VIRGINIA DEPARTMENT OF HOUSING AND COMMUNITY DEVELOPMENT
DIVISION OF BUILDING AND FIRE REGULATION

Code Change Form for the 2012 Code Change Cycle

Code Change Number:
Proponent Information (Check one): [ lindividual [ lGovernment Entity PX]Association
Name: Paul Wilson Abernathy Representing: National Electrical Manufacturers Association

Mailing Address: 1300 North 17t Street, Rosslyn, Virginia 22209

Email Address: Paul.Abernathy@nema.org Telephone Number: 703-825-5235

Proposal Information

Code(s) and Section(s): Virginia Construction Code, Part | - Section E3902.11

Proposed Change (including all relevant section numbers, if multiple sections):

Delete the entire amendment to Section E3902.11 as written in the 2009 Virginia Construction Code.

Supporting Statement (including intent, need, and impact of the proposal):

The intent of this proposal is to restore the requirements of section E3902.11 as it is stated in the 2009 International
Residential Code and 2012 International Residential Code. The need is reflective on the reduced safety due to an arc-
fault condition that could result in a fire, loss of life and loss of property. Detailed studies have been posted on
www.AFCISAFETY.ORG and recent notices posted by the Consumer Product Safety Commission are factual statistics
and results showing the importance of this technical advancement. The impact is minimal in terms of economic costs but
high on establishing a safer one and two family dwelling. The average cost of an AFCI Device is $ 42.00, subtract the $
6.00 for a standard circuit breaker and you are left with a cost of $36.00 per device. The average home will need between
8-10 AFCI Devices to comply with the code standards. The added cost to the consumer is $360.00, less than % of 1
percent of the cost of a typical $250,000.00 home. Virginia is well behind on removing this amendment as the vast
majority of states have adopted the full use of Arc Fault Circuit Interrupters without amendment.

Documentation, Studies and Fire Reports will be provided with this proposal for review and consideration

Submittal Information

Date Submitted: 11/25/2012

The proposal may be submitted by email as an attachment, by fax, by mail, or by hand delivery.
Please submit the proposal to:
DHCD DBFR SBCO (State Building Codes Office)

600 East Main Street Email Address: Vernon.hodge@dhcd.virginia.gov
Suite 300 Fax Number: (804) 371-7092
Richmond, VA 23219 Phone Numbers: (804) 371-7150
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National Fire Protection Association \
National Electrical Code®

Fact Sheet NFPA

Arc-Fault Circuit Interrupters

What are Arc-Fault Circuit Interrupters (AFCls)?

The 2008 National Electrical Code ® (NEC ®) requirement for AFCI protection considerably expands this
fire prevention technology to the majority of circuits installed in new and renovated homes. The type of
AFCI currently available commercially is a next-generation circuit breaker that not only provides the
conventional safety functions, but its advanced design also rapidly detects potentially dangerous arcs and
disconnects power in the circuit before a fire can start. Fire safety officials throughout the U.S. endorse
AFCls as a significant step forward in electrical fire safety.

Why should they be installed in homes?
AFCIs will save lives and make homes safer. According to the U.S. Fire Administration, each year home
electrical problems cause about 70,000 fires, resulting in 485 deaths and $868 million in property loss.

Why mandate AFCIs for newer homes when statistics show the majority of problems have occurred
in older homes?

Fire safety officials recommend the use of AFCls in all dwellings. While it is true that fire statistics in
many cases are derived from older dwellings, damage to appliance cords or to wires hidden in a wall can
occur regardless of the home’s age. In addition, incorrectly performed electrical installations can occur in
both new and old homes. As technology evolves and the NEC is revised, the enhanced level of safety is
typically required only in new construction that is subject to the latest adopted edition. Homes wired per the
2008 NEC will have the majority of their circuits protect by AFCls for the life of the electrical system.

How do you know AFCIs will prevent fires and save lives?

Since 1999, AFClIs have been thoroughly field-tested. Underwriters Laboratories, the National Association
of State Fire Marshals (NASFM), the U.S. Consumer Product Safety Commission, and many other experts
have found AFCls to be reliable and effective. By eliminating a significant source of electrically related
fires, future statistics will demonstrate a reduction in fires of electrical origin.

Are AFCIs expensive?

The cost of the enhanced protection is directly related to the size of the dwelling and the number of circuits
installed. Current retail prices of AFCI-type circuit breakers at several national building supply chains are
in the range of $35 to $40 per unit. Even for larger homes with more circuits, the cost increase is
insignificant compared to the total cost of the home, particularly when the increased level of safety is
factored.

Do AFCls interfere with smoke alarms and appliances, and trip unnecessarily?

AFClIs do not interfere with power supply reliability. These state-of-the-art devices identify problems that
current circuit breakers are not designed to protect against, which can result in what appears to be an
unexplained circuit breaker trip. By actually identifying these problems, residents are safer.

What is the NEC?

The NEC is the National Electrical Code. The NEC’s mission is to provide practical safeguards from the
hazards that arise from using electricity. It is the most widely adopted safety code in the United States and
the world, and it is the benchmark for safe electrical installations. The NEC is an evolving document,

developed through an open consensus process. A new edition is issued every three years.

For more information, visit www.nfpa.org.
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Tamper-Resistant Electrical Receptacles

What are tamper-resistant electrical receptacles and what is the new requirement?

The 2008 National Electrical Code ® (NEC ®) will require new and renovated dwellings to have tamper-
resistant (TR) receptacles. These receptacles have spring-loaded shutters that close off the contact
openings, or slots, of the receptacles. When a plug is inserted into the receptacle, both springs are
compressed and the shutters then open, allowing for the metal prongs to make contact to create an electrical
circuit. Because both springs must be compressed at the same time, the shutters do not open when a child
attempts to insert an object into only one contact opening, and there is no contact with electricity. Tamper-
resistant receptacles are an important next step to making the home a safer place for children.

Why require tamper-resistant electrical receptacles?
Each year, approximately 2,400 children suffer severe shock and burns when they stick items into the slots
of electrical receptacles. It is estimated that there are six to 12 child fatalities a year related to this.

If homeowners do not have children, are TR receptacles required?

Yes. Owners or tenants of homes and apartments change frequently. In addition, exposure to electrical
shock and burn accidents are not limited to a child’s own home. Children visit homes of relatives and
friends who don't have children of their own. This requirement ensures all new homes and apartments are
safe for children, whether the home is their own or they are there on a temporary basis.

Do TR receptacles require greater insertion strength than standard receptacles?
TR receptacles require comparable force to other receptacles. The insertion force may vary depending on
the newness of the device to the shape or style of the plug being inserted.

Are TR receptacles costly?

No. The projected cost of a TR receptacle adds about $0.50 to the cost of an unprotected receptacle. Based
on current statistics, the average home has about 75 receptacles resulting in an overall added cost of under
$40. This amount may vary slightly based on the type and style of TR receptacle used. This minimal
increase in cost buys a significant increase in electrical safety for children.

Shouldn’t people accept responsibility for their children and teach their children not to stick items in
receptacles?

Accidents involving children and receptacles cannot be blamed entirely on poor parenting. They involve
people who look away for a moment, only to face undue tragedy and pain as the result of a child's curiosity.
The NEC’s mission is to provide electrical safety in the home. TR receptacles are a simple and easy way to
protect children from serious injuries that continue to happen every year.

Why are TR receptacles preferred over products such as receptacles with caps or with sliding
receptacle covers?

Receptacle caps may be lost and also may be a choking hazard for some ages. Children can learn to defeat
sliding receptacle covers when they watch their parents. TR receptacles provide security against the
insertion of objects other than cord plugs into the energized parts.

What is the NEC?

The NEC is the National Electrical Code. The NEC’s mission is to provide practical safeguards from the
hazards that arise from using electricity. It is the most widely adopted safety code in the United States and
the world, and it is the benchmark for safe electrical installations. The NEC is an evolving document,

developed through an open consensus process. A new edition is issued every three years.

For more information, visit www.nfpa.org.
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U.S. Consumer Product Safety Commission

Office of Communications Washington, D.C.
FOR IMMEDIATE RELEASE Firm's Recall Hotline: (888) 213-5758
November 15, 2012 CPSC Recall Hotline: (800) 638-2772
Release #13-039 CPSC Media Contact: (301) 504-7908

Ceiling-Mounted Light Fixtures Recalled by Dolan
Northwest Due to Fire and Shock Hazards

WASHINGTON, D.C. - The U.S. Consumer Product Safety Commission, in cooperation with the firm named
below, today announced a voluntary recall of the following consumer product. Consumers should stop using
recalled products immediately unless otherwise instructed. It is illegal to resell or attempt to resell a recalled
consumer product.

Name of Product: Ceiling-Mounted Light Fixture
Units: About 8,000

Importer: Dolan Northwest LLC, of Seattle d/b/a Seattle Lighting, Globe Lighting, Builders Lighting and
Destination Lighting

Manufacturer: Dongguan Young Long Electric Co. Ltd.

Hazard: The fixture's socket wire insulation can degrade, leading to charged wires becoming exposed, causing
electricity to pass to the metal canopy of the fixture. This poses a fire and electric shock hazard to consumers.

Incidents/Injuries: The firm has received two reports of defective fixtures which resulted in the home's Arc Fault
Circuit Interrupter (AFCI) tripping. No injuries have been reported to the firm.

Description: This recall involves round ceiling-mounted light fixtures, satin nickel or bronze in color with a domed
alabaster glass shade. The light fixture is 14 inches in diameter and 5.5 inches high and has two sockets marked
“BO AN’ that take 75 watt bulbs. The light fixtures were sold as Design Classics Model 562-09 and 562-30. The
brand name and model number are on the inside of the fixture pan.

Sold at: Builders Lighting, Globe Lighting, Seattle Lighting and online at DestinationLighting.com from September
2008 through September 2009 for about $32.

Manufactured in: China

Remedy: Consumers should immediately stop using the recalled light fixtures and return them to the place of
purchase to obtain a free replacement fixture and a $50 voucher, or contact the firm to schedule a free home
repair.

Consumer Contact: Dolan Northwest LLC; toll-free at (888) 213-5758, from 9 a.m. to 5 p.m. PT Monday through
Friday; or e-mail flushmountrecall@seattlelighting.com, flushmountrecall@globelighting.com,
flushmountrecall@builderslighting.com, or flushmountrecall@destinationlighting.com; or online at

http://www.cpsc.gov/cpscpub/prerel/prhtml13/13039.html 11/26/2012
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www.seattlelighting.com, www.globelighting.com, www.builderslighting.com, or www.destinationlighting.com

Design Classic Model 562-09 Design Classic Model 562-30

The U.S. Consumer Product Safety Commission (CPSC) is still interested in receiving incident
or injury reports that are either directly related to this product recall or involve a different
hazard with the same product. Please tell us about your experience with the product on
SaferProducts.gov

CPSC is charged with protecting the public from unreasonable risks of injury or death associated with the use of
the thousands of consumer products under the agency's jurisdiction. Deaths, injuries, and property damage from
consumer product incidents cost the nation more than $900 billion annually. CPSC is committed to protecting
consumers and families from products that pose a fire, electrical, chemical, or mechanical hazard. CPSC's work
to ensure the safety of consumer products - such as toys, cribs, power tools, cigarette lighters, and household
chemicals - contributed to a decline in the rate of deaths and injuries associated with consumer products over the
past 30 years.

Under federal law, it is illegal to attempt to sell or resell this or any other recalled product.

To report a dangerous product or a product-related injury, go online to: SaferProducts.gov, call CPSC's Hotline at
(800) 638-2772 or teletypewriter at (301) 595-7054 for the hearing and speech impaired. Consumers can obtain
this news release and product safety information at www.cpsc.gov. To join a free e-mail subscription list, please
go to www.cpsc.gov/cpsclist.aspx.

Connect with us! ¥ Twitter M Flickr

http://www.cpsc.gov/cpscpub/prerel/prhtml13/13039.html 11/26/2012
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NASFM Science Advisory Committee Recommendations
Regarding Arc-Fault Circuit Interrupters
to Prevent Fires Originating in Electrical Wiring

The Board of Directors of the National Association of State Fire Marshals (NASFM) has asked
the NASFM Science Advisory Committee (SAC) to assist in offering guidance on the use of arc-
fault circuit interrupters (AFCISs) in residential housing. This guidance, in part, is derived from
the NASFM Consumer Product Safety Task Force Report on AFCIs issued August 1, 2002.

Function and Purpose of AFCls: While conventional circuit breakers only respond to
overloads and short circuits AFClIs continuously monitor the electrical current in a circuit,
recognizing unique current and/or voltage signatures associated with arcing faults, and de-
energizing the current when unintended arcing conditions occur. Once an unwanted arcing
condition is detected, the control circuitry trips the internal contacts, thus de-energizing the
circuit and reducing the potential for a fire to occur.

Typical conditions where arc faults may occur include damaged wires by carelessly nailed
walled studs, damaged or misapplied equipment, and overheating from excessive current flow.
Other common causes for arcing include:

Cracked insulation on wire or cords from age, heat, chemical erosion or bending stress.

e Loose or improper connections, such as electrical wires to outlets and switches.

e Frayed or ruptured extension or appliance cords.

e Moisture or contaminants between conductors of different voltage.

e Electrical wire insulation chewed by rodents.

The most serious of these conditions (in terms of arc-fault related fire risk) occurs behind walls
and under floors. By mitigating the unwanted effects of arcing, AFCIs reduce the risk of
electrical fires, thereby safeguarding persons and property.

Installation: As of 2002, the installation of AFCIs is required by the National Electrical

Code ® (NEC) in new construction of branch circuits providing power to outlets in dwelling unit
bedrooms. AFCIs can also be easily retrofitted into existing structures. The NEC requirement



addresses the new home market, but the biggest potential for home electrical wiring system
failures is in existing homes. The quality and safety of electrical wire systems deteriorates over
time. As the home building stock increases in age, there is increased likelihood of home
electrical wire systems failing, which creates a life safety issue. Whether new home or older
home, installation should be performed by a licensed electrician or capable experienced
individual.

Impact: Studies by both the National Fire Protection Association (NFPA) and U.S.
Consumer Product Safety Commission (CPSC) underscore the significant impact of the use of
AFCls on the frequency of damage, injury, and deaths caused by residential electrical fires. Data
from the National Fire Incident Reporting System (NFIRS) and the NFPA indicate that electrical
arcing was the cause of approximately 48,800 fires annually in one and two family dwellings
between 1994-1998. The use of AFClIs in residences may significantly decrease the frequency of
such fires.

Additionally, the US Consumer Product Safety Commission technical staff, after conducting a
great deal of independent research on AFCls, estimates that 50-75% of residential electrical fires
can be prevented by employing AFCI technology. *That means that of the 73,500 electrical fires
annually, AFClIs could potentially prevent 55,125 fires and save more than 440 lives, 1,685
injuries, and $785,925,000 in property damage, when AFCIs work their way into electrical codes
for installation throughout the house.

Standards and Testing: AFCIs have undergone rigorous testing by UL and CPSC and

have been in production since 1997, and readily available in stores since 2001. AFCIs are tested
to decrease the risk of fire from various types of arcing in accordance with the UL Safety
Standard. The UL 1699 Standard addresses several types of AFCIs, each intended for different
applications and/or protection of the branch circuit and extension wiring. The performance
requirements for these devices include the arc-fault detection tests as described in Section 56 of
that standard. All manufacturers’ AFCI breaker devices pass all of the tests required for
branch/feeder AFCIs.

Some critics refer to a UL study for the CPSC, which involved research on five different
technologies designed to detect and monitor conditions that could lead to residential electrical
wiring fires. One of those technologies was AFCIs. However, not all of the 14 experimental
tests described in the CPSC’s report were intended for AFCI technology.?

Cost: Once criticized for their high cost (originally in excess of $125 per unit), AFCIs have
recently become more affordable due to increased production. The added first cost to install
AFCI circuit breakers in a new home is approximately $100. This cost estimate is based on
replacing two conventional circuit breakers with an AFCI circuit breaker. While the code
requirement is to apply the AFCI to only the bedroom circuits, consideration should be made to
include AFCI protection to other circuits as well.

! King, William H., Jr., Chief Engineer for Electrical and Fire Safety, Division of Electrical Engineering, US
Consumer Product Safety Commission, in discussion with the NASFM Science Advisory Committee, July 14, 2002.
2 Dini, David, “Arc Fault Circuit Interrupters,” IAEl News, September/October 2001.



The SAC agrees that the AFCI technology is sound and should seek continuing and expanded
usage in residences, AFCIs can also be applied on a voluntary basis to other high risk
applications such as: historic or older buildings, public housing, military installations, assisted
living facilities, child care centers, schools, churches, dormitories, etc.

In determining this opinion, the SAC noted that AFCI technology:

e Increases early detection and prevention of arc-faults, reducing property losses, injuries,
and loss of life;

e Issimple and affordable to install in new and pre-existing electrical distribution systems;

e Continues to undergo rigorous testing by public and private standards and testing
laboratories;

e Is based upon recognized and thoroughly developed scientific methodologies.

Links to Background on NASFM report on AFCI technology, use, and authoritative
testing.

http://www.firemarshals.org/issues/home/electrical fires.html




Residential Structure Fire Causes Created by: Dwight Crews (VA)

Report Parameters:

Report Period: From 01/01/2011 to 12/31/2011
State: VA Version: All Status: All Released: All

Report Filters:

NOTE: Report Filter Groups are applied to the report SQL as "AND" conditions (i.e. Group 1 AND Group2 and Group 3 etc...)

