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PATH (Partnership for Advancing Technology in Housing) is a new private/public effort to develop, demon-
strate, and gain widespread market acceptance for the “Next Generation” of American housing. Through 
the use of new or innovative technologies the goal of PATH is to improve the quality, durability, environ-
mental efficiency, and affordability of tomorrow’s homes. 

Initiated at the request of the White House, PATH is managed and supported by the Department of 
Housing and Urban Development (HUD). In addition, all Federal Agencies that engage in housing research 
and technology development are PATH Partners, including the Departments of Energy and Commerce, as 
well as the Environmental Protection Agency (EPA) and the Federal Emergency Management Agency 
(FEMA). State and local governments and other participants from the public sector are also partners in 
PATH. Product manufacturers, home builders, insurance companies, and lenders represent private indus-
try in the PATH partnership. 

To learn more about PATH, please contact: 

PATH 
Suite B 133 
451 7th Street SW 
Washington, DC 20410 
202-708-4250 (fax) 
e-mail: pathnet@pathnet.org 
website: www.pathnet.org 

DISCLAIMER 
The statements and conclusions contained in this report are those of Steven Winter Associates, Inc. and 
do not necessarily reflect the views of the Department of Housing and Urban Development. Steven Winter 
Associates, Inc. has made every effort to verify the accuracy and appropriateness of the report’s content. 
However, no guarantee of the accuracy or completeness of the information or acceptability for compliance 
with any industry standard or mandatory requirement of any code, law, or regulation is either offered or 
implied. The products listed in the report are included only as examples of some available products. No 
endorsement, recommendation, or evaluation of these products or their use is given or implied. 
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F O R E W O R D  
President Clinton recognizes that research and technological innovation are crucial if America is to meet 
its affordable housing needs. In 1998, the President introduced a major new initiative: The Partnership for 
Advancing Technology in Housing (PATH). This initiative brings together leaders from the home building, 
product manufacturing, insurance, and financial industries, as well as representatives from federal agen-
cies, to spur housing design and construction innovations. 

Thanks to the development of new machinery and materials and the creation of new technolo-
gies and techniques, the construction industry has made great progress. But a breakthrough material, a 
labor-saving tool, or a cost-cutting technique is only valuable if it is widely adopted, which means the con-
struction industry must first become aware of these new developments. 

The Department of Housing and Urban Development can help. We have commissioned a set of 
guidebooks that will present state-of-the-art techniques, materials, and technologies for housing rehabil-
itation. This volume, Electrical/Electronics, is the seventh of nine guidebooks—known collectively as The 
Rehab Guide. 

We are presenting these guidebooks because, like research and technological innovation, hous-
ing rehabilitation is an essential component of America’s commitment to provide affordable housing. I am 
pleased to present this important publication in the hope that it will become a valuable resource that leads 
to affordable, high quality rehabilitation, and thus to better housing for all Americans. 

Andrew Cuomo, Secretary 
U.S. Department of Housing and Urban Development 
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This series of guidebooks has been produced by the U.S. Department of Housing and Urban Development 
to keep the design and construction industry abreast of innovations and state-of-the-art practices in home 
rehabilitation. As is too often the case, innovative techniques, materials, technologies, and products are 
slow to make their way into accepted practice. It is evident that such innovations will not advance unless 
the industry is made aware of them and they are tested. The Rehab Guide is intended to accelerate this 
process by informing builders, architects, engineers, and other housing rehabilitation professionals about 
such innovations and state-of-the-art practices. 

The Rehab Guide was also prompted by the lack of a comprehensive publication to make the design 
and construction industry aware of innovative and cost-saving developments in housing rehabilitation. 
Professional trade magazines, conferences, and trade shows offer some dissemination of this information, but 
they are rarely focused exclusively on housing rehabilitation, as this series is, nor are they comprehensive. 

The focus of this series is on housing rehabilitation, which is different than home improvement. 
Rehabilitate means “to restore to good condition,” not necessarily to improve to a state that is significantly 
different than the original. This is a fine line, but it distinguishes this series from “home improvement” 
books written for the amateur. The Rehab Guide focuses on building technology, materials, components, 
and techniques rather than “projects” such as adding a new room, converting a garage into a den, or 
finishing an attic. Nor is The Rehab Guide intended to be a “diagnostic” tool; a number of such books are 
already available to the industry. 

