ducts
were placed in the attics, the reductions increased by about 2%
points.

DARBs and TRBs would reduce attic temperatures by an average of
13 °F, while RBs in the HRB configuration would reduce the attic
temperature by an average of 4 °F
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