Report FDIDs*: All

*Data from deactivated fire depts within the list was not included in the report.
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Residential Structure Fire Causes

State: VA Report Period: From 01/01/2011 to 12/31/2011
CODE Category FREQ | FREQ | CV | CV | CV | CV | FF | FF | FF | FF | PROPLOSS | PROP | CONT LOSS | CONT |[TOTAL LOSS| TOT
% | DTHS | DTHS | INJS | INJS |DTHS | DTHS | INJS | INJS LOSS LOSS LOSS
% % % % % % %

01 | Incendiary, Suspicious | 418 | 540%| 3 750%| 37 | 971%| 0 | 0.00%| 20 |13.99%| 9677597 | 9.65%| 2,468,037 | 7.89%| 12145634 | 9.23%
02 Children Playing 26 034% 0 | 000%| 4 | 105% o0 | 000w ©0 | 000% 785261 | 0.78%| 142240 | 045%| 927,501 | 0.70%
03 Smoking 156 | 202%| 2 500%| 9 | 236% 0 | 000% 5 | 350% 1693250 | 1.69% 470,660 | 1.50%| 2163910 | 1.64%
04 Heating 1123 | 1451%| 0 | 000%| 20 | 525% o0 | 000%| 10 | 6.99% 2550696 | 254%| 850945 | 2.72%| 3.401,641 | 2.58%
05 Cooking 2622 | 3387% 1 250%| 128 |33.60% O | 0.00%| 13 | 9.09%| 4594929 | 458%| 1,954,612 | 6.25%| 6549541 | 4.98%
06 | Electrical Distribution | 103 | 1.33%| 0 | 000% 7 | 1.84%| 0 | 000% 7 | 490%| 1904147 | 1.90%| 528272 | 1.69%| 2432419 | 1.85%
07 Appliances, AC 204 | 264% 0 | 000% 22 | 577%| 0 | 000% 5 | 350%| 3635552 | 3.62%| 1,103,254 | 3.53%| 4738806 | 3.60%
08 | OpenFlame, Ember, | 345 | 4.46%| 1 250%| 18 | 472%| 0 | 000% 8 | 559%| 8532508 | 8.51% 1985827 | 6.35%| 10,518335 | 7.99%
09 | OtherHeat, Flame, | 242 | 313%| 5 | 1250%| 13 | 341%| ©0 | 000% 4 | 280%| 3555117 | 3.54%| 812,383 | 2.60%| 4,367,500 | 3.32%
10 Other Equipment 51 066% 0 | 000%| 7 | 184% o0 | 000%| 3 | 210% 813002 | 081%| 282201 | 0.90%| 1095203 | 0.83%
11 Natural 153 | 198% 0 | 000%| 3 | 079% o0 | 000%| 3 | 210% 4408871 | 439% 2372311 | 7.58%| 6,781,182 | 5.15%
12 Exposure 95 123% 1 250%| 6 | 157%| 0 | 000% 2 | 1.40%| 6634836 | 6.61% 1888537 | 6.04%| 8523373 | 6.48%
13 Unknown 2203 | 28.46%| 27 | 67.50%| 107 |28.08% O | 0.00%| 63 |44.06%| 51,533,116 |51.37%| 16,418,884 |52.499%| 67,952,000 | 51.64 %
Totals: | 7,741 | 10000% 40 |10000%| 381 | ‘%% o | 0o00%| 143 [°0%°%| 100318882 | 0| 31278163 [°%0%| 131507045 10000

Page 2 of 2 NFIRS 5.0 National Reporting System Thu Mar 08 08:40:10 EST 2012
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Residential Structure Fire Causes

Report Parameters:
Report Period: 1/1/09 - 12/31/09 Version: Both Status: All Released: All

Report Filters: No Filters Applied

NOTE: Report Filter Groups are applied to the report SQL as "AND" conditions (i.e. Group 1 AND Group 2 AND Group 3 etc...)
State: VA

Report FDIDs: All

Page 1 of 2 NFIRS 5.0 National Reporting 3/5/10 7:33:34 AM



Residential Structure Fire Causes

State: VA Report Period: 1/1/09 - 12/31/09
CODE CATEGORY FREQ |FREQ %| CIV Clv Clv Clv FF FF DTH FF FF PROP LOSS | PROP CONT LOSS CONT | TOTAL LOSS TOT
DTHS|DTHS % | INJS | INJS % | DTHS % INJS | INJS % LOSS % LOSS % LOSS %
01 Incendiary, Suspicious 350, 4.33% 11| 20.37% 17| 5.65% 0| 0.00% 21| 18.26% 11,169,471 8.48% 3,729,396 9.51% 14,898,867 8.72%
02 Children Playing 22| 0.27% 0| 0.00% 3|  1.00% 0| 0.00% 1| 0.87% 571,950, 0.43% 140,866| 0.36% 712,816 0.42%
03 Smoking 143 1.77% 4 7.41% 14| 4.65% 0| 0.00% 3| 2.61% 4,781,422 3.63% 1,515,053| 3.86% 6,296,475  3.68%
04 Heating 1,279| 15.81% 3| 5.56% 17| 5.65% 0| 0.00% 4| 3.48% 3,081,466 2.34% 748,471 1.91% 3,829,937 2.24%
05 Cooking 2,672 33.04% 3| 5.56% 81| 26.91% 0| 0.00% 2| 1.74% 4,300,675 3.26% 1,446,538 3.69% 5,747,213  3.36%
06 Electrical Distribution 112| 1.38% 0 0.00% 5| 1.66% 0| 0.00% 9| 7.83% 3,864,186 2.93% 1,277,879  3.26% 5,142,065 3.01%
Appliances, Air Conditioning
07 206| 2.55% 0| 0.00% 7 2.33% 0| 0.00% 4| 3.48% 2,222,927 1.69% 664,848 1.70% 2,887,775 1.69%
Open Flame, Ember, Torch
08 378 4.67% 2 3.70% 18| 5.98% 0| 0.00% 3| 2.61% 10,656,339| 8.09% 3,746,425  9.55% 14,402,764 8.43%
Other Heat, Flame, Spark
09 266 3.29% 2 3.70% 13| 4.32% 0| 0.00% 8| 6.96% 6,388,395 4.85% 1,803,760 4.60% 8,192,155  4.79%
10 Other Equipment 57| 0.70% 0| 0.00% 2| 0.66% 0| 0.00% 2| 1.74% 729,105 0.55% 568,647 1.45% 1,297,752| 0.76%
11 Natural 124 1.53% 0| 0.00% 1| 0.33% 0| 0.00% 3| 2.61% 2,861,025 2.17% 968,940 2.47% 3,829,965 2.24%
12 Exposure 269] 1.50% 2 3.70% 5|  1.66% 0| 0.00% 3| 2.61% 10,237,141 7.77% 2,969,111| 7.57% 13,206,252  7.73%
13 Unknown Cause 2,359 29.15% 27| 50.00%| 118| 39.20% 1(100.00% 52| 45.22% 70,872,018| 53.80% 19,629,353 50.06%) 90,501,371 52.94%
Totals 8,237| 100.00% 54( 100.00%| 301| 100.00% 1/100.00%| 115|100.00%| 131,736,120|100.00% 39,209,287| 100.00%| 170,945,407| 100.00%
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AFCI Basic Training Program
Page 1 of 3

Chart 1

155,000 Total Electrical Fires
451,000 Total Residential Fires from All Causes

40,000+

30,000

20,000+

10,000

Cooking Distribution Appliances Heating Cooling
Equipment Equipment Equipment

Source: 1994 Residential Fire Loss



AFCI Basic Training Program
Page 2 of 3

Chart 2

Electrical Distribution Equipment Fires
in U.S. Homes - 1994 CPSC Estimates

Equipment Civilian Civilian
Fixed wiring Fires Deaths Injuries
Cords and plugs 15,200 140 380
Light ﬁxtureps ° 6,400 a0 400
Switches, receptacles and outlets 5,300 40 140
Lamps and light bulbs 5,300 40 140
Fuses, circuit breakers and other 3,400 20 160

overcurrent protection devices 3,200 10 80
Meters or meter boxes
Transformers 900 — 10
Unknown or unclassified electrical 500 — 20
distribution equipment 2,700 30 110
Total 42,900 370 1,440

Sourcs: 1994 Residential Fire Loss
Estimates,



AFCI Basic Training Program
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Chart 3

Electrical Distribution
Equipment Fires in U.S. Homes

Category Number Percent
Service equipment
Branch circuit wiring g; ;j:f’
Receptacle outlets and switches 29 190/"
Cords and plugs 29 19.,;
Lighting fixtures and lamps 19 130/0
Transformers (improperly installed) y 10/0
0
Total 149

Source: “What Causes Wiring Fires in Residences?’ by Smith and McCoskrie

Data from 149 fire investigations in 16 cities, 1984 and 1985 Fire Journal. Jan/Feb
1990
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AR NEWS from CPSC ik A

U.S. Consumer Product Safety Commission

Office of Communications Washington, D.C.
FOR IMMEDIATE RELEASE Firm's Recall Hotline: (800) 764-0756
June 19, 2012 CPSC Recall Hotline: (800) 638-2772
Release #12-197 CPSC Media Contact: (301) 504-7908

Ceiling Mounted Light Fixtures Recalled by Thomas Lighting
Due to Fire and Shock Hazards

WASHINGTON, D.C. - The U.S. Consumer Product Safety Commission, in cooperation with the firm named below, today
announced a voluntary recall of the following consumer product. Consumers should stop using recalled products
immediately unless otherwise instructed. It is illegal to resell or attempt to resell a recalled consumer product.

Name of product: Thomas Lighting ceiling flush mount light fixtures
Units: About 83,750
Manufacturer: Thomas Lighting, of Elgin, lll; part of Philips Consumer Luminaires Corporation, of Elgin, III.

Hazard: The fixture's socket wire insulation can degrade, leading to charged wires becoming exposed, causing electricity
to pass to the metal canopy of the fixture. This poses a fire and electric shock hazard to consumers.

Incidents/Injuries: Thomas Lighting has received 11 reports of defective fixtures which resulted in the home's Arc Fault
Circuit Interrupter (AFCI) tripping. No injuries have been reported to the firm.

Description: This recall involves 28 different models of ceiling flush-mounted light fixtures manufactured between June
1, 2010 through November 25, 2010 with a diameter ranging from 7.5" to 13". All affected fixtures have a round base or
canopy affixed to the ceiling and a dome- or cylindrical-shaped cover. The recalled fixtures have a variety of finishes
including metal and/or clear or frosted glass and contain one, two or three light bulbs. Canopies are a range of colors
including white, bronze, brass (gold) and nickel. Most models have a nib in the center of the dome cover in the same
color as the canopy. Although the manufacturer's name, the fixture model number and production date can be found on a
printed label on the ceiling-side of the fixture's metal canopy, consumers are advised not to remove the metal canopy
from the ceiling in order to access this label.

Sold at: Electrical distributors and lighting wholesalers nationwide from July 2010 through July 2011 for between $19
and $50 as Thomas Lighting products.

Manufactured in: China

Remedy: Consumers should immediately stop using the light fixture, avoid direct contact with the fixture and contact
Thomas Lighting to arrange for a free in-home repair of the fixtures by a qualified electrician.

Consumer Contact: For additional information, contact Thomas Lighting at (800) 764-0756 between 9 a.m. and 5 p.m.
ET Monday through Friday, or visit the firm's website at www.thomaslighting.com

SL325-8: White SL8691-78: Brushed Nickel SL8771-63: Painted Bronze

e e e ‘
-
- - - -._\
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Representative photos of the main affected products:

Model number SL326-8

http://www.cpsc.gov/cpscpub/prerel/prhtml12/12197 html
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Model number SL8691-78 (11" 1-light),
or SL8692-78 (13" 2-light),
or SL8693-78 (15-1/2" 3-light)

The U.S. Consumer Product Safety Commission (CPSC) is still interested in receiving incident or
injury reports that are either directly related to this product recall or involve a different hazard with the
same product. Please tell us about your experience with the product on SaferProducts.gov

CPSC is charged with protecting the public from unreasonable risks of injury or death associated with the use of the
thousands of consumer products under the agency's jurisdiction. Deaths, injuries, and property damage from consumer
product incidents cost the nation more than $900 billion annually. CPSC is committed to protecting consumers and
families from products that pose a fire, electrical, chemical, or mechanical hazard. CPSC's work to ensure the safety of
consumer products - such as toys, cribs, power tools, cigarette lighters, and household chemicals - contributed to a
decline in the rate of deaths and injuries associated with consumer products over the past 30 years.

Under federal law, it is illegal to attempt to sell or resell this or any other recalled product.

To report a dangerous product or a product-related injury, go online to: SaferProducts.gov, call CPSC's Hotline at (800)
638-2772 or teletypewriter at (301) 595-7054 for the hearing and speech impaired. Consumers can obtain this news
release and product safety information at www.cpsc.gov. To join a free e-mail subscription list, please go to
www.cpsc.gov/cpsclist.aspx.

http://www.cpsc.gov/cpscpub/prerel/prhtml12/12197 html 11/26/2012
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Product Bulletin for
AFCI Receptacles

Introducing the
SmartlockPro®

Outlet Branch Circult
AFCl Receptacle

Advanced technology helps protect against
electrical fires resulting from arc-faults.

The U.S. Fire Administration (USFA) National Fire Incident
Reporting System estimates that between 2006 and 2010
there were an average of approximately 28,000 electrical
residential building fires, causing nearly 300 deaths per year as
well as average property damage of almost $1 billion annually.
According to the National Fire Protection Association (NFPA),
arc-faults are “the principle electrical failure mode resulting

in fire”

Arc Fault Circuit Interrupters (AFCI) were developed to help
combat the problems associated with arc-faults. AFCl's are
devices designed to detect a wide range of arc-faults to
help reduce the likelihood of the electrical system being an
ignition source of a fire. They function by de-energizing the
circuit downstream of the device upon which an arc-fault is
detected; ideally preventing ignition and a resultant fire.
AFCls are now required by the National Electrical Code in
many areas throughout the home.

Whole house electrical safety is a tall order, but with the new
SmartlockPro Outlet Branch Circuit (OBC) AFCI Receptacle
Leviton has developed a device to offer added protection from
arc-faults. Often unseen, arc-faults can occur anywhere in the
home’s electrical system including within walls, at loose
electrical connections or within electrical cords accidently
damaged by impinging furniture. Leviton OBC AFCI Receptacles
are designed to identify arc-faults and respond by interrupting
power to help prevent arc-faults that may lead to a fire.

To date, the only available option for providing the required
AFCI protection against electrical fire hazards was through
the use of AFCI breakers. And, even though there were some
exceptions to the Code that would allow for the use of an
AFCl receptacle with prescribed wiring techniques, there
were no AFCl receptacles available on the market. That has
recently changed.

Leviton’s OBC AFCI Receptacle addresses the dangers
associated with both types of potentially hazardous arcing

- parallel and series arcing. Similar to GFCls, AFCl receptacles
provide feed-through protection and are able to detect
downstream arc-faults, both parallel and series, as well as
upstream series arc-faults. Utilizing an AFCl receptacle offers
homeowners the benefit of localized TEST and RESET, providing
a convenient alternative to AFCI breakers.




National Electrical Code

The 2011 National Electrical Code® (NEC) (210.12)
addresses the use of AFCls in residences:

“Dwelling Units. (A) Where required. All 15A or 20A,
120V branch circuits in dwelling units supplying outlets
in family rooms, dining rooms, living rooms, parlors,
libraries, dens, bedrooms, sunrooms, recreation rooms,
closets, hallways, or similar rooms or areas must be pro-
tected by a listed AFCI device of the combination type.

Exception 1: AFCI protection can be of the branch-
circuit type located at the first outlet if the circuit
conductors are installed in RMC, IMC, EMT or Type
MC or steel armored Type AC cable meeting require-
ments of 250.118, and the AFCI device is contained
in a metal outlet or junction box.

Exception 2: Where a listed metal or nonmetallic
conduit or tubing is encased in not less than 2 in.
of concrete for the portion of the branch circuit
between the branch-circuit overcurrent device and
the first outlet, an outlet branch-circuit AFCI at the
first outlet is permitted to provide protection for
the remaining portion of the branch circuit.

(B) Branch-Circuit Extensions or Modifications - Dwelling
Units. Where branch-circuit wiring is modified, replaced,
or extended in any of the areas specified in 210.12(A),
the branch circuit must be protected by:

(1) A listed combination AFCI located at the origin
of the branch circuit; or

(2) A listed outlet branch circuit AFCI located
at the first receptacle outlet of the existing
branch circuit.”

Dimensional Drawings
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In accordance with the cited exceptions, Leviton’s
SmartlockPro OBC AFCI Receptacles can be used to
meet the requirements of the Code.

Leviton’s SmartlockPro OBC AFCl receptacle can also
be used to meet the NEC requirements for replacement
receptacles that take effect in 2014.

NEC 406.4(D) states, “Arc-Fault Circuit-Interrupter
Protection. Effective January 1, 2014, where a
receptacle outlet is supplied by a branch circuit
that requires arc-fault circuit interrupter protection
[210.12(A)], a replacement receptacle at this outlet
must be one of the following:

(1) Alisted outlet branch circuit type arc-fault circuit
interrupter receptacle

(2) A receptacle protected by a listed outlet branch
circuit type arc-fault circuit interrupter type receptacle

(3) A receptacle protected by a listed combination type
arc-fault circuit interrupter type circuit breaker.”