The content for this guidebook, Electrical/Electronics, has been gathered from professionals in 
the housing rehabilitation field; manufacturers and suppliers of innovative technologies, materials, com-
ponents, tools, and equipment; trade shows, conferences, reports, and publications considering such 
issues; trade organizations; and building research centers. 

A NOTE ON SOURCES 

A variety of excellent resources exists for information on electrical and electronics for homes. Old 
Electrical Wiring, published by McGraw-Hill, is an excellent book on wiring in existing homes and includes 
historical information and a resource section. Basic Wiring and Advanced Wiring, both published by 
Time-Life Books; Practical Electrical Wiring, published by McGraw-Hill; and Wiring a House, published 
by Taunton Press, are all comprehensive guides to wiring a house. The Old-House Journal Guide to 
Restoration, published by Dutton, provides a good history of wiring systems and tips for repair. Monthly 
publications of interest include the Energy Design Update, Environmental Building News, Journal of 
Light Construction, Home Energy, Old-House Journal, This Old House, and Traditional Builder. 

Helpful information is also accessible via the Internet. Most equipment manufacturers and 
monthly magazines have web sites where specific product information and past articles can be retrieved. 
The Department of Energy provides a wealth of information on energy conserving techniques and tech-
nologies at www.eren.doe.gov/consumerinfo/. 

LEAD PAINT HAZARD 

The hazard of lead paint in houses constructed before the 1980s is not discussed in the The Rehab Guide 
because there is extensive material available from HUD, the Environmental Protection Agency (EPA), and 
other sources. However, if you are a non-profit or rehab contractor rehabilitating pre-1978 housing for 
sale or rent, or if you are a homeowner rehabilitating a home for your own use, you are strongly urged to 
have the home tested for lead paint. This is especially critical if the home will be occupied by young chil-
dren. Very small amounts of lead in paint or dust can poison children if swallowed or inhaled, causing4 
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damage to the brain and other organs, resulting in health problems and reduced intelligence. If lead paint 
is found, it is critical that all rehabilitation be done very carefully to reduce the possibility of lead poison-
ing to you or your workers. Proper work practices will minimize the risk of spreading lead contamination 
and increasing occupant exposure. 

One of the best and most recent sources on this subject is the HUD publication, Lead Paint Safety: 
a Field Guide for Painting, Home Maintenance, and Renovation Work. Another good publication is the EPA 
brochure, “Reducing Lead Hazards When Remodeling Your Home.” Both can be obtained by calling the 
National Lead Information Center at 800-424-LEAD or by downloading from the web site of the HUD Office of 
Lead Hazard Control, www.hud.gov/lea. A very comprehensive source is the HUD publication, Guidelines for 
the Evaluation and Control of Lead-Based Paint Hazards in Housing, which gives guidance on controlling 
lead hazards, lead paint and rehab work, risk assessment, monitoring, inspections, resident and work site 
preparation, worker protection, and routine building maintenance. This publication is available through HUD-
User; you can also download a copy of this document from the HUD web site at: www.hud.gov:80/lea/learules.html. 

HUD has new regulations on lead-based paint hazards in federally owned housing and housing 
receiving federal assistance. If you will be using HUD funds for rehabilitation through grants, insurance, 
or other types of assistance, then there are protective procedures that must be followed. The Occupational 
Safety and Health Administration web site at www.osha.gov has information on worker protection require-
ments. In addition, many states and localities have their own rules regarding lead-based paint, which 
should be followed when undertaking rehabilitation. 

HOW THE GUIDE IS ORGANIZED 

Nine volumes make up The Rehab Guide in its entirety, and they are listed on the back cover of this vol-
ume. Each one is devoted to distinct elements of the house, and within each volume is a range of issues that 
are common to that element of home rehabilitation work. This volume covers topics from repair of exist-
ing light fixtures to fixing or replacement existing wiring, retrofitting for telephone/television/computer 
cabling, and security systems. Each volume addresses a wide range of techniques, materials, and tools, with 
recommendations based on regional differences around the country. Throughout The Rehab Guide, spe-
cial attention is given to issues related to energy efficiency, accessible design, and sustainability. 