Meeting all of the requirements for an outlet branch-
circuit type AFCI, Leviton’s new OBC AFCI Receptacle
provides protection to both branch circuit wiring as
well as extensions to branches such as appliances
and cord sets.
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Features and Benefits

General

- Use of TEST and RESET buttons is similar to traditional
GFCl receptacles of which consumers have become
familiar with. This translates into greater acceptance
of the technology and a more user-friendly platform

- Meets or exceeds UL requirements for tripping time
on both series and parallel arcs

- Device design reduces nuisance tripping
- Impact-resistant thermoplastic cover and body
- Superior resistance to electrical surges and over-voltages

- Expanded wiring options with nine back-wire holes
(two for each line and load connection plus one for ground
with an internal clamp)

- Silver alloy contacts

- Compatible with all Decora® devices and wallplates;
available in select colors

- Packed with coordinating wallplate
- Backed by Leviton’s Limited Two-Year Warranty

Tamper-Resistant
- TR symbol indicates the device’s compliance with the

latest NEC® requirements for tamper-resistant receptacles

in residences and childcare facilities

Ordering Information:

Lockout Action

- Automatically tests the AFCl every time the RESET
button is depressed; the AFCI will not reset if the AFCI
circuit is not functioning properly

- By blocking reset of the AFCI if protection has been
compromised, the SmartlockPro OBC AFCl reduces the
possibility of end-users incorrectly assuming that a reset
AFCl is providing protection when its functionality has
been compromised

- A line-load reversal diagnostic feature is provided which
prevents the AFCI from being reset and stops power from
being fed to the AFCI receptacle face or through to down-
stream devices; a green LED indicator on the AFCI's face
also illuminates to alert the installer to a line-load wiring
reversal when the device is in the tripped state

- The trip latching mechanism in the SmartlockPro OBC
AFClis a one-piece “T” design for efficient operation

- There are 4 sets of contacts for load terminals and face;
the SmartlockPro OBC AFCI uses a patented bifurcated
bridge contact for efficient operation

Agency Standards
- Leviton AFCI UL file - E342815

- Meets UL Standard 1699A (Arc-Fault Circuit-Interrupters,
Outlet Branch Circuit Type) for AFCI

- Meets UL Standard 498 for receptacle

- Requirements in UL1998 and UL1699 were applied based
on reference in UL16ggA

SmartlockPro Consumer Product Safety Commission Outlet Branch Circuit AFCI Receptacles

Description Rating Cat. No. Color
Tamper-Resistant Outlet 15A-120V @ Receptacle, AFTRI-W White
Branch Circuit AFCI
- 20A-125V Feed-Through AFTR1-l Ivory
Receptacle with LED AFTRI-T Licht Al d
Indicator ) ignt Almon
NEMA 5-15R @ AFTR1-GY Gray
AFTR1-E Black
AFTR1 Brown
Tamper-Resistant Outlet | 20A-120V @ Receptacle, AFTR2-W White
Branch Circuit AFCI 20A-125V Feed-Through AFTR2- Ivory
Receptacle with LED AFTR2-T Light Almond
Indicator NEMA 5-20R @ AFTR2-GY Gray
AFTR2-E Black
AFTR2 Brown
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Abstract

Home electrical fires

In 2009, an estimated 44,800 home structure fires reported to U.S. fire departments involved some
type of electrical failure or malfunction as a factor contributing to ignition. These fires resulted in
472 civilian deaths, 1,500 civilian injuries, and $1.6 billion in direct property damage.

Home electrical distribution or lighting equipment fires

In 2009, an estimated 21,000 reported U.S. non-confined home structure fires involving electrical
distribution or lighting equipment resulted in 320 civilian deaths, 1,000 civilian injuries, and $935
million in direct property damage.

These estimates are based on data from the U.S. Fire Administration’s (USFA’s) National Fire
Incident Reporting System (NFIRS) and the National Fire Protection Association’s (NFPA’s) annual
fire department experience survey.

Keywords: Electrical fire, wiring, lamp, light, cord, plug, fuse, circuit breaker, transformer, outlet,
receptacle, switch, generator, battery, fire statistics, home fires, residential fires.
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Executive Summary

Home electrical fires

The most inclusive and direct interpretation of
“electrical fire” is a fire involving some type
of electrical failure or malfunction. In 20009,
an estimated 44,800 home structure fires
reported to U.S. fire departments involved
some type of electrical failure or malfunction
as a factor contributing to ignition. These
fires resulted in 472 civilian deaths, 1,500
civilian injuries, and $1.6 billion in direct
property damage. In 2005-2009, home
electrical fires represented 13% of total home
structure fires, 17% of associated civilian
deaths, 11% of associated civilian injuries, and
21% of associated direct property damage.

These statistics include fires reported as
“confined fires,” for which detailed reporting
is not required. Estimates of detailed
characteristics for confined fires require
statistical allocation of a large share of
unknowns and so involve less confidence.

Half (49%) of 2005-2009 reported non-
confined U.S. home structure fires involving
electrical failure or malfunction had some type
of electrical distribution or lighting equipment
as equipment involved in ignition. The
leading other types of equipment involved in
ignition were washer or dryer (6%), fan (6%),
space heater (4%), air conditioning equipment
(4%), water heater (3%), and range (3%).

Home electrical distribution or lighting
equipment fires

In 2009, an estimated 21,000 reported U.S.
non-confined home structure fires involving
electrical distribution or lighting equipment
resulted in 320 civilian deaths, 1,000 civilian
injuries, and $935 million in direct property
damage. Fires reported as confined fires
would add only 1.8% to the estimated non-
confined fires and less than 1.0% to associated

Home Electrical Fires, 1/12

losses. Therefore, they are not included in this
analysis.

The national estimates in this report are
derived from data reported to the U.S. Fire
Administration’s National Fire Incident
Reporting System (NFIRS). Fires declined by
about one-third from 1980 to 1998. Version
5.0 of NFIRS, introduced in 1999, contained
numerous changes in data categories,
definitions, and rules. After the transition
period of 1999-2001, when NFIRS Version
5.0 was being phased in, the estimates settled
into a level about one-half lower than the
levels of the late 1990s, a much larger decline
than would have been expected if the 1980-
1998 trend had continued unchanged.
Associated losses also showed large declines
coinciding with the shift to NFIRS Version
5.0.

As with other types of equipment cited as
equipment involved in ignition, all that we
know from this designation is that the
equipment provided the heat leading to
ignition. That does not mean that there was
electrical or any other type of failure or
malfunction. For example, a hot light bulb
might have been too close to combustibles.

Electrical distribution or lighting equipment
accounted for 6% of 2005-2009 home
structure fires, ranking fourth among major
causes behind cooking equipment, heating
equipment, and intentional. Electrical
distribution or lighting equipment also
accounted for 15% of associated civilian
deaths (ranking behind smoking materials,
heating equipment, and tied with cooking
equipment), 8% of associated civilian injuries
(ranking fifth), and 12% of associated direct
property damage (ranking third).

Wiring and related equipment accounted for
the largest share (61%) of 2005-2009 home
structure fires involving electrical distribution

NFPA Fire Analysis & Research, Quincy, MA
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or lighting equipment, followed by lamps,
light fixtures, and light bulbs (21%), cords and
plugs (12%), and transformers and power
supplies (6%). Cords and plugs accounted for
larger shares of civilian deaths (34%) and
injuries (24%) than of fire incidents (12%)
associated with home electrical distribution or
lighting equipment fires.

Three-fourths (73%) of 2005-2009 non-
confined home structure fires involving
electrical distribution or lighting equipment
cited some type of electrical failure or
malfunction as a factor contributing to
ignition.

The majority of 2005-2009 non-confined
home structure fires involving electrical
distribution or lighting equipment began with
ignition of products and materials often found
in structural areas, including wire or cable
insulation (31%), structural member or
framing (15%), insulation within structural
area (6%), and exterior wall covering and
finish (5%).

One-third (31%) of deaths in 2005-2009 non-
confined home structure fires involving
electrical distribution or lighting equipment
resulted from fires that began in a living room,
family room, or den.

Three out of five (60%) deaths in 2005-2009
home structure fires involving electrical
distribution or lighting equipment involved
victims who were outside the area of origin
when injured. By comparison 46% of fatal
victims for all home structure fires were
outside the area of origin when injured.

Home structure fires involving electrical
distribution or lighting equipment, in 2005-
2009, show a winter peak similar to that for
heating equipment but less pronounced.
Based on special reports by the U.S.
Consumer Product Safety Commission,
analyzing data from the death certificate data

Home Electrical Fires, 1/12

base, in 1999 to 2010, 49 people died per year
of injuries from unvented carbon monoxide
from generators. Fueled equipment to
generate electricity is the only type of
electrical distribution or lighting equipment
that can produce carbon monoxide.

Safety Tips

e Home electrical safety begins with
NFPA 70, National Electrical Code®,
and related documents with special
relevance to homes, notably NFPA 73,
Electrical Inspection Code for
Existing Dwellings. However, work
on home electrical distribution or
lighting equipment should only be
conducted by someone qualified as an
electrician. When you are buying,
selling or remodeling a home, have it
inspected by a professional electrician.

e Call a qualified electrician or landlord
if you have
» recurring problems with blowing
fuses or tripping circuit breakers,

» atingling feeling when you touch
an electrical appliance,

» discolored or warm wall outlets,

» aburning smell or rubbery odor
coming from an appliance,

» flickering lights,

» sparks from an outlet.

» cracked or broken outlets

e Arc fault circuit interrupters (AFCIs)
are a type of circuit breaker that shuts
off electricity when a dangerous arcing
condition occurs. Consider having
them installed in your home. Use a
qualified electrician.

e Use extension cords for temporary
wiring only. Consider having
additional circuits or outlets added by
a qualified electrician.

NFPA Fire Analysis & Research, Quincy, MA
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Home Electrical Fires Fact Sheet

U.S. fire departments responded to an estimated average of 43,900 reported U.S. home® structure
fires involving electrical failure or malfunction in 2005-2009. These fires resulted in 438 civilian
deaths, 1,430 civilian injuries and $1.47 billion in direct property damage.

Roughly half of home electrical fires
involved electrical distribution or lighting

Nearly half of home electrical fires
involved other known types of equipment

equipment in 2005-2009.

Leading Types of Electrical Distribution or

in 2005-2009.

Lighting Equipment Involved in Home Electrical

Fires, 2005-2009
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Home Electrical Fires, 2005-2009
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Home Fires Involving Electrical Distribution or Lighting Equipment

U.S. fire departments responded to an estimated average of 23,400 reported U.S. non-confined
home structure fires involving electrical distribution or lighting equipment in 2005-2009. These
fires resulted in 392 civilian fire deaths, 970 civilian fire injuries, and $820 million in direct

damage.

Home Fires Involving Electrical Distribution or Lighting
Equipment, by Major Equipment Group 2005-2009

In 2005-2009:

70% 1 619 Some type of electrical failure or malfunction
60% - was cited as factor contributing to ignition for
5006 - 47% = Fires = Civilian Deaths 73% of electrical distribution or lighting
equipment home structure fires.
40% - 34%
30% - 21% One-third (31%) of civilian deaths in these
20% - 15% 12% incidents began in the living room, family
10% - l 6% 40 room or den.
0% - ; , . 1. , . . - I
. . Wire or cable insulation is what ignited
Wiring and Lamps, light  Cords and plugs Transformers and firsii % of el T —TT—
related equipment fixtures and light power supplies irst in 31% of electrical distribution or

bulbs

lighting equipment home structure fires.

1Homes are dwellings, duplexes, manufactured homes, apartments, townhouses, and rowhouses.
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NFPA’s Fire Safety Resources

NFPA’s wealth of fire-related research
includes investigations of technically
significant fire incidents, fire data analysis,
and the Charles S. Morgan Technical Library,
one of the most comprehensive fire literature
collections in the world. In addition, NFPA’s
Fire Protection Research Foundation is a
source of independent fire test data. Find out
more at:

www.nfpa.org/research

Research

Codes &
Standards

NFPA also develops, publishes, and
disseminates more than 300 consensus codes
and standards intended to minimize the
possibility and effects of fire and other risks.
Home electrical safety begins with:

NFPA1: Fire Code

NEPA 101 Life Safety Code®

NFEPA 70: National Electrical Code®:
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Properly installed and maintained smoke
alarms are necessary to provide a warning of
any fire to all occupants. You can find out
more information about smoke alarms here:
NEPA Smoke Alarm Information

Home fire sprinkler systems provide even
greater protection. These systems respond
quickly to reduce the heat, flames, and smoke
from a fire until help arrives. More information
about home fire sprinklers may be found at
www.firesprinklerinitiative.org

Simply put, smoke alarms and fire sprinklers
save lives.

Advocacy

Public
Education

For consumers: NFPA has consumer safety
information regarding causes, escape
planning, fire & safety equipment, and many
other topics.

For Kids : Sparky.org has important
information for kids delivered via fun games,
activities, and cartoons.

For public educators: Resources on fire safety
education programs, educational messaging,
grants & awards, and many other topics.
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Section 1. Electrical Fires

In 2009, an estimated 44,800 home electrical fires were reported to U.S. fire departments.
“Electrical fire” is defined as structure fire that involved some type of electrical failure or
malfunction as a factor contributing to ignition.

These fires resulted in 472 civilian deaths, 1,500 civilian injuries, and $1.6 billion in direct
property damage.

Home electrical fires represented 13% of total 2005-2009 home structure fires, 17% of
associated civilian deaths, 11% of associated civilian injuries, and 21% of associated direct
property damage.

Figure 1.1. Home Fires Involving Electrical Failure or Malfunction
as Factor Contributing to Ignition, by Year
Structure Fires Reported to U.S. Fire Departments
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Year
Source: Data from NFIRS (Version 5.0 after 1998) and NFPA survey. Note: See Note in Table 1.1.

Figure 1.1 and Table 1.1 show that there has been a fairly steady and substantial downward
trend, with the 2009 total being roughly one-third less than the size of the 1980 estimated total of
71,700 fires. However, most of that decline occurred between 1980 and 1998, with long periods
of slow or no decline after the introduction of NFIRS Version 5.0 in 1999, except for the most
recent year. Civilian deaths and direct property damage (adjusted for inflation) have not shown a
consistent decline from 1980 to the present.

These statistics include fires reported as “confined fires,” for which detailed reporting is not
required. Estimates of detailed characteristics for confined fires require statistical allocation of a
large share of unknowns and so involve less confidence. In this analysis, fires reported as
confined fires added an average of 12% to the non-confined fire estimates in 2005-2009. They
added at most 1% to civilian deaths and injuries and to direct property damage. Most of the
confined fires (64%) were fires confined to a cooking vessel, and most of the rest (25% of the
total) were fires confined to fuel burner, boiler, chimney or flue. The rest were fires confined to
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trash (4%), fires confined to an incinerator (4%), fires confined to chimney or flue (2%), and
fires confined to commercial compactor (1%).

Most (76%0) reported home structure fires involving electrical failure or malfunction were
reported with few or no details on failure mode.

Table 1.A shows the estimates for different types of electrical failure or malfunction. The two
leading types were unclassified electrical failure or malfunction (49%) and unspecified short
circuit arc (27%). The leading factor with specific details was short circuit arc from defective or
worn insulation (13%).

Table 1.A. Home Fires Involving Electrical Failure or Malfunction as Factor Contributing to Ignition,
by Factor Contributing to Ignition
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Type of Electrical Failure Civilian Civilian Direct Property

or Malfunction Fires Deaths Injuries Damage (in Millions)

Unclassified electrical failure 23,920 (49%) 218  (50%) 664  (46%) $770  (52%)
or malfunction

Unspecified short circuit arc 13,110 (27%) 108 (25%) 422  (29%) $440  (30%)

Short circuit art from defective 6,310 (13%) 49  (11%) 151  (10%) $151  (10%)
or worn insulation

Arc or spark from operating 2,510 (5%) 26 (6%) 96 (7%) $60 (4%)
equipment

Arc from faulty contact or 2,250 (5%) 18 (4%) 55 (4%) $49 (3%)
broken conductor

Short circuit arc from 2,040 (4%) 33 (8%) 50 (3%) $43 (3%)
mechanical damage

Water caused short circuit arc 710 (1%) 0 (0%) 13 (1%) $10 (1%)

Fluorescent light bulb 190  (0%) 0 (0%) 4 (0%) $11 (1%)

Total fires 49,080 (100%) 438 (100%) 1,445 (100%) $1,476 (100%)

Total factors 51,030 (104%) 452 (103%) 1,455 (101%) $1,534 (104%)

Note: Figures include confined fires, which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections exclude fires reported only to Federal or state agencies or industrial fire brigades. Fires are rounded to the nearest ten,
civilian deaths and civilian injuries are expressed to the nearest one, and property damage is rounded to the nearest million dollars.
Damage has not been adjusted for inflation. Figures reflect a proportional share of home fires with factor contributing to ignition
listed as unknown, unreported, none, or blank, with allocations done separately for non-confined and confined fires. Totals may not
equal sums because of rounding.

Source: Data from NFIRS Version 5.0 and NFPA survey.

Arcing appears to account for most home electrical fires, as compared with overheating
due to overcurrent.

It is useful to estimate the relative frequency of arcing vs. overheating as the mechanism of
ignition, because different fire prevention devices (e.g., arc-fault circuit interrupter) or strategies
may be more effective on one ignition mechanism than the other.
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If electrical failure or malfunction is defined by Factor Contributing to Ignition, then the relative
roles of arcing and overheating can be examined using Heat Source. Arcing should be the mode
of ignition if Heat Source refers to arcing or sparks. Overheating should be the mode of ignition
if Heat Source refers to radiated or conducted heat or to molten or hot material. Here are the
leading Heat Source entries and their respective shares of fires with known Heat Source, from all
home fires involving electrical failure or malfunction:

Arcing — 63%, definitely arcing;

Unclassified heat from powered equipment — 13%, could be either;

Unclassified heat source — 6%, could be either;

Radiated or conducted heat from operating equipment — 5%; should be overheating;
Spark, ember or flame from operating equipment — 5%, could be either;

Unclassified hot or smoldering object — 5%, probably overheating;

Heat or spark from friction — 1%, could be either;

Molten or hot material — 1%, very probably overheating.

These statistics suggest a 6-to-1 ratio of arcing fires to overheating fires based on heat sources
that appear likely to be one or the other. If everything that is not specifically arcing is
overheating, then the ratio is still 3-to-2 arcing versus overheating.

Fires due to overheating caused by overcurrent can be prevented by overcurrent protection
devices, principally circuit breakers and fuses, while fires due to arcing can be prevented by arc
fault circuit interrupters (AFCIs). The former has been present in all, or nearly all, homes with
electrical service since electrical service has been available. The latter is a technology developed
more recently and is still in very limited use.

A 1983 special study by the National Institute of Standards and Technology (then still called the
National Bureau of Standards) examined 80 cases of one- and two-family dwelling electrical
distribution or lighting equipment fires for which the type and performance of overcurrent
protection was known and reported.® None of the 43 cases with circuit breakers and 11% of the
cases with fuses were deemed to involve circumstances where the overcurrent protection device
should have operated to prevent ignition.

The U.S. Consumer Product Safety Commission which had arranged and sponsored the
collection of the data analyzed by NIST, arranged and sponsored a second phase of data
collection in the late 1980s and performed the analysis themselves. One finding was a strong
relationship between age of dwelling and the rate of electrical distribution and lighting
equipment fires per million dwellings, as shown in Table 1.B.

The two analyses identified three primary factors in relationship between age of dwelling and
risk.

e Inthe 1990 CPSC analysis, no dwelling built later than 1965 used fuses rather than
circuit breakers, whereas about half the dwellings built before 1965 used fuses. As of

L epsc analysis of 141 fires, as reported in Linda E. Smith and Dennis McCoskrie, “What Causes Wiring Fires in Residences?,” Fire Journal,
January/February 1990, pp. 19-24, 69; NIST analysis of 101 fires, as reported in John R. Hall, Jr., Richard Bukowski, and Alan Gomberg,
Analysis of Electrical Fire Investigations in Ten Cities, NBSIR 83-2803, National Bureau of Standards, December 1983.
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2007, roughly 42% of the nation occupied detached single-family dwellings had been
built before 1965, which suggests dwellings with fuses now account for at most one-fifth
of total dwellings.

e Inthe 1983 NIST analysis, no dwelling built later than 1950 used knob and tube wiring
whereas about one-third of dwellings built before 1950 used knob and tube wiring. As of
2007, 23% of the nation’s occupied detached single-family dwellings were built before
1950, which suggests dwellings with knob and tube wiring now account for less than
one-tenth of total dwellings. ?

e Inthe 1983 NIST analysis, 63% of fire cases involving dwellings built before 1960 found
electrical systems in need of repair, compared to only 27% of fire cases involving
dwellings built after 1960 (at most 20 years old).

Table 1.B. Risk Ratios for Rate of Electrical Distribution
or Lighting Equipment per Million Dwellings, by Age of Dwelling

Age of Risk Ratio

Dwelling 1990 CPSC Study 1983 NIST Study
0-10 years 0.3 0.3

11-20 years 0.5 0.3

21-40 years 1.0 1.1

More than 40 years 1.6 1.9

All ages 1.0 1.0

Note: The risk ratio is defined as the ratio of the fire rate for dwellings of that age to the fire rate for all dwellings.

Source: CPSC analysis of 141 fires, as reported in Linda E. Smith and Dennis McCoskrie, “What Causes Wiring Fires in
Residences?,” Fire Journal, January/February 1990, pp. 19-24, 69; NIST analysis of 101 fires, as reported in John R. Hall, Jr.,
Richard Bukowski, and Alan Gomberg, Analysis of Electrical Fire Investigations in Ten Cities, NBSIR 83-2803, National
Bureau of Standards, December 1983.

Of these three factors, the first two — use of fuses and use of knob and tube wiring — are clearly
much less common today than they were at the time of the NIST and CPSC studies. However,
age may still be a factor in the risk of home electrical fires. In the CPSC study, one-sixth (17%)
of the fires were in dwellings that showed equipment deterioration due to aging.

The Fire Protection Research Foundation sponsored a project in 2002-2008 to take an updated
look at the issue of aging electrical distribution and lighting equipment in dwellings.* The
methodology consisted of a detailed examination of 30 homes that were 30 to 110 years old.
They identified a number of system problems, which may correlate with system age for different
reasons. Here are some examples:

(1) Physical deterioration due to age alone.
Pre-1950 wiring often used conductors with thermoset rubber insulation, and rubber is known to
become brittle with age. This general potential was confirmed to have occurred in some of the

2 American Housing Survey 2007, U.S. Department of Commerce and U.S. Department of Housing and Urban Development, September 2008,
Tables 1A-1 and 2-25.

% David A. Dini, Residential Electrical System Aging Research Project, Fire Protection Research Foundation, Quincy, MA, July 1, 2008.
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sample homes. Ground fault circuit interrupters (GFCIs) were cited as an example of an
electrical product that in several cases were left in place past their design product life. Like non-
operational smoke alarms, these products include test features and/or external indicators of non-
operationality but may still be left in place without needed maintenance or replacements.

(2) Deterioration as a possible or likely cumulative result of repeated impacts in normal use.
Receptacle outlets receive repeated impacts from the insertion and removal of plugs. Some of
these insertions or removals are rough enough to constitute abuse, but even normal use creates
the potential for product deterioration over time.

(3) Products that, even though they may not deteriorate with age, no longer provide as much fire
protection as alternative products now widely used. Age is indirectly related because it correlates
with the degree of usage of these alternative products.

Circuit breakers and fuses are always cited as an example, but the FPRF study, like the NIST and
CPSC studies, did not find a clear difference in performance between fuses and circuit breakers. All
those studies tend to indicate that old fuses and old circuit breakers work well if not abused or
misused. Fuses are easier to defeat through tampering, and this appears to be the key to any
statistical difference in performance.

(4) Misuse of products, often products used because appropriate equipment is considered too costly,
do not provide as much fire protection as appropriate products. Age is indirectly related because
poor and other high-risk households are more likely to live in older homes.*

The principal example was the use of extension cords as permanent wiring instead of adding more
outlets. There was also a general reference to the failure to replace worn-out electrical devices. At
the same time, some problems — such as improper installation, poor product choices, and inadequate
electrical capacity — can arise in new homes as easily as in older homes. For example, in 2009, the
American Housing Survey asked whether fuses or circuit breakers had “blown” in the previous three
months.” The overall average was 9% of households said yes. The response was the same for new
construction (housing units no more than four years old) as for older housing.

Half (49%) of 2005-2009 reported U.S. home structure fires involving electrical failure or
malfunction had some type of electrical distribution or lighting equipment as equipment
involved in ignition.

The leading other types of equipment involved in ignition were washer or dryer (6%), fan (6%),
portable or stationary space heater (4%), air conditioning equipment (4%), water heater (3%),
and range (3%). See Table 1.2, which does not include confined fires. If confined fires were
included, the share for ranges would be considerably larger.

Lamps, light bulbs, and light fixtures rank lower in Table 1.2 than they do on any list of all home
fires by equipment involved in ignition. This is because the percentage of lamp, light fixture, or
light bulb non-confined fires involving electrical failure or malfunction (37%) is much lower

* For example, in 2007, 50% of poor households lived in a housing unit built before 1970 compared to 44% of all households, and 37% of poor
households lived in a housing unit built before 1960 compared to 32% of all households. (American Housing Survey 2007, U.S. Department of
Commerce and U.S. Department of Housing and Urban Development, September 2008, Table 2-25.) The 2009 survey report did not include an
update of this table.

> American Housing Survey 2009, U.S. Department of Commerce and U.S. Department of Housing and Urban Development, March 2011, Table
2-6.
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than the corresponding percentages for transformers and power supplies (59%), for cords and
plugs (75%), and for wiring and related equipment (86%). (These percentages are shown in
tables in Sections 3-6 of this report.) For lamp, light fixture, or light bulb fires, the leading factor
contributing to ignition is not a type of electrical failure but is heat source too close to
combustible.

Tables 1.3 to 1.8 also exclude confined fires.

Nearly half (47%) of 2005-2009 non-confined home electrical fires (structure fires involving
electrical failure or malfunction) began with ignition of products often found in concealed
spaces — wire or cable insulation (31%0) or structural member or framing (16%o).

Other leading items first ignited were insulation within structural areas (7%), interior wall covering
(6%), appliance housing or casing (5%), and exterior wall covering (4%). Leading items first ignited
for fire deaths were wire or cable insulation (24%), structural member or framing (17%), upholstered
furniture (9%), and interior wall covering (8%). (See Table 1.3.)

Half (53%0) of 2005-2009 home electrical fire deaths resulted from fires that began in the
principal occupiable spaces of the home — living room, family room, or den (22%), bedroom
(20%0), or Kkitchen (11%b).

Leading areas of origin for non-confined fire incidents were bedroom (14%), attic or ceiling/roof
assembly or concealed space (11%), kitchen (11%), wall assembly or concealed space (7%), and
living room, family room or den (6%). (See Table 1.4.)

Most fatal victims (59%) of home electrical fires were not in the area of fire origin when
injured.

The share outside the area of origin is higher than for fatal home fires in general (47%). (See
Table 1.5 for victim location when fire began.)

Most (73%) fatal victims of home electrical fires were attempting to escape (39%0) or sleeping
(34%) when fatally injured.

Fatal victims of home electrical fires were more likely than victims of home fires in general to be
attempting escape (39% vs. 35%) and less likely to be unable to act (9% vs. 11%) or acting
irrationally (2% vs. 6%). (See Table 1.6.)

Home electrical fire deaths show a peak in the early morning hours (42% in midnight to 6 am) and in
winter (44% in December through March). (See Tables 1.7 and 1.8.)

Other reports provide statistics on non-fire incidents and harm due to electricity.
See the following reports:
e Jennifer D. Flynn, Non-Fire Electrical Wiring and Equipment Problem Incidents Reported to
U.S. Fire Departments, NFPA Fire Analysis and Research Division, Quincy, MA, August
2007 — Analyzes 316,000 reported 2003 incidents, such as power line down, that did not
involve fire or rescue.
e Jennifer D. Flynn, Non-Fire Electrical Rescue Incidents Reported to Fire Departments in
2003, NFPA Fire Analysis and Research Division, Quincy, MA, August 2007 — Analyzes
2,800 reported incidents, including electrocutions and people trapped by power lines.
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John R. Hall, Jr., Deaths and Injuries Due to Non-Fire Burns, NFPA Fire Analysis and
Research Division, Quincy, MA, March 2009 — Estimates 1991-2007 electrical burn injuries
reported to U.S. hospital emergency rooms and 1980-2005 unintentional-injury deaths by
electrical current, including deaths specifically attributable to electric transmission lines or to
lightning.

Also of interest is the following:

Robert Garrett and Susan B. Kyle, An Evaluation of the U.S. Consumer Product Safety
Commission’s Electrocution Reduction Program, CPSC Office of Planning and Evaluation,
Bethesda, MD, November 2002.

Safety Tips

Home electrical safety begins with NFPA 70, National Electrical Code® and related
documents with special relevance to homes, notable NFPA 73, Electrical Inspection
Code for Existing Dwellings. However, work on home electrical distribution or lighting
equipment should only be conducted by someone qualified as an electrician. When you
are buying, selling or remodeling a home, have it inspected by a professional electrician.

Call a qualified electrician or landlord if you have

recurring problems with blowing fuses or tripping circuit breakers,
a tingling feeling when you touch an electrical appliance,
discolored or warm wall outlets,

a burning smell or rubbery odor coming from an appliance,
flickering lights,

sparks from an outlet,

cracked or broken outlets.

YVVVYVYVYVYVY

Arc fault circuit interrupters (AFCIs) are a type of circuit breaker that shuts off electricity
when a dangerous arcing condition occurs. Consider having them installed in your home.
Use a qualified electrician.
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Table 1.1. Home Fires Involving Electrical Failure or Malfunction

as Factor Contributing to Ignition, by Year
Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property Damage (in Millions)
Year Fires Deaths Injuries As Reported In 2009 Dollars
1980 71,700 471 1,503 $426 $1,111
1981 70,000 477 1,665 $409 $963
1982 66,500 405 1,762 $450 $1,000
1983 63,700 463 1,778 $530 $1,140
1984 63,960 328 1,442 $551 $1,137
1985 67,000 451 1,603 $603 $1,201
1986 65,200 639 1,636 $600 $1,175
1987 65,500 562 1,884 $616 $1,164
1988 68,500 545 2,187 $745 $1,352
1989 64,300 590 2,000 $693 $1,200
1990 62,300 435 1,999 $737 $1,212
1991 65,700 393 2,367 $981* $1,545*
1992 62,800 486 2,271 $727 $1,113
1993 65,500 485 2,536 $936 $1,390
1994 64,300 518 2,160 $835 $1,210
1995 61,800 582 2,113 $867 $1,220
1996 63,400 593 2,067 $1,031 $1,412
1997 60,600 380 1,794 $980 $1,310
1998 57,900 479 1,816 $943 $1,241
1999 46,000 (44,300) 387 (387) 1,618 (1,618) $917  ($917) $1,181  ($1,180)
2000 49,200 (46,400) 348 (348) 1,673 (1,673) $1,085 ($1,082) $1,353  ($1,349)
2001 53,600 (49,200) 548 (548) 1,676 (1,635) $1,237 ($1,235) $1,500  ($1,497)
2002 54,300 (49,300) 278 (278) 1,286 (1,286) $1,183 ($1,181) $1,411  ($1,409)
2003 51,100 (45,200) 639 (639) 1,350 (1,349) $1,283 ($1,281) $1,495  ($1,492)
2004 52,500 (46,400) 614 (614) 1,501 (1,490) $1,360 ($1,357) $1,543  ($1,541)
2005 50,100 (44,500) 444 (444) 1,362 (1,345) $1,530 ($1,522) $1,681  ($1,672)
2006 50,500 (45,100) 333 (333) 1,367 (1,356) $1,390 ($1,389) $1,480  ($1,479)
2007 50,700 (45,500) 451 (451) 1,641 (1,633) $1,228 ($1,227) $1,271  ($1,270)
2008 49,400 (44,800) 519 (519) 1,351 (1,324) $1,633 ($1,632) $1,626  ($1,625)
2009 44,800 (39,500) 472 (472) 1,500 (1,471) $1,644 ($1,643) $1,644  ($1,643)

* All 1991 home fire property damage figures are inflated by estimation problems related to the handling of the Oakland fire storm.

Note: Figures in parentheses exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel, trash,

incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so exclude fires reported

only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced
by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest hundred, civilian deaths and injuries to the nearest one, and

direct property damage to the nearest million dollars. Figures for 1980-1998 are based on ignition factor 54-55 and reflect a proportional share of
home fires with ignition factor unknown, unreported, or blank. Figures for 1999 and later years reflect a proportional share of home fires with factor

contributing to ignition listed as unknown, unreported, none, or blank. Because of low participation in NFIRS Version 5.0 during 1999-2001, estimates

for these years are highly uncertain and must be used with caution. Inflation adjustment to 2009 dollars is done using the consumer price index.