The Rehab Guide is written and presented in a format intended for easy use. The spiral bound 
volumes open flat so that they can be easily photocopied, and they can be assembled and stored in a single 
three-ring binder. Within each volume, drawings, photos, and other graphic materials supplement written 
descriptions of a broad range of items: state-of-the-art and innovative building technology, products, mate-
rials, components, construction and management techniques, tools, equipment, software—virtually any 
and all items that make housing rehabilitation more efficient in terms of cost and time. While the content 
focuses on present technologies and techniques that are currently part of the house-building industry, The 
Rehab Guide also includes information on materials, products, and procedures from other construction 
sectors (such as commercial, industrial, institutional) that are relevant to housing rehabilitation. 

The information is organized in different sections according to rehab subjects, and under head-
ings that make this book easy to understand. “Essential Knowledge” gives the reader a basic overview of the 
important issues related to the section heading. Next, “Techniques, Materials, Tools” presents state-of-the-
art and innovative approaches to accomplishing the work. Each entry is explained in detail, including its 
advantages and disadvantages. This makes it easy for readers to compare approaches and choose the one 
that is most applicable to their particular project. By design, the “Techniques, Materials, Tools” section is 
an overview, not a detailed description of implementation. “Further Reading” lists the valuable resources 
relevant to the subject that readers can go to for more detailed information. Finally, “Product Information” 
provides names and addresses of manufacturers of products, materials, systems, and components men-
tioned in the text so that more information can be obtained. By virtue of their being listed here, such prod-
ucts are not necessarily being recommended; their existence and availability are being brought to the 
reader’s attention. New products should be carefully evaluated in the field as to their performance. The 
product lists are not necessarily comprehensive, and we encourage readers to bring new materials and prod-
ucts to our attention to be included in later editions of The Rehab Guide. 

5 



CHAPTER 2  Page 610:07 AM  8/4/00  

ESSENTIAL KNOWLEDGE 

Electrical systems that distribute power within a house must be safe, reliable, and efficient in the utiliza-
tion of power. Defects in the performance of the system can result in damage to sensitive electronic equip-
ment, electrical shocks, or fire. Recent studies by the Consumer Product Safety Commission reveal that 
fires of an electrical origin damage more than 400 homes a day, sometimes causing injury or death. 
Electronic detection devices such as carbon monoxide and smoke detectors are also important parts of 
the electrical system, and must be reliable to warn house occupants of hazardous conditions. 

This guide will provide an overview and a reference resource for information about electri-
cal/electronic systems, subsystems, and materials; a review of current theory in terms of performance of 
these systems; a discussion of new materials, techniques, or components that have recently been improved 
or that represent totally new product lines; and state-of-the-art practice and new standards in cabling for 
telephones, television, and computers. Because it is primarily about rehabilitation, this guide will cover 
retrofitting electrical systems to protect against hazardous situations. It will address problems with recep-
tacles and controls to wiring and light fixtures to security and detection devices. 

In comparison with other house systems, such as framing or plumbing, the electrical system is 
relatively new. From their infancy in homes a little over 100 years ago, electrical systems and materials have 
gone through significant transformations, all of which have contributed to improved safety. Most new prod-
uct developments today are in low voltage wiring for electronics, communications, and control systems. 

Because the electrical system in a home is old does not mean it needs to be replaced. Most older 
electrical systems or components of the system are “grandfathered” in, permitted to remain in place and 
continue to operate, unless the electrical inspector believes them to be unsafe. In remodeling, the general 
rule of thumb is: if it is touched, it must be brought up to code. 

Before beginning any electrical work, consult the National Electric Code (NEC), local building 
codes, and the local building code official. The NEC, first developed in 1897, is a model set of electrical 
safety requirements published by the National Fire Protection Association (NFPA) for building and insur-
ance inspectors and electrical contractors. It has no legal standing of its own. Most towns or jurisdictions 
simply adopt it, and are free to interpret or enforce it as they see fit. Some localities also add their own 
electrical code requirements. 