Source: Data from NFIRS (Version 5.0 after 1998) and NFPA survey.
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Table 1.2. Home Fires Involving Electrical Failure or Malfunction,
by Equipment Involved in Ignition
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Equipment Involved in Ignition Fires Deaths Injuries Damage (in Millions)
Electrical distribution or 21,300 (49%) 300 (68%) 661  (46%) $834  (57%)
lighting equipment
Unclassified wiring 6,800 (16%) 79 (18%) 161 (11%) $247  (17%)
Outlet or receptacle 2,600 (6%) 21 (5%) 74 (5%) $105 (7%)
Branch circuit wiring 2,100 (5%) 15 (4%) 43 (3%) $100 (7%)
Extension cord 1,400 (3%) 82  (19%) 108 (8%) $62 (4%)
Fuse or circuit breaker panel 1,400 (3%) 19 (4%) 24 (2%) $41 (3%)
Service supply wiring from utility 700 (2%) 3 (1%) 22 (2%) $25 (2%)
Unclassified lamp, light fixture 600 (1%) 7 (2%) 9 (1%) $24 (2%)
or sign
Meter or meter box 600 (1%) 4 (1%) 7 (1%) $16 (1%)
Incandescent light fixture 600 (1%) 6 (1%) 11 (1%) $18 (1%)
Wiring from meter box to circuit 500 (1%) 3 (1%) 5 (0%) $27 (2%)
breaker
Surge protector 500 (1%) 8 (2%) 18 (1%) $22 (2%)
Permanently attached power cord 500 (1%) 11 (3%) 29 (2%) $15 (1%)
or plug
Unclassified cord or plug 400 (1%) 6 (1%) 29 (2%) $22 (1%)
Electrical power (utility) line 400 (1%) 6 (1%) 12 (1%) $13 (1%)
Table or floor lamp 400 (1%) 4 (1%) 20 (1%) $17 (1%)
Detachable power cord or plug 300 (1%) 9 (2%) 20 (1%) $11 (1%)
Fluorescent light fixture or ballast 300 (1%) 3 (1%) 14 (1%) $13 (1%)
Wall switch 200 (1%) 0 (0%) 11 (1%) $4 (0%)
Other known electrical distribution 900 (2%) 11 (2%) 42 (3%) $52 (4%)
or lighting equipment
Equipment other than electrical 20,100  (46%) 126 (29%) 702  (49%) $543  (37%)
distribution or lighting equipment
Washer or dryer 2,700 (6%) 0 (0%) 66 (5%) $52 (4%)
Fan 2,700  (6%) 10 (2%) 79 (6%) $79  (5%)
Portable or stationary space heater 1,800 (4%) 34 (8%) 69 (5%) $58 (4%)
Air conditioning equipment 1,700 (4%) 3 (1%) 64 (4%) $43 (3%)
Water heater 1,500 (3%) 0 (0%) 18 (1%) $18 (1%)
Range 1,500 (3%) 12 (3%) 37 (3%) $24 (2%)
Refrigerator, freezer or ice maker 1,000 (2%) 0 (0%) 35 (2%) $36 (2%)
Entertainment equipment other 700 (2%) 0 (0%) 43 (3%) $27 (2%)
than television
Television 700 (2%) 0 (0%) 35 (2%) $25 (2%)
Dishwasher 700 (1%) 0 (0%) 14 (1%) $16 (1%)
Microwave oven 600 (1%) 0 (0%) 42 (3%) $16 (1%)
Furnace or other central heating 600 (1%) 11 (3%) 19 (1%) $9 (1%)
unit
Computer or other office equipment 500 (1%) 0 (0%) 37 (3%) $27 (2%)
Portable cooking or warming device 400 (1%) 3 (1%) 22 (2%) $15 (1%)
Oven or rotisserie 400 (1%) 0 (0%) 2 (0%) $3 (0%)
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Table 1.2. Home Fires Involving Electrical Failure or Malfunction,
by Equipment Involve in Ignition (Continued)
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property

Equipment Involved in Ignition Fires Deaths Injuries Damage (in Millions)
Other known equipment other 2,700 (6%) 52  (12%) 122 (9%) $96 (7%)

than electrical distribution or

lighting equipment
No equipment involved 2,000 (5%) 0 (0%) 35  (2%) $81 (5%)
Unclassified equipment involved 500 (1%0) 6 (1%) 28  (2%) $16 (1%0)

in ignition
Total 43,900 (100%) 438 (100%) 1,426 (100%) $1,474 (100%)

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest
hundred, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Damage has not
been adjusted for inflation. Figures reflect a proportional share of home fires with factor contributing to ignition listed as unknown,
unreported, none, or blank. Figures reflect a proportional share of home fires with factor contributing to ignition coded as electrical
failure or malfunction and equipment involved with ignition shown as unknown or blank or as “no equipment” without a confirming
heat source (codes 40-99 under heat source), with allocations done separately for non-confined and confined fires. Totals may not
equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.3. Home Fires Involving Electrical Failure or Malfunction, by Item First Ignited
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Item First Ignited Fires Deaths Injuries Damage (in Millions)
Wire or cable insulation 13,390 (31%) 103  (24%) 390 (27%) $344  (23%)
Structural member or framing 7,020 (16%) 75  (17%) 148 (10%) $330 (22%)
Insulation within structural area 2,880 (7%) 7 (2%) 37 (3%) $77 (5%)
Interior wall covering 2,650 (6%) 36 (8%) 88  (6%) $99 (7%)
Appliance housing or casing 2,130 (5%) 13 (3%) 88  (6%) $45 (3%)
Exterior wall covering 1,910 (4%) 9 (2%) 26 (2%) $58 (4%)
Unclassified item 1,840 (4%) 9 (2%) 39  (3%) $42 (3%)
Unclassified structural component 1,650 (4%) 20 (4%) 45  (3%) $75 (5%)
or finish

Mattress or bedding 1,180 (3%) 19 (4%) 121 (8%) $42 (3%)
Ceiling covering 1,110 (3%) 6 (1%) 17 (1%) $40 (3%)
Floor covering 990 (2%) 28 (6%) 47  (3%) $34 (2%)
Unclassified furniture or utensil 840 (2%) 9 (2%) 41 (3%) $39 (3%)
Clothing 750  (2%) 3 (1%) 34 (2%) $23  (2%)
Upholstered furniture 750 (2%) 41 (9%) 92  (6%) $42 (3%)
Cabinetry 750  (2%) 14 (3%) 32 (2%) $30  (2%)
Multiple items first ignited 560  (1%) 6 (1%) 29  (2%) $34  (2%)
Unclassified soft goods or clothing 390 (1%) 4 (1%) 22 (2%) $11 (1%)
Curtain or drape 260 (1%) 4 (1%) 27 (2%) $11 (1%)
Exterior roof covering 230 (1%) 0 (0%) 2 (0%) $11 (1%)
Other known item first ignited 2,590 (6%) 0 (7%) 102 (7%) $86 (6%)
Total fires 43,870 (100%) 438 (100%) 1,426 (100%) $1,474 (100%)

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest
ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Damage has not been
adjusted for inflation. Figures reflect a proportional share of home fires with factor contributing to ignition listed as unknown,
unreported, none, or blank. Figures reflect a proportional share of home fires with factor contributing to ignition coded as electrical
failure or malfunction and item first ignited shown as unknown or blank, with allocations done separately for non-confined and
confined fires. Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.4. Home Fires Involving Electrical Failure or Malfunction, by Area of Origin
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Area of Origin Fires Deaths Injuries Damage (in Millions)
Bedroom 6,250 (14%) 89 (20%) 403 (28%) $236  (16%)
Attic or ceiling/roof assembly or 4,960 (11%) 8 (2%) 61  (4%) $167 (11%)
concealed space
Kitchen 4910 (11%) 49  (11%) 141 (10%) $134  (9%)
Wall assembly or concealed space 3,270 (7%) 30 (7%) 66 (5%) $105 (7%)
Living room, family room, or den 2,710 (6%) 98 (22%) 196 (14%) $122 (8%)
Laundry room or area 2,350 (5%) 14  (3%) 56  (4%) $54 (4%)
Bathroom 1,940  (4%) 3 (1%) 47  (3%) $40  (3%)
Unclassified function area 1,860 (4%) 41 (9%) 109 (8%) $71 (5%)
Crawl space or substructure space 1,650 (4%) 19 (4%) 39  (3%) $57 (4%)
Exterior wall surface 1,620 (4%) 5 (1%) 25  (2%) $32 (2%)
Ceiling/floor assembly or concealed 1,600 (4%) 26 (6%) 29  (2%) $63 (4%)
space
Garage* 1,560  (4%) 4  (1%) 66 (5%) $95  (6%)
Unclassified area of origin 910 (2%) 3 (1%) 10 (1%) $24 (2%)
Heating equipment room or area 910 (2%) 4 (1%) 21 (1%) $18 (1%)
Unclassified structural area 900 (2%) 16 (4%) 14 (1%) $40 (3%)
Closet 750  (2%) 2 (0%) 18 (1%) $23  (2%)
Unclassified storage area 570 (1%) 0 (0%) 10 (1%) $17 (1%)
Unclassified equipment or service area 460 (1%) 3 (1%) 5 (0%) $8 (1%)
Duct for cable, exhaust, heating, or 420 (1%) 0 (0%) 9 (1%) $6 (0%)
air conditioning
Exterior balcony or unenclosed porch 410 (1%) 4 (1%) 12 (1%) $21 (1%)
Unclassified outside area 380 (1%) 0 (0%) 4 (0%) $6 (0%)
Conduit, pipe, utility, or ventilation 330 (1%) 0 (0%) 0 (0%) $5 (0%)
shaft
Lobby or entrance way 310 (1%) 4 (1%) 6 (0%) $11 (1%)
Storage room, area, tank, or bin 280 (1%) 0 (0%) 10 (1%) $10 (1%)
Hallway or corridor 230 (1%) 3 (1%) 10 (1%) $5 (0%)
Office 220  (1%) 2 (1%) 8 (1%) $14  (1%)
Other known area of origin 2,090 (5%) 10 (2%) 50 (4%) $87 (6%)
Total fires 43,870 (100%) 438 (100%) 1,426 (100%) $1,474 (100%)

* Excludes garage reported as separate property.

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest
ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Damage has not been
adjusted for inflation. Figures reflect a proportional share of home fires with factor contributing to ignition listed as unknown,
unreported, none, or blank. Figures reflect a proportional share of home fires with factor contributing to ignition coded as electrical
failure or malfunction and area of origin shown as unknown or blank, with allocations done separately for non-confined and confined
fires Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.5. Civilian Deaths and Injuries in Home Fires Involving Electrical Failure or Malfunction,

vs. All Home Fires, by Victim Location

Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Home Electrical Fires

All Home Fires

Civilian Civilian Civilian Civilian
A. Victim Location When Injured Deaths Injuries Deaths Injuries
In area of origin 180 (41%) 748 (52%) 53% 66%
Not in area of origin but 250 (57%) 545 (38%) 46% 28%
in building of origin
Not in building of origin 9  (2%) 133 (9%) 1% 6%
Total 438 (100%) 1,426 (100%) 100% 100%

Home Electrical Fires

All Home Fires

Civilian Civilian Civilian Civilian
B. Victim Location at Ignition Deaths Injuries Deaths Injuries
In area of origin and not involved 82 (19%) 369 (26%) 2% 24%
Not in area of origin and not involved 170 (39%) 453 (32%) 21% 24%
Not in area of origin but involved 88 (20%) 258 (18%) 39% 14%
In area of origin and involved 98 (22%) 346 (24%) 39% 38%
In area of origin 180 (41%) 716 (50%) 40% 25%
Not in area of origin 258 (59%) 711 (50%) 60% 75%
Involved in ignition 186 (42%) 604 (42%) 78% 63%
Not involved in ignition 252 (58%) 822 (58%) 22% 27%
Total 438 (100%) 1,426 (100%) 100% 100%

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Civilian deaths and injuries are
rounded to the nearest one. Figures reflect a proportional share of home fires with factor contributing to ignition listed as unknown,
unreported, none, or blank. Figures reflect a proportional share of home fires with factor contributing to ignition coded as electrical
failure or malfunction and victim location at ignition unknown or blank, with allocations done separately for non-confined and
confined fires Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.6. Civilian Deaths and Injuries in Home Fires Involving Electrical Failure or Malfunction,
vs. All Home Fires, by Victim Activity When Injured
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Home Electrical Fires All Home Fires

Civilian Civilian Civilian Civilian

Activity Deaths Injuries Deaths Injuries
Attempting to escape 169  (39%) 472  (33%) 35% 25%
Sleeping 149  (34%) 178  (12%) 35% 12%
Unable to act 41 (9%) 25 (2%) 11% 2%
Attempting to fight fire 30 (7%) 389 (27%) 3% 36%
Returning to vicinity of fire 16 (4%) 121 (9%) 3% 7%
Attempting rescue 15 (3%) 126 (9%) 2% 7%
Irrational act 11 (2%) 11 (1%) 6% 3%
Unclassified activity 8 (2%) 93 (7%) 5% 8%
Total 438 (100%) 1,426 (100%) 100% 100%

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Civilian deaths and injuries are
rounded to the nearest one. Figures reflect a proportional share of home fires with factor contributing to ignition listed as unknown,
unreported, none, or blank. Figures include a proportional share of home fires with factor contributing to ignition coded as electrical
failure or malfunction and victim activity unknown or blank, with allocations done separately for non-confined and confined fires.
Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.7. Home Fires Involving Electrical Failure or Malfunction, by Time of Day
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property

Time Fires Deaths Injuries Damage (in Millions)
Midnight—  1:59 am 2,890  (7%) 60 (14%) 126 (9%) $116  (8%)
2:00 - 3:59 am 2510 (6%) 61 (14%) 135  (9%) $120  (8%)
4:00 - 5:59 am 2,260  (5%) 61 (14%) 133 (9%) $93 (6%)
6:00 - 7:59 am 2,730  (6%) 47  (11%) 124 (9%) $92 (6%)
8:00 - 9:59 am 3,350  (8%) 28  (6%) 107 (7%) $108  (7%)
10:00- 11:59 am 3,910  (9%) 19 (4%) 121 (9%) $132 (9%)
Noon-  1:59 am 4,320 (10%) 31 (7%) 121 (9%) $145  (10%)
2:.00—  3:59pm 4,430 (10%) 22 (5%) 110  (8%) $146  (10%)
4:.00—  5:59 pm 4,710 (11%) 15  (3%) 106 (7%) $145  (10%)
6:00—  7:59 pm 4,810 (11%) 32 (7%) 126 (9%) $135  (9%)
8:00—  9:59 pm 4,420 (10%) 20 (5%) 99  (7%) $130  (9%)
10:00- 11:59 pm 3,550  (8%) 41 (9%) 118 (8%) $113  (8%)
Total 43,870 (100%) 438 (100%) 1,426 (100%) $1,474 (100%)

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest
ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Figures reflect a
proportional share of home fires with factor contributing to ignition listed as unknown, unreported, none, or blank, with allocations
done separately for non-confined and confined fires. Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 1.8. Home Fires Involving Electrical Failure or Malfunction, by Month
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Month Fires Deaths Injuries Damage (in Millions)
January 4,640 (11%) 47  (11%) 159 (11%) $156  (11%)
February 3,770 (9%) 38 (9%) 136 (10%) $125 (9%)
March 3,730  (9%) 54 (12%) 129  (9%) $139  (9%)
April 3230  (T%) 25  (6%) 109  (8%) $117 (8%)
May 3,100 (%) 36 (8%) 98 (7%) $106  (7%)
June 3,440  (8%) 21 (5%) 120  (8%) $130  (9%)
July 3,710 (8%) 27 (6%) 104 (7%) $123 (8%)
August 3,440  (8%) 35  (8%) 105  (7%) $98  (7%)
September 2,990 (7%) 17 (4%) 90 (6%) $99 (7%)
October 3,320 (8%) 40  (9%) 108  (8%) $107 (7%)
November 3,660 (8%) 46  (10%) 108  (8%) $114  (8%)
December 4,850 (11%) 52  (12%) 160 (11%) $160 (11%)
Total 43,870 (100%) 438 (100%) 1,426 (100%) $1,474 (100%)

Note: Figures exclude confined fires which are fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel,
trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so
exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and
loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest
ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Figures reflect a
proportional share of home fires with factor contributing to ignition listed as unknown, unreported, none, or blank, with allocations
done separately for non-confined and confined fires. Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Section 2. Electrical Distribution or Lighting Equipment

In 2009, an estimated 21,000 reported U.S. non-confined home structure fires involving
electrical distribution or lighting equipment resulted in 320 civilian deaths, 1,000 civilian
injuries, and $935 million in direct property damage.

As with other types of equipment cited as equipment involved in ignition, all that we know from
this designation is that the equipment provided the heat leading to ignition. That does not mean
that there was electrical or any other type of failure or malfunction. For example, a hot light bulb
might have been too close to combustibles.

Electrical distribution or lighting equipment accounted for 6% of 2005-2009 home structure
fires, ranking fourth among major causes behind cooking equipment, heating equipment, and
intentional. Electrical distribution or lighting equipment also accounted for 15% of associated
civilian deaths (ranking behind smoking materials and heating equipment, and tied with cooking
equipment), 8% of associated civilian injuries (ranking fifth), and 12% of associated direct
property damage (ranking third).

Figure 2.1. Home Fires Involving
Electrical Distribution or Lighting Equipment, by Year
Structure Fires Reported to U.S. Fire Departments
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Source: Data from NFIRS (Version 5.0 after 1998) and NFPA survey. Note: See Note in Table 2.1.

The national estimates in this report are derived from data reported to the U.S. Fire
Administration’s National Fire Incident Reporting System (NFIRS). Fires declined by about
one-third from 1980 to 1998. (See Figure 2.2 and Table 2.1.) Version 5.0 of NFIRS, introduced
in 1999, contained numerous changes in data categories, definitions, and rules. After the
transition period of 1999-2001, when Version 5.0 of the U.S. Fire Administration’s National Fire
Incident Reporting System (NFIRS) was being phased in, the estimates settled into a level about
one-half lower than the levels of the late 1990s, a larger decline than would have been expected
if the 1980-1998 trend had continued unchanged. Associated losses also showed large declines
coinciding with the shift to NFIRS Version 5.0.

NFIRS Version 5.0 introduced six types of “confined fires” — fires confined to fuel burner or
boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor — for which
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detailed reporting is not required. Estimates of detailed characteristics for confined fires involve
a large share of unknowns and so involve less confidence. In 2005-2009, an average of 400
home structure confined fires per year involved electrical distribution or lightning equipment.
They add only 1.8% to non-confined fires and less than 1.0% to any measure of associated loss.
Therefore, no analyses in this section include confined fires.

The report is organized around four major sub-groups of electrical distribution or lighting
equipment:
e Wiring and related equipment from power supply to outlet or switch. The following
types of equipment are included:
> Wiring
> Meters and meter boxes
» Overcurrent protection equipment
» Outlets, receptacles, and switches
e Lamps, light fixtures, light bulbs, and signs
e Cords and plugs
e Transformers and power supplies, including surge protectors

There are also two minor equipment groups, which account for too few fires to support more
detailed analysis:

e Electric fences

e Lightning rods and lightning arresters (normally called surge arresters)

Table 2.A. Home Fires Involving Electrical Distribution or Lighting Equipment,
by Major Equipment Group
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments
(Excluding Fires Reported as Confined Fires)

Civilian Civilian Direct Property Damage
Major Equipment Group Fires Deaths Injuries (in Millions)
Wiring and related equipment 14,320 (61%) 186 (47%) 389  (40%) $463  (56%)
Lamps, light fixtures, and 5000 (21%) 57 (15%) 254 (26%) $199 (24%)
light bulbs
Cords and plugs 2,710 (12%) 134 (34%) 228  (24%) $100 (12%)
Transformers and power 1,360 (6%) 15 (4%) 95 (10%) $59  (7%)
supplies
Electric fences 10 (0%) 0 (0%) 1 (0%) $1  (0%)
Lightning rods and arresters 10 (0%) 0 (0%) 0 (0%) $0  (0%)
Total 23,420 (100%) 392 (100%) 967 (100%) $822 (100%)

Note: Figures exclude fires reported as confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or
commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments and so exclude fires reported
only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty and loss projections can be
heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the nearest ten, civilian deaths and
injuries to the nearest one, and direct property damage to the nearest million dollars. Damage has not been adjusted for inflation.
Figures reflect a proportional share of home fires with equipment involved in ignition unknown or recorded as electrical distribution or
lighting equipment of undetermined type. Fires reported as “no equipment” but lacking a confirming specific heat source (codes 40-99)
are also treated as unknown equipment and allocated. Totals may not equal sums because of rounding error.

Source: Data from NFIRS and NFPA survey.
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Wiring and related equipment accounted for most (61%) 2005-2009 home structure fires
involving electrical distribution or lighting equipment.

See Table 2.A. Lamps, light fixtures, and signs accounted for 21% of these fires. Cords and
plugs accounted for only 12% of the fires but for 34% of associated deaths (and 24% of injuries),
compared to 47% of deaths associated with wiring and related equipment.

Nearly three-fourths (73%) of 2005-2009 non-confined home structure fires involving
electrical distribution or lighting equipment cited factors contributing to ignition that are
electrical failures or malfunctions.

Leading mechanical or electrical factors with specific detail include short circuit arc from
defective or worn insulation (10% of fires), arc from faulty contact or broken conductor (4%),
and short circuit arc from mechanical damage (3%). (See Table 2.2.)

The majority of 2005-2009 non-confined home structure fires involving electrical
distribution or lighting equipment began with ignition of products and materials often
found in structural areas, including wire or cable insulation (31%0), structural member or
framing (15%), insulation within structural area (6%), and exterior wall covering (5%b).
Leading items first ignited for fire deaths involving these types of equipment were wire or cable
insulation (25%), upholstered furniture (12%), structural member or framing (8%), mattress or
bedding (8%), floor covering (5%), and unclassified furniture or utensil (5%). (See Table 2.3.)

One-third (31%o) of deaths in 2005-2009 non-confined home structure fires involving
electrical distribution or lighting equipment resulted from fires that began in a living room,
family room, or den.

Leading areas of origin for fire incidents include both those identified with specific living areas —
e.g., bedroom (18%), living room, family room, or den (9%), kitchen (6%), and unclassified
function area (4%) — and those identified as structural or exterior areas — e.g., attic or ceiling/roof
assembly or concealed space (10%), wall assembly or concealed space (8%), exterior wall
surface (5%), ceiling/floor assembly or concealed space (4%), crawl space or substructure space
(4%), and garage (4%). (See Table 2.4.)

Three out of five (60%) deaths in 2005-2009 home structure non-confined fires involving
electrical distribution or lighting equipment involved victims who were outside the area of
origin when injured.

This compares to 46% of the fatal victims being outside the area of origin when injured for all
home struc6ture fire deaths. Table 2.5 provides details on victim location when injured and when
fire began.

Table 2.6 provides an overview of victim activity when injured. Relative to all 2005-2009 home
structure fire deaths, the fatal victims of 2005-2009 home structure fires involving electrical
distribution or lighting equipment were more likely to be attempting to escape (41% vs. 35%),
more likely to be attempting to fight the fire (9% vs. 3%), and less likely to have been sleeping
(30% vs. 35%).

® For more information on victim characteristics for home fires in general, see Jennifer D. Flynn, Characteristics of Home Fire Victims, NFPA
Fire Analysis and Research Division, March 2010.
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This is despite the fact that 2005-2009 home structure fire deaths involving electrical distribution
or lighting equipment show the same kind of night time peak as do 2005-2009 home structure
fire deaths of all causes. (See Figure 2.2 and Table 2.7.)

Figure 2.2. Non-Confined Home Fires and Deaths Involving
Electrical Distribution or Lighting Equipment, by Time of Day, 2005-2009
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Source: Data from NFIRS Version 5.0 and NFPA survey. Note: See Note on Table 2.8.
Figure 2.3. Non-Confined Home Fires and Deaths Involving
Electrical Distribution or Lighting Equipment, by Month, 2005-2009
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Home structure fires involving electrical distribution or lighting equipment, in 2005-2009,
showed a winter peak similar to that for heating equipment but less pronounced.

Figure 2.3 and Table 2.8 show this pattern. Note that in winter, not only are the days and nights
colder, but also more of the day is dark. A longer period of time requiring lighting each day,
combined with increased demands from heating equipment, some of which are electric-powered,
all help to explain this peak.

Electrical distribution and lighting equipment dwelling fires have been shown to increase
in frequency with increasing dwelling age.’

When studies show higher fire risk generally for older homes, it is usually because the studies
have not controlled for the risk levels associated with occupants. Statistically, older homes have
a higher proportion of occupants who are poor or have other risk factors. NFPA’s annual study
of variations in state fire death rates is one of the few studies of risk factors where the statistical
link between older homes and higher-risk occupants is broken.? This is because several states
(like Vermont and Connecticut) have large shares of older, expensive homes with affluent
occupants. In that study, age of housing has a small or no statistical correlation with fire death
risk. See a more extended and detailed discussion about the age of home and its electrical
system vs. fire risks in the electrical failure or malfunction section of this report.

In 1999 to 2010, 589 people died of non-fire injuries from unvented carbon monoxide from
generators, or 49 deaths per year.’

Fueled equipment to generate electricity is the only type of electrical distribution or lighting
equipment that can produce carbon monoxide. (Fueled lighting devices are not included in the
scope of this report.)

The death toll from carbon monoxide produced by generators has increased sharply in recent
years until 2007, from less than 10 per year on average in 1999 and prior years to 19 per year in
2000-2001, 47 per year in 2002-2004, peaking at 89 per year in 2005-2006, then falling to 52 per
year in 2007-2009, and down to 29 in 2010.

The large jump in deaths involving generators in 2000 may reflect the fact that roughly half the
total generators in use in 2000 had been purchased in 1999 because of concerns over Y2K (year
2000) problems with the nation’s power grid.*® This meant a large number of generator users
had no experience in safe generator use. Disasters like Hurricane Katrina and a series of Florida
hurricanes have added to the demand for generators and probably added to the number of
inexperienced users.

The U.S. Consumer Product Safety Commission examined the circumstances of the 591 non-fire
carbon monoxide generator deaths (including two deaths where other equipment was being used
as a generator) in 1999-2010. One-eighth (76 deaths) occurred in temporary shelters.

" Linda E. Smith and Dennis McCoskrie, “What causes wiring fires in residences?” Fire Journal, January/February 1990, Volume 84,
Number 1. The title cites wiring, but the study includes the other major types of electrical distribution and lighting equipment.

8 John R. Hall, Jr., U.S. Unintentional Fire Death Rates, by State, NFPA Fire Analysis and Research Division, Quincy, MA, October 2011.

® Matthew V. Hnatov, Incidents, deaths and in-depth investigations associated with non-fire carbon monoxide from engine-driven generators
and other engine-driven tools, 1999-2010, U.S. Consumer Product Safety Commission, July 2011, accessed at Www.cpsc.gov.

19 bortanle Generators, U.S. Consumer Product Safety Commission, May 20, 2004, accessed at Www.CpSC.gov.
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Of the 503 deaths where the reason for generator use was known:

e 35% involved generator usage because of a weather-related power outage (34%) or
because of preparation for a coming storm (1%),

e 34% involved generator usage because power had been shut off because of non-payment
(21%) or because power had not been turned on in a building still under construction
(13%),

e 27% involved generator use in either a building that does normally have power (8%) or a
property separate from the main housing unit (20%), such as a storage shed, trailer, boat,
camper, cabin, or campsite, and

e 4% involved generator use in a power outage due to unknown reasons.

In 2003-2007, eight types of electrical distribution or lighting equipment accounted for an
average of 13.8 electrocution deaths per year.*

Two types of lighting equipment averaged 4.8 electrocution deaths. Two types of cords
averaged 3.8 electrocution deaths. Three types of wiring averaged 3.6 electrocution deaths per
year. Electric fences averaged 1.6 deaths.

In 2010, an estimated 78,130 injuries involving electrical distribution or lighting equipment
were reported to hospital emergency rooms.*?

Half of these injuries involved lamps, light fixtures, or light bulbs. See Table 2.B. Note that
thermal burns can result from contact with hot objects as well as from fires.

Of the equipment groups identified in fire incident data, meters and meter boxes, transformers,
and electric fences do not appear to be identified separately in the coding of products involved in
hospital emergency room injuries. The injuries reported under the transformer and power
supplies category specifically involved batteries (86%), generators (11%), and battery chargers
(3%).

Table 2.B. Injuries Involving Electrical Distribution or Lighting Equipment,
Reported to Hospital Emergency Rooms, 2010

Type of Injury

Contusion Thermal
Equipment Total Laceration or Abrasion Burn
Lamps, light fixtures, and light bulbs 39,220  (50%) 17,950 (77%) 5560 (50%) 2,400 (89%)
Transformers and power supplies 14,990 (19%) 990 (4%) 1,430 (13%) 220 (8%)
Cords and plugs 14,180  (18%) 1,860  (8%) 3,300  (30%) 80  (3%)
Wiring and related equipment 9,530 (12%) 2,620 (11%) 790 (7%) 10 (0%)
Lightning rods and arresters 210 (0%) 0 (0%) 10 (0%) 0 (0%)
Total electrical distribution and lighting 78,130 (100%) 23,410 (100%) 11,090 (100%) 2,700 (100%)

equipment

Source: CPSC’s National Electronic Injury Surveillance System.

1 Matthew V. Hnatov, 2007 Electrocutions Associated with Consumer Products, U.S. Consumer Product Safety Commission, November 2010,

accessed at WwWw.cpsc.gov.
12 wstatistics from National Electronic Injury Surveillance System (NEISS) data obtained from the U.S. Consumer Product Safety Commission
(CPSC) website, www.cpsc.gov.
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Safety Tips

e Home electrical safety begins with NFPA 70, National Electrical Code® and related
documents with special relevance to homes, notably NFPA 73, Electrical Inspection
Code for Existing Dwellings. However, work on home electrical distribution or lighting
equipment should only be conducted by someone qualified as an electrician. When you
are buying, selling or remodeling a home, have it inspected by a professional electrician.

e Call a qualified electrician or landlord if you have

recurring problems with blowing fuses or tripping circuit breakers,
a tingling feeling when you touch an electrical appliance,
discolored or warm wall outlets,

a burning smell or rubbery odor coming from an appliance,
flickering lights,

sparks from an outlet,

cracked or broken outlets.

YVVVYVYYVYY

o Keep lamps, light fixtures, and light bulbs away from anything that can burn, including
lamp shades, furniture, bedding, curtains, clothing, and flammable or combustible gases
and liquids.

e Never place clothing over a lamp or a cloth over a light bulb.

e Place lamps away from where people and pets walk or where things might fall against
them.

e Use light bulbs that match the recommended wattage on the lamp or fixture.

If a fuse blows or a circuit breaker trips often, find out why and correct the problem.
Replace fuses with the proper rating for the circuit they protect.

Never replace a fuse with a higher rated fuse.

If the problem continues, call an electrician.

e Only plug one heat-producing appliance (such as a coffee maker, toaster, space heater,
etc.) into a receptacle outlet at a time.

e Never plug a major appliance into an extension cord.

e Buy only appliances that have the label of a recognized testing laboratory.

e Replace cracked electrical cords. If you have older cords with cloth covering, check for
fraying as well, and replace any frayed cords.

e Pinching cords against walls or furniture or running them under carpets or across
doorways can cause a fire.

e Use extension cords for temporary wiring only.

e Consider having additional circuits or receptacles added by a qualified electrician.

e Receptacle outlets and switches should have wall plates to prevent shocks.

e Homes with young children should have tamper-resistant electrical receptacles.

e If an appliance is malfunctioning, unplug it if it is safe to do so. If necessary, cut off
power by unscrewing a fuse or turning off the circuit breaker.
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e Arc fault circuit interrupters (AFCIs) are a type of circuit breaker that shuts off electricity
when a dangerous arcing condition occurs. Consider having them installed in your home.
Use a qualified electrician.

e Ground fault circuit interrupters (GFCIs) reduce the risk of shock.
e Test AFCIs and GFCls once a month to make sure they are working properly.

e Keep ladders at least 10 feet away from overhead power lines including the electrical
service into your home.

¢ Never touch a power line. Stay at a safe distance — you could be electrocuted.
e Report downed power lines to authorities.
e Some power lines are underground. Call your local utility before digging.
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Table 2.1. Home Fires Involving Electrical Distribution or Lighting Equipment, by Year
Structure Fires Reported to U.S. Fire Departments
(Excluding Fires Reported as Confined Fires)

Civilian Civilian Direct Property Damage (in Millions)

Year Fires Deaths Injuries As Reported In 2009 Dollars
1980 68,400 520 1,650 $493 $1,286
1981 62,300 550 1,500 $459 $1,082
1982 60,900 410 1,820 $519 $1,153
1983 56,700 500 1,570 $548 $1,180
1984 54,800 440 1,520 $549 $1,132
1985 56,500 470 1,400 $720 $1,435
1986 54,300 720 1,420 $597 $1,170
1987 51,600 520 1,580 $512 $967
1988 53,400 440 1,720 $715 $1,298
1989 47,900 610 1,500 $642 $1,112
1990 47,400 440 1,540 $683 $1,123
1991 49,000 350 1,890 $958* $1,508*
1992 46,400 400 1,770 $617 $944
1993 48,900 420 1,900 $818 $1,215
1994 48,300 460 1,640 $714 $1,034
1995 47,200 490 1,650 $775 $1,091
1996 47,000 470 1,560 $839 $1,149
1997 46,600 350 1,580 $865 $1,156
1998 44,500 360 1,370 $843 $1,111
1999 34,800 180 530 $806 $1,038
2000 26,600 120 1,130 $631 $786
2001 26,200 440 1,030 $717 $869
2002 22,700 170 700 $593 $708
2003 19,200 320 600 $698 $815
2004 19,400 290 840 $623 $708
2005 20,800 500 1,060 $858 $943
2006 25,100 370 840 $776 $826
2007 25,200 270 1,050 $663 $685
2008 24,700 510 880 $964 $960
2009 21,000 320 1,000 $935 $935

* All 1991 home fire property damage figures are inflated by estimation problems related to the handling of the Oakland fire storm.

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as confined to
fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national estimates of fires reported to
U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are
projections. Casualty and loss projections exclude fires reported only to Federal or state agencies or industrial fire brigades. Fires are rounded to the
nearest hundred, civilian deaths and civilian injuries are expressed to the nearest ten, and property damage is rounded to the nearest million dollars.
Fires, deaths, and injuries are rounded more on this table than on any other in the report, because otherwise, most of the entries shown would have
four significant places, and that would suggest an unreasonably high degree of precision. Figures reflect a proportional share of home fires with
equipment involved in ignition unknown or reported as electrical distribution or lighting equipment of undetermined type. Fires reported as “no
equipment” but lacking a confirming specific heat source (codes 40-99) are also treated as unknown equipment and allocated. Because of low
participation in NFIRS Version 5.0 during 1999-2001, estimates for those years are highly uncertain and must be used with caution. Inflation
adjustment to 2009 dollars is done using the consumer price index.