One of the requirements often found in the NEC is that appliances or equipment on an electrical 
circuit be “listed.” This means that the device has been certified by an independent testing laboratory. The 
function of an independent testing laboratory, such as Underwriter’s Laboratory (UL), is to perform tests 
on a product to make sure that it fulfills the manufacturer’s claims and that it is safe. Without certification, 
an installation may not pass the electrical inspection. In this case the field inspection service of a Nationally 
Recognized Testing Laboratory (NRTL) can perform a single unit investigation and certify the product. 
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FURTHER READING 

Caring for Your Historic House, Harriet Whelchel editor, Heritage Preservation, 1998. 
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1999. 

Home Repair and Improvement - Advanced Wiring, the editors of Time-Life Books, Alexandria, VA: 
Time-Life, 1998. 

Home Repair and Improvement - Basic Wiring, the editors of Time-Life Books, Alexandria, VA: Time-
Life,1994. 
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The Old-House Journal Guide to Restoration, Patricia Poore, editor, New York: Dutton, 1992. 

Practical Electrical Wiring, 17th Edition, Herbert P. Richter and W.Creighton Schwan, New York: 
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ESSENTIAL KNOWLEDGE 

A residential service panel serves two functions. It is a master switch that can cut off all of the power in 
the house, and it divides utility-supplied electrical power into branch circuits, which safely distribute 
power throughout a house. The wiring of each branch circuit is protected by a fuse or circuit breaker, 
which cuts off the power when a circuit is overloaded. Without adequate protection, overloaded wires heat 
up. This damages the wire’s insulation and may eventually lead to a fire. The National Electrical Code 
(NEC) lists the specific fuse/breaker size and the wire gauge that it is meant to protect. For example, 12 
and 14 gauge wire, which are commonly found in residences, require over-current protection of 20- and 
15-amps, respectively. 

There are several causes of circuit overloads. They may result from short circuits, ground faults, 
or appliances drawing more current than the rating of the fuse/circuit breaker (Figs.1, 2). A direct short 
circuit occurs when the hot and neutral wires are either directly or indirectly touching. A nail driven into 
the wires would cause this type of short circuit. A ground fault occurs when a hot wire touches a ground 
wire. An example is if the hot wire accidentally touches the grounded frame of a tool or appliance. 

A fuse uses a fusible link to protect the circuit. When overloaded the fusible link melts, opening up 
the circuit. There are two types of fuses: cartridge fuses and plug fuses. Cartridge fuses, which are no longer 
common in residences, can still be found in older homes. Circuit breakers use a two-part system to protect 
the circuit. For mild overloads, a bimetal strip heats up, bends backwards, and eventually trips the breaker. 
For severe short circuits an electromagnet helps bend the strip faster, providing an almost instantaneous 
response to the open circuit. In general, the higher the current, the faster the breaker trips. 
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FIGURE 1, 2 CIRCUIT BREAKER PANEL FUSE BOX 

Whereas standard circuit breakers and fuses are meant to protect the wiring of a house, the 
ground fault circuit interrupter (GFCI) is meant to protect life. There are two types of GFCIs available: cir-
cuit breakers and receptacles. The circuit breaker type (Fig. 3) was first introduced around 1968, which 
coincides with the year they were required by the NEC for underwater pool lights. Since then, the NEC has 
gradually required their use in more and more locations until today, where they are generally required in 
kitchens, bathrooms, garages, outdoors, and unfinished basements or crawlspaces (Fig. 4). A GFCI works 
by monitoring the current going to the load and comparing it with the current returning. If there is a dif-
ference between the two (up to four to six thousandths of an amp), current must be leaking out and the 



FIGURE 3, 4 GFCI CIRCUIT BREAKER GFCI RECEPTICLE 

GFCI will open the circuit. Therefore, if this leak is to the ground through a person holding a tool or appli-
ance, the GFCI will open the circuit in between 1/25 and 1/30 of a second. A person may still receive a 
shock, but it will last less than 1/30 of a second. 