Source: Data from NFIRS (Version 5.0 after 1998) and NFPA survey.
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Table 2.2. Home Fires Involving Electrical Distribution or Lighting Equipment,
by Factor Contributing to Ignition
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Factor Fires Deaths Injuries Damage (in Millions)
Unclassified electrical failure or malfunction 6,980 (30%) 99  (25%) 229 (24%) $293 (36%)
Unspecified short circuit arc 5,790 (25%) 83 (21%) 211 (22%) $215  (26%)
Short circuit arc from defective or worn 2,410 (10%) 49  (13%) 99 (10%) $57  (7%)
insulation
Heat source too close to combustibles 2,110 (9%) 11 (3%) 126 (13%) $80  (10%)
Arc from faulty contact or broken conductor 1,000 (4%) 8 (2%) 40  (4%) $28  (3%)
Equipment overloaded 820 (3%) 26 (7%) 52 (5%) $28  (3%)
Unclassified mechanical failure or malfunction 730  (3%) 11 (3%) 28 (3%) $22  (3%)
Short circuit arc from mechanical damage 680 (3%) 40 (10%) 22 (2%) $21  (3%)
Arc or spark from operating equipment 560  (2%) 9 (2%) 36  (4%) $26  (3%)
Unclassified misuse of material 470  (2%) 9 (2%) 39  (4%) $16  (2%)
Installation deficiency 410 (2%) 21 (5%) 20  (2%) $19  (2%)
Worn out 360  (2%) 4 (1%) 16 (2%) $8  (1%)
Unclassified factor 310  (1%) 20 (5%) 7 (1%) $16  (2%)
Equipment unattended 280 (1%) 3 (1%) 15  (2%) $17  (2%)
Storm 280  (1%) 3 (1%) 6 (1%) $11  (1%)
Water caused short circuit arc 270  (1%) 0 (0%) 7 (1%) $7 (1%)
Collision, knockdown, or turnover 230  (1%) 6 (2%) 26 (3%) $8  (1%)
Unintentionally turned on or not turned off 170  (1%) 0 (0%) 6  (1%) $7 (1%)
Animal 170  (1%) 0 (0%) 3 (0%) $3  (0%)
Equipment not being operated properly 160 (1%) 6 (2%) 11 (1%) 39 (%)
High wind 130  (1%) 0 (0%) 3 (0%) $7 (1%)
Fluorescent light ballast 130  (1%) 0 (0%) 3 (0%) $3  (0%)
Unclassified operational deficiency 130  (1%) 0 (0%) 10  (1%) $4  (0%)
Other known factor contributing to ignition 930 (4%) 40 (10%) 73 (8%) $35  (4%)
Total fires 23,420 (100%) 392 (100%) 967 (100%) $822 (100%)
Total factor entries 25,480 (109%) 447 (114%) 1,091 (113%) $937 (114%)
All electrical failures or malfunction 17,180 (73%) 277 (71%) 615 (64%) $615 (75%)

* The leading factor contributing to ignition for fire deaths not shown above is construction deficiency (7% of deaths).

Note: Multiple entries are allowed, resulting in more factor entries than fires. Figures exclude combined fires, which are not considered
relevant to these types of equipment, because these are fires reported as confined to fuel burner or boiler, chimney or flue, cooking
vessel, trash, incinerator, or commercial compactor. These are national estimates of fires reported to U.S. municipal fire departments
and so exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are projections. Casualty
and loss projections can be heavily influenced by the inclusion or exclusion of one unusually serious fire. Fires are rounded to the
nearest ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Damage has not
been adjusted for inflation. Figures reflect a proportional share of home fires with equipment involved in ignition unknown or recorded
as electrical distribution or lighting equipment of undetermined type. Fires reported as “no equipment” but lacking a confirming specific
heat source (codes 40-99) are also treated as unknown equipment and allocated. Home structure fires with this equipment and factor
contributing to ignition listed as unknown, unreported, none, or blank have also been allocated proportionally. Totals may not equal
sums because of rounding error.

Source: Data from NFIRS Version 5. and NFPA survey.
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Table 2.3. Home Fires Involving Electrical Distribution or Lighting Equipment,
by Item First Ignited
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Item First Ignited Fires Deaths Injuries Damage (in Millions)
Wire or cable insulation 7,380 (31%) 98 (25%) 255 (26%) $189  (23%)
Structural member or framing 3,580 (15%) 33 (8%) 78  (8%) $174  (21%)
Insulation within structural area 1,360 (6%) 13 (3%) 11 (1%) $30  (4%)
Exterior wall covering 1,190 (5%) 6 (1%) 23 (2%) $60  (7%)
Interior wall covering 1,030 (4%) 18 (5%) 45  (5%) $33  (4%)
Mattress or bedding 960  (4%) 30 (8%) 79  (8%) $35  (4%)
Unclassified item first ignited 770  (3%) 3 (1%) 18  (2%) $24  (3%)
Clothing 750  (3%) 3 (1%) 48 (5%) $24  (3%)
Unclassified structural component or finish 740  (3%) 18 (5%) 13 (1%) $21  (3%)
Floor covering 680  (3%) 20  (5%) 38  (4%) $25  (3%)
Upholstered furniture 520 (2%) 49 (12%) 75 (8%) $28  (3%)
Ceiling covering 460  (2%) 5 (1%) 16 (2%) $19  (2%)
Appliance housing or casing 440  (2%) 0 (0%) 13 (1%) $12  (1%)
Unclassified furniture or utensil 430  (2%) 20  (5%) 22 (2%) $18  (2%)
Cabinetry 290  (1%) 5 (1%) 19  (2%) $13  (2%)
Multiple items first ignited 280  (1%) 3 (%) 22 (2%) $15  (2%)
Unclassified soft goods or clothing 270 (1%) 3 (1%) 28  (3%) $9 (1%)
Curtain or drape 220 (1%) 3 (1%) 12 (1%) $10  (1%)
Linen other than bedding 190 (1%) 5 (1%) 12 (1%) $3  (0%)
Flammable or combustible gas or liquid 180 (1%) 16 (4%) 48  (5%) 39  (1%)
Light vegetation including grass 180 (1%) 0 (0%) 0 (0%) $7 (1%)
Box or bag 170 (1%) 3 (1%) 21 (2%) $12 (1%)
Papers 150  (1%) 3 (1%) 15 (2%) $8  (1%)
Exterior roof covering 130  (1%) 0 (0%) 0 (0%) $6  (1%)
Other known item 1,090 (5%) 36  (9%)* 57  (6%) $39  (5%)
Total fires 23,420 (100%) 392 (100%) 967 (100%) $822 (100%)

* The leading item first ignited for fire deaths not shown above is Christmas tree (6% of deaths).

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced by the inclusion or exclusion
of one unusually serious fire. Fires are rounded to the nearest ten, civilian deaths and injuries to the nearest one, and direct property
damage to the nearest million dollars. Damage has not been adjusted for inflation. Figures reflect a proportional share of home fires
with equipment involved in ignition unknown or recorded as electrical distribution or lighting equipment of undetermined type. Fires
reported as “no equipment” but lacking a confirming specific heat source (codes 40-99) are also treated as unknown equipment and
allocated. Home structure fires with this equipment and item first ignited unknown have also been allocated proportionally. Totals may
not equal sums because of rounding.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 2.4. Home Fires Involving Electrical Distribution or Lighting Equipment,
by Area of Origin
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property
Area of Origin Fires Deaths Injuries Damage (in Millions)
Bedroom 4,310 (18%) 75 (19%) 283  (29%) $159  (19%)
Attic or ceiling/roof assembly or 2,410 (10%) 32 (8%) 17 (2%) $85 (10%)
concealed space
Living room, family room, or den 2,050 (9%) 123  (31%) 186 (19%) $82  (10%)
Wall assembly or concealed space 1,800 (8%) 21 (5%) 30  (3%) $47  (6%)
Kitchen 1,400  (6%) 16  (4%) 56  (6%) $40  (5%)
Exterior wall surface 1,230 (5%) 2 (1%) 25  (3%) $25  (3%)
Ceiling/floor assembly or concealed space 1,010 (4%) 11 (3%) 18  (2%) $41  (5%)
Unclassified function area 980  (4%) 35  (9%) 57  (6%) $36  (4%)
Crawl space or substructure space 950  (4%) 11 (3%) 38  (4%) $36  (4%)
Garage* 890  (4%) 2 (1%) 38 (4%) $80  (10%)
Laundry room 760  (3%) 13 (3%) 18 (2%) $17  (2%)
Bathroom 690  (3%) 2 (1%) 34 (4%) $13  (2%)
Closet 580  (2%) 6 (2%) 25  (3%) $20  (2%)
Unclassified structural area 370 (2%) 9  (2%) 7 (1%) $17  (2%)
Exterior balcony or unenclosed porch 360  (2%) 2 (1%) 8 (1%) $16  (2%)
Unclassified storage area 340 (1%) 0 (0%) 14 (1%) $12  (1%)
Unclassified equipment or service area 280 (1%) 6 (1%) 7 (1%) $8  (1%)
Unclassified outside area 270  (1%) 2 (1%) 4 (0%) $6  (1%)
Conduit, pipe, utility, or ventilation shaft 240  (1%) 0 (0%) 3 (0%) $3  (0%)
Unclassified area 240  (1%) 4 (1%) 7 (1%) $5  (1%)
Heating equipment room 230 (1%) 0 (0%) 7 (1%) $5  (1%)
Storage room, area, tank, or bin 190 (1%) 0 (0%) 18  (2%) $5  (1%)
Lobby or entrance way 160  (1%) 2 (1%) 4 (0%) $4  (0%)
Courtyard, terrace or patio 150 (1%) 4  (1%) 7 (1%) $10  (1%)
Office 140 (1%) 0 (0%) 5  (1%) $8  (1%)
Exterior roof surface 140  (1%) 0 (0%) 3 (0%) $4  (0%)
Hallway or corridor 130 (1%) 2 (1%) 5 (1%) $2  (0%)
Switchgear area or transformer vault 120 (1%) 0 (0%) 0 (0%) $3  (0%)
Tool or supply storage room or area 120  (1%) 0 (0%) 3 (0%) $4  (0%)
Other known area of origin 890  (4%) 11 (3%) 40  (4%) $29  (4%)
Total fires 23,420 (100%) 392 (100%) 967 (100%) $822 (100%)

* Excludes garage reported as separate property.

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced by the inclusion or exclusion
of one unusually serious fire. Fires are rounded to the nearest ten, civilian deaths and injuries to the nearest one, and direct property
damage to the nearest million dollars. Damage has not been adjusted for inflation. Figures reflect a proportional share of home fires
with equipment involved in ignition unknown or recorded as electrical distribution or lighting equipment of undetermined type. Fires
reported as “no equipment” but lacking a confirming specific heat source (codes 40-99) are also treated as unknown equipment and
allocated. Home structure fires with this equipment and area of origin unknown have also been allocated proportionally. Totals may not
equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 2.5. Civilian Deaths and Injuries in
Home Fires Involving Electrical Distribution or Lighting Equipment,
vs. All Home Fires by Victim Location
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

A. Victim Location When Injured
Home Electrical Distribution

or Lighting Equipment Fires All Home Fires
Civilian Civilian Civilian Civilian
Victim Location When Injured Deaths Injuries Deaths Injuries
In area of origin 154  (39%) 529  (55%) 53% 66%
Outside area of origin but n building of origin 234 (60%) 358 (37%) 46% 28%
Outside building of origin 4 (1%) 80 (8%) 1% 6%
Total 392 (100%) 967 (100%) 100% 100%

B. Victim Location at Ignition
Home Electrical Distribution

or Lighting Equipment Fires All Home Fires

Civilian Civilian Civilian Civilian

Victim Location When Injured Deaths Injuries Deaths Injuries

In area of origin and not involved 50 (13%) 218 (23%) 2% 24%
Not in area of origin and not involved 138 (35%) 307 (32%) 21% 24%
Not in area of origin but involved 110 (28%) 175 (18%) 39% 14%
In area of origin and involved 94  (24%) 268 (28%) 39% 38%
In area of origin 144  (37%) 486 (50%) 40% 25%
Not in area of origin 248  (63%) 482 (50%) 60% 75%
Involved in ignition 204  (52%) 443 (46%) 78% 63%
Not involved in ignition 188  (48%) 524 (54%) 22% 27%
Total 392 (100%) 967 (100%) 100% 100%

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty projections can be heavily influenced by the inclusion or exclusion of one
unusually serious fire. Home fire casualties involving indicated equipment with victim location unknown have been proportionally
allocated. Figures reflect a proportional share of home fires with equipment involved in ignition unknown or recorded as electrical
distribution or lighting equipment of undetermined type. Fires reported as “no equipment” but lacking a confirming specific heat source
(codes 40-99) are also treated as unknown equipment and allocated. Casualties with this equipment involved in ignition but victim
location unknown have been proportionally allocated. Totals may not equal sums because off rounding error. Civilian deaths and
injuries are estimated to the nearest one.

Source: Data from NFIRS Version 5.0 and NFPA survey.

Home Electrical Fires, 1/12 29 NFPA Fire Analysis & Research, Quincy, MA



Table 2.6. Civilian Deaths and Injuries in
Home Fires Involving Electrical Distribution or Lighting Equipment,
vs. All Home Fires, by Victim Activity When Injured
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Home Electrical Distribution

or Lighting Equipment Fires All Home Fires

Civilian Civilian Civilian Civilian
Victim Location When Injured Deaths Injuries Deaths Injuries
Attempting to escape 160 (41%) 285 (30%) 35% 25%
Sleeping 116 (30%) 129 (13%) 35% 12%
Attempting to fight fire 33 (9%) 306 (32%) 3% 36%
Unable to act 32 (8%) 16  (2%) 11% 2%
Attempting rescue 30 (8%) 70  (7%) 2% 7%
Irrational act 9 (2%) 11 (1%) 6% 3%
Returning to vicinity of fire 6 (2%) 88  (9%) 3% 7%
Unclassified activity 5 (1%) 62 (6%) 5% 8%
Total 392 (100%) 967 (100%) 100% 100%

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty projections can be heavily influenced by the inclusion or exclusion of one
unusually serious fire. Figures reflect a proportional share of home fires with equipment involved in ignition unknown or recorded as
electrical distribution or lighting equipment of undetermined type. Fires reported as “no equipment” but lacking a confirming specific
heat source (codes 40-99) are also treated as unknown equipment and allocated. Fires with this equipment involved but activity
unknown have been proportionally allocated. Totals may not equal sums because off rounding error. Civilian deaths and injuries are
estimated to the nearest one.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 2.7. Home Fires Involving Electrical Distribution or Lighting Equipment,
by Time of Day
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property Damage
Time Fires Deaths Injuries (in Millions)
Midnight—  1:59 am 1,510  (6%) 41 (10%) 87  (9%) $62  (8%)
2:00- 3:59 am 1,350  (6%) 47  (12%) 88  (9%) $62  (8%)
4:00— 5:59 am 1,200 (5%) 82 (21%) 80 (8%) $49  (6%)
6:00— 7:59 am 1,500  (6%) 58 (15%) 78  (8%) $59  (7%)
8:00- 9:59 am 1,760  (8%) 25  (6%) 85  (9%) $70  (8%)
10:00- 11:59 am 2,050  (9%) 24 (6%) 79  (8%) $69  (8%)
Noon-  1:59 pm 2,190  (9%) 4 (1%) 61  (6%) $68  (8%)
2:.00- 3:59 pm 2,350 (10%) 2 (1%) 56  (6%) $82  (10%)
4:00— 5:59 pm 2,420 (10%) 9 (2%) 76  (8%) $65  (8%)
6:00— 7:59 pm 2,580 (11%) 25  (6%) 97 (10%) $75  (9%)
8:00—- 9:59 pm 2,530 (11%) 33 (8%) 90  (9%) $95 (12%)
10:00 - 11:59 pm 1,990  (9%) 41 (10%) 89  (9%) $66  (8%)
Total 23,420 (100%) 392 (100%) 967 (100%) $822 (100%)

Note: Figures exclude combined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced by the inclusion or exclusion
of one unusually serious fire. Fires are rounded to the nearest ten, civilian deaths and injuries to the nearest one, and direct property
damage to the nearest million dollars. Figures reflect a proportional share of home fires with equipment involved in ignition unknown or
recorded as electrical distribution or lighting equipment of undetermined type. Fires are rounded to the nearest hundred and civilian
deaths to the nearest one. Fires reported as “no equipment” but lacking a confirming specific heat source (codes 40-99) are also treated
as unknown equipment and allocated. Totals may not equal sums because of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Table 2.8. Home Fires Involving Electrical Distribution or Lighting Equipment, by Month
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

Civilian Civilian Direct Property Damage
Month Fires Deaths Injuries (in Millions)
January 2,290 (10%) 36 (9%) 109  (11%) $82 (10%)
February 1,920  (8%) 46 (12%) 76 (8%) $69 (8%)
March 2,040  (9%) 72 (18%) 96 (10%) $67 (8%)
April 1,820  (8%) 26 (7%) 71 (7%) $65 (8%)
May 1,730  (7%) 38 (10%) 59  (6%) $62 (8%)
June 1,820  (8%) 22 (6%) 77 (8%) $56 (7%)
July 1,940  (8%) 22 (6%) 57  (6%) $63 (8%)
August 1,940 (8%) 14 (4%) 80 (8%) $57 (7%)
September 1,630  (7%) 25 (6%) 76 (8%) $51 (6%)
October 1,700  (7%) 27 (T%) 90 (9%) $79 (10%)
November 1,950  (8%) 26 (7%) 82  (9%) $67 (8%)
December 2,630 (11%) 40  (10%) 94  (10%) $104 (13%)
Total 23,420 (100%) 392 (100%) 967 (100%) $822  (100%)

Note: Figures exclude combined fires, which are not considered relevant to these types of equipment, because these are fires reported as
confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national
estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial
fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced by the inclusion or exclusion
of one unusually serious fire. Figures reflect a proportional share of home fires with equipment involved in ignition unknown or
recorded as electrical distribution or lighting equipment of undetermined type. Fires are rounded to the nearest ten, civilian deaths and
injuries to the nearest one, and direct property damage to the nearest million dollars. Fires reported as “no equipment” but lacking a
confirming specific heat source (codes 40-99) are also treated as unknown equipment and allocated. Totals may not equal sums because
of rounding error.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Section 3. Wiring and Related Equipment

In 2009, an estimated 13,080 reported U.S. non-confined home structure fires involving wiring
and related equipment resulted in 113 civilian deaths, 438 civilian injuries, and $558 million in
direct property damage.
Wiring and related equipment include the following groups and types of electrical distribution
equipment located after power supplies through the outlet, receptacle or switch that channels power to
an appliance or other powered device:
e Wiring
» Branch circuit wiring
> Power (utility) wiring
> Electrical service supply wiring
» Wiring from meter box to service
e Outlets, receptacles, and switches
» QOutlet or receptacle
»  Wall switch
e Panelboard or switchboard for circuit breakers or fuses
e Meter or meter box
e Ground fault circuit interruptor (GFCI)

The newest type of protection device — arc fault circuit interrupter (AFCI) — is not separately identified
among the choices for equipment involved in ignition. GFCIs and AFCls are triggered by different
conditions from those that activate conventional circuit breakers. Conventional fuses and circuit
breakers activate when too much current is flowing through the circuit. AFCIs activate when they
detect a low but irregular electrical current, indicating current is leaking out of the circuit, possibly
into adjacent combustible material. AFCIs have more of an effect in preventing fire ignitions, while
GFCls have more of an effect in preventing electric shock.

Figure 3.1. Home Fires Involving Wiring and Related Equipment, by Year
Structure Fires Reported to U.S. Fire Departments
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Source: Data from NFIRS Version 5.0 and NFPA survey. Note: See Note on Table 3.1.
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Fires involving wiring and related equipment declined by more than one-third from 1980 to 1998.
After the transition period of 1999-2001, when NFIRS Version 5.0 was being phased in, the estimates
for 2003-2005 were roughly one-half lower than the levels of the late 1990s, a much larger decline
than would have been expected if the 1980-1998 trend had continued unchanged. Some of the sharp
decline after 1998 may be due to the changes in data categories, definitions, and rules introduced in
NFIRS Version 5.0 rather than a decline in the real size of this fire problem. (See Figure 3.1 and
Table 3.1.)

Wiring and related equipment accounted for 61% of 2005-2009 non-confined structure fires involving
electrical distribution or lighting equipment, as well as 47% of associated civilian deaths, 40% of
associated civilian injuries, and 56% of associated direct property damage.

Two-fifths (43%) of the 2005-2009 reported non-confined home structure fires involving wiring
and related equipment involved unclassified wiring.

Because such a large share of these fires and associated losses are unclassified, the numbers and
percentages for every specific type of equipment are probably severely understated. Comparisons
within a group are not a problem. For example, note that the number of fires declines for wiring as
one moves from inside the house along the wiring network toward the connections to the utility poles
outside the house.

Table 3.A. Home Fires Involving Wiring and Related Equipment, by Specific Type of Equipment
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments
(Excluding Fires Reported as Confined Fires)

Civilian Civilian Direct Property
Type of Equipment Fires Deaths Injuries Damage (in Millions)
Unclassified wiring 6,100 (43%) 93  (50%) 165 (42%) $192  (41%)
Outlet or receptacle 2,500 (17%) 15 (8%) 86 (22%) $78 (17%)
Branch circuit wiring 1,910 (13%) 41 (22%) 42 (11%) $74  (16%)
Panelboard or switchboard 1,280 (9%) 20 (11%) 30  (8%) $34 (7%)
for fuses or circuit breakers
Electrical service supply wiring 740 (5%) 5 (3%) 22 (6%) $23 (5%)
Meter or meter box 580  (4%) 3 (2%) 8 (2%) $13 (3%)
Wiring from meter box to 490 (3%) 5 (3%) 11 (3%) $29 (6%)
service
Power (utility) line 470  (3%) 5 (2%) 15  (4%) $12 (3%)
Wall switch 210  (1%) 0 (0%) 10 (2%) $5 (1%)
Ground fault circuit interrupter 30 (0%) 0 (0%) 1  (0%) $3 (1%)
(GFCI)
Total 14,320 (100%) 186 (100%) 389 (100%) $463  (100%)

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires
reported as confined to fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These
are national estimates of fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state
agencies or industrial fire brigades. National estimates are projections. Casualty and loss projections can be heavily influenced
by the inclusion or exclusion of one unusually serious fire. Damage has not been adjusted for inflation. Fires are rounded to the
nearest ten, civilian deaths and injuries to the nearest one, and direct property damage to the nearest million dollars. Figures
reflect a proportional share of home fires with equipment involved in ignition unknown or recorded as electrical distribution or
lighting equipment of undetermined type. Fires reported as “no equipment” but lacking a confirming specific heat source (codes
40-99) are also treated as unknown equipment and allocated. Totals may not equal sums because of rounding.

Source: Data from NFIRS Version 5.0 and NFPA survey.
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Six of seven (86%0) of 2005-2009 non-confined home structure fires involving wiring and related
equipment involved electrical failures or malfunctions as a factor contributing to ignition.

The two leading specific factors contributing to ignition were unclassified electrical failure or
malfunction (33%) and unspecified short circuit arc (30%). These two leading factors lack details on
the nature of the failure. The leading mechanical or electrical factors contributing to ignition with
details were short circuit arc from defective or worn insulation (13%), arc from faulty contact or
broken conductor (6%), and short circuit arc from mechanical damage (4%). Factors contributing to
ignition are shown in the tables for all wiring and related equipment and for leading specific types of
equipment. (See Table 3.2.)

Nearly two-fifths (37%) of 2005-2009 non-confined home structure fires involving wiring and
related equipment began with ignition of wire or cable insulation.

Other leading items first ignited were structural member or framing (21%), insulation within structural
area (7%), exterior wall covering (5%), and interior wall covering (5%). (See Table 3.3.)

The areas of origin for 2005-2009 non-confined home structure fires involving wiring and
related equipment are fairly evenly divided between concealed or exterior spaces and normally
occupied spaces.

The leading areas of origin that are concealed or exterior spaces were attic or ceiling/roof assembly or
concealed space (14%), wall assembly or concealed space (12%), exterior wall surface (6%), crawl
space or substructure space (5%), and ceiling/floor assembly or concealed space (5%). The leading
areas of origin that are normally occupied spaces were bedroom (13%), kitchen (7%), living room,
family room, or den (6%), laundry room or area (4%), unclassified function area (3%), garage (3%),
and bathroom (3%).

In 2010, an estimated 9,530 injuries involving wiring and related equipment were reported to
hospital emergency rooms.*®

This group of equipment specifically accounted for 2,620 laceration injuries and 1,470 electrical burn
injuries. (See Table 3.B.)

Table 3.B. Injuries Involving Wiring and Related Equipment
Reported to Hospital Emergency Rooms, 2008

Type of Injury

Electric
Equipment Total Laceration Burn
Outlet, receptacle, or switch 4,500 660 1,190
Wiring 4,130 1,520 270
Panelboard or switchboard for circuit breakers or fuses 910 430 20
Total 9,530 2,620 1,470

Source: CPSC’s National Electronic Injury Surveillance System.

In 2003-2007, three types of wiring averaged 3.6 electrocution deaths per year.**

13 Statistics from National Electronic Injury Surveillance System (NEISS) data obtained from the U.S. Consumer Product Safety Commission
(CPSC) website, www.cpsc.gov.
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Household wiring averaged 1.8 deaths, outdoor wiring averaged 0.6 deaths, and miscellaneous wiring
averaged 1.2 deaths.

Safety Tips

Home electrical safety begins with NFPA 70, National Electrical Code®, and related
documents with special relevance to homes, notably NFPA 73, Electrical Inspection Code for
Existing Dwellings. However, work on home electrical distribution or lighting equipment
should only be conducted by someone qualified as an electrician. When you are buying,
selling, or remodeling a home, have it inspected by a professional electrician.

Call a qualified electrician or your landlord if you have

recurring problems with blowing fuses or tripping circuit breakers,

a tingling feeling when you touch an electrical appliance,

discolored or warm wall outlets,

a burning smell or rubbery odor coming from an appliance,

flickering lights,

sparks from an outlet,

cracked or broken outlets.

VVVVVYYVYY

Outlets, Receptacles, and Switches

Consider having additional circuits or receptacles added by a qualified electrician.
Receptacle outlets and switches should have wall plates to prevent shocks.
Homes with young children should have tamper-resistant electrical receptacles.

Circuit Breakers, Fuses, Overcurrent Protection, GFCls, AFCls

Replace fuses with the proper rating for the circuit they protect.

Never replace a fuse with a higher rated fuse.

Only plug one heat-producing appliance (such as a coffee maker, toaster, space heater, etc.)
into a receptacle outlet at a time.

If an appliance is malfunctioning, unplug it if it is safe to do so. If necessary, cut off power by
unscrewing a fuse or turning off the circuit breaker.

Arc fault circuit interrupters (AFCIs) are a type of circuit breaker that shuts off electricity when
a dangerous arcing condition occurs. Consider having them installed in your home. Use a
qualified electrician.

Ground fault circuit interrupters (GFCIs) reduce the risk of shock.

Test AFCIs and GFCIs once a month to make sure they are working properly.

Power Lines

Keep ladders at least 10 feet away from overhead power lines including the electrical
service into your home.

Never touch a power line. Stay at a safe distance — you could be electrocuted.
Report downed power lines to authorities.

Some power lines are underground. Call your local utility before digging.

14 Matthew V. Hnatov, 2007 Electrocutions Associated with Consumer Products, U.S. Consumer Product Safety Commission, November 2010,
accessed at WWw.cpsc.gov.
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Table 3.1. Home Fires Involving Wiring and Related Equipment, by Year
Structure Fires Reported to U.S. Fire Departments
(Excluding Fires Reported as Confined Fires)

Civilian Civilian Direct Property Damage (in Millions)

Year Fires Deaths Injuries As Reported In 2009 Dollars
1980 38,520 265 673 $307 $802
1981 34,900 317 666 $261 $615
1982 35,220 161 721 $316 $702
1983 32,880 268 683 $330 $710
1984 32,300 173 659 $338 $696
1985 33,230 272 604 $385 $768
1986 31,570 325 554 $365 $716
1987 29,410 296 734 $295 $557
1988 30,550 257 725 $439 $798
1989 27,030 343 564 $393 $680
1990 26,820 149 594 $391 $643
1991 28,820 130 701 $568* $894*
1992 26,580 205 762 $363 $555
1993 27,970 138 726 $402 $597
1994 27,440 255 652 $409 $593
1995 26,600 301 685 $449 $632
1996 26,150 206 634 $495 $677
1997 25,380 177 709 $484 $647
1998 24,960 190 577 $485 $639
1999 18,950 61 105 $416 $536
2000 14,260 41 243 $308 $385
2001 14,750 174 507 $411 $498
2002 12,310 45 254 $314 $374
2003 10,120 124 183 $354 $414
2004 10,380 117 360 $331 $376
2005 11,730 190 381 $452 $497
2006 15,000 135 392 $448 $476
2007 15,790 143 446 $328 $340
2008 15,760 390 285 $595 $593
2009 13,080 113 438 $558 $558

* All 1991 home fire property damage figures are inflated by estimation problems related to the handling of the Oakland fire storm.

Note: Figures exclude confined fires, which are not considered relevant to these types of equipment, because these are fires reported as confined to
fuel burner or boiler, chimney or flue, cooking vessel, trash, incinerator, or commercial compactor. These are national estimates of fires reported to
U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. National estimates are
projections. Casualty and loss projections exclude fires reported only to Federal or state agencies or industrial fire brigades. Fires are rounded to the
nearest ten, civilian deaths and civilian injuries are expressed to the nearest one, and property damage is rounded to the nearest million dollars. Fires,
deaths, and injuries are rounded more on this table than on any other in the report, because otherwise, most of the entries shown would have four
significant places, and that would suggest an unreasonably high degree of precision. Figures reflect a proportional share of home fires with equipment
involved in ignition unknown or reported as electrical distribution or lighting equipment of undetermined type. Fires reported as “no equipment” but
lacking a confirming specific heat source (codes 40-99) are also treated as unknown equipment and allocated. Because of low participation in NFIRS
Version 5.0 during 1999-2001, estimates for those years are highly uncertain and must be used with caution. Inflation adjustment to 2009 dollars is
done using the consumer price index.

Source: Data from NFIRS (Version 5.0 after 1998) and NFPA survey.
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Table 3.2. Home Fires Involving Wiring and Related Equipment, by Factor Contributing to Ignition
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

A. All Wiring and Related Equipment

Civilian Civilian Direct Property Damage
Factor Fires Deaths Injuries (in Millions)

Unclassified electrical failure or 4,780 (33%) 53 (29%) 125 (32%) $185 (40%)
malfunction

Unspecified short circuit arc 4350 (30%) 33 (18%) 116 (30%) $152 (33%)

Short circuit arc from defective or 1,790 (13%) 24 (13%) 53 (14%) $41  (9%)
worn insulation

Arc from faulty contact or broken 850  (6%) 8 (4%) 29 (8%) $21  (5%)
conductor

Short circuit arc from mechanical 510 (4%) 20 (11%) 9 (2%) $14  (3%)
damage

Unclassified mechanical failure or 430 (3%) 11  (6%) 12 (3%) $10  (2%)
malfunction

Arc or spark from operating 330  (2%) 0 (0%) 14 (4%) $17  (4%)
equipment

Equipment overloaded 320  (2%) 6 (3%) 10 (3%) $9 (2%)

Installation deficiency 260 (2%) 18 (10%) 15 (4%) 39 (2%)

Storm 250  (2%) 3 (2%) 6 (2%) 39  (2%)

Worn out 240  (2%) 0 (0%) 8 (2%) $6  (1%)

Water caused short circuit arc 210  (1%) 0 (0%) 7 (2%) $5  (1%)

Heat source too close to combustibles 160  (1%) 0 (0%) 5 (1%) $9 (2%)

Unclassified misuse of material 140  (1%) 0 (0%) 7 (2%) $4  (1%)

Unclassified factor 140  (1%) 0 (0%) 2 (0%) $6  (1%)

High wind 110  (1%) 0 (0%) 3 (%) $6  (1%)

Leak or break 90 (1%) 0 (0%) 7 (2%) $2  (0%)

Other known factor contributing to 480 (3%) 32 (17%)* 14 (3%) $14  (3%)
ignition

Total fires 14,320 (100%) 186 (100%) 389 (100%) $463 (100%)

Total factor entries 15,440 (108%) 208 (112%) 442 (114%) $521 (113%)

All electrical failures or malfunctions 12,360 (86%) 133 (72%) 331 (85%) $410 (89%)

* The leading factor contributing to ignition for fire deaths not shown above is construction deficiency (15% of deaths).

Note: See detailed notes and source information at end of table.

Home Electrical Fires, 1/12 38 NFPA Fire Analysis & Research, Quincy, MA



Table 3.2. Home Fires Involving Wiring and Related Equipment, by Factor Contributing to Ignition (Continued)
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

B. Unclassified Wiring

Civilian Civilian Direct Property Damage
Factor Fires Deaths Injuries (in Millions)

Unclassified electrical failure or 2,340 (38%) 24 (26%) 60 (36%) $84 (44%)
malfunction

Unspecified short circuit arc 1,640 (27%) 7 (8%) 52 (31%) $57 (30%)

Short circuit arc from defective 920 (15%) 15 (16%) 25 (15%) $22 (12%)
or worn insulation

Arc from faulty contact or broken 250  (4%) 5 (5%) 8 (5%) $5 (3%)
conductor

Unclassified mechanical failure or 230  (4%) 0 (0%) 3 (2%) $7 (3%)
malfunction

Short circuit arc from mechanical 190 (3%) 13 (14%) 0 (0%) $6 (3%)
damage

Arc or spark from operating 120  (2%) 0 (0%) 5 (3%) $3 (2%)
equipment

Worn out 100 (2%) 0 (0%) 2 (%) $4 (2%)

Equipment overloaded 100  (2%) 0 (0%) 2 (1%) $2 (1%)

Installation deficiency 90 (2%) 5 (6%) 0 (0%) $4 (2%)

Heat source too close to 80  (1%) 0 (0%) 3 (2%) $2 (1%)
combustibles

Storm 60 (1%) 0 (0%) 5 (3%) $1 (1%)

Unclassified factor 60 (1%) 0 (0%) 2 (1%) $3 (2%)

Unclassified misuse of material 60 (1%) 0 (0%) 4 (2%) $2 (1%)

Water caused short circuit arc 60 (1%) 0 (0%) 0 (0%) $0 (0%)

Other known factor contributing to 230 (4%) 27 (29%)* 6  (4%) $9 (5%)
ignition

Total fires 6,100 (100%) 93 (100%) 165 (100%) $192  (100%)

Total factor entries 6,530 (107%) 96 (103%) 175 (106%) $212  (110%)

All electrical failures and 5310 (87%) 64 (69%) 144 (87%) $168 (88%)

malfunctions

* The leading factor contributing to ignition for fire deaths not shown above is construction deficiency (26% of deaths).

Note: See detailed notes and source information at end of table.
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Table 3.2. Home Fires Involving Wiring and Related Equipment, by Factor Contributing to Ignition (Continued)
Annual Average of 2005-2009 Structure Fires Reported to U.S. Fire Departments

C. Outlet or Receptacle

Civilian Civilian Direct Property
Factor Fires Deaths Injuries Damage (in Millions)

Unspecified short circuit arc 810 (33%) 9 (60%) 21  (25%) $28  (37%)

Unclassified electrical failure 740 (30%) 8 (54%) 22 (25%) $31  (39%)
or malfunction

Short circuit arc from defective or 210 (9%) O (0%) 10 (11%) $6  (7%)
worn insulation

Arc from faulty contact or broken 210 (B8%) O (0%) 7 (8%) $6  (7%)
conductor

Equipment overloaded 100 (4%) O (0%) 6 (7%) $3  (4%)