Until the late-1950s, fuse boxes dominated the residential service panel market. Circuit breaker pan-
els were introduced around 1951 and became more popular, and by the 1960s circuit breaker panels sur-
passed fuse boxes in market share. Today, new residential fuse panels are difficult if not impossible to find. 

Service panels of older homes are often overloaded and require a service upgrade. Due to the 
increasing number of electrical devices used in today’s households, electrical demands have steadily 
increased. In the early 1900s houses were usually equipped with 15-amp and 20-amp services. As elec-
trical appliances became household necessities in the 1930s and ‘40s, 40-amp and 60-amp service 
became common. Today 100-amp service is the minimum required by code for new construction. 
Generally, if the existing service in a home is below 100 amps and additional circuits are required, the ser-
vice will have to be upgraded. This is especially true if the service to the house and panel are 120-volt, 
which cannot support an appliance requiring a 240-volt line, such as a clothes dryer. 

The service disconnect indicates the size of the existing service. If there is no service disconnect, a 
licensed electrician will have to determine the service by verifying the size of the service entrance wire and the 
rating of the panel itself. Signs that may indicate an overloaded service panel include a frequently failing main 
fuse or circuit breaker; no room left in the service panel for additional circuits; dual or half-size breakers 
installed where they shouldn’t be; two or more hot wires (each representing a circuit) connected to one 
fuse/breaker. Fuses that exceed the maximum amperage allowed (15-amp fuses replaced with 30-amp fuses) 
or lights dimming when such equipment as the furnace motor or refrigerator compressor turns on may also 
indicate an overloaded service panel or circuit. However, the best way to determine whether the existing ser-
vice panel or circuit is overloaded is to calculate the electrical loads according to NEC guidelines. 

Loose connections and corrosion are other common problems found in service panels that may 
require panel replacement. Corrosion can be a result of rain water entering the service panel by traveling 
along the service entrance cable (Fig. 5), or from the service panel being in a damp location. A drip loop 
or conduit weatherhead, along with proper sealants, will stop the former problem. The latter may require 
eliminating the source of moisture or relocating the service panel. Corrosion negatively affects the per-
formance of fuses and circuit breakers. Corroded fuse connections allow only partial voltage to be avail-
able to a circuit. Corroded circuit breakers create a fire hazard by increasing the amount of current 
required to trip a breaker. Loose fuse and circuit breaker connections also create a fire hazard by caus-
ing arcing, burning, and overheating of the over current protection device, and sometimes the entire ser-
vice panel. The smell of burnt insulation, a deformed bus bar, or the presence of heat can alert you to the 
presence of loose connections in the service panel. 
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TECHNIQUES, MATERIALS, TOOLS 

1. INSTALL NEW PANEL WITH GREATER CAPACITY. 
Installing a new service panel of greater amperage is the best, if not the only, practical solution available 
when the existing service panel is overloaded and the service needs to be increased. Where the existing 
panel is not overloaded but needs replacement, a larger panel should be considered, especially if future 
plans may require a service upgrade. To upgrade the power, an electrical construction permit will be 
required and the power company will have to be notified. The power company will remove the old meter 
before the old distribution panel is taken out, and restore power after the new panel is installed and has 
been inspected. In addition to a new service panel, the electric meter, weatherhead or underground con-
nection, and the cable, conduit, and wire that link these service components will also have to be upgraded. 
ADVANTAGES: Provides ample power for present and future needs. 
DISADVANTAGES: A costly solution because of a combination of labor, materials, and permitting fees. 
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FIGURE 5 SERVICE ENTRANCE CONFIGURATIONS 

FIGURE 6 HOME AUTOMATION PANEL 

2. INSTALL A HOME AUTOMATION-READY SERVICE PANEL. 
When a service panel needs replacement, a panel with provisions for a home automation system (Fig. 6) 
can be installed. Such systems centralize the control of many electrical elements, including security, light-
ing, and communication. They also allow the homeowner to take advantage of incentives provided by the 
energy supplier by monitoring and controlling energy use. For example, electric hot water heaters and air 
conditioners can be shut off when no one is home. Home automation systems start at around $2,000. For 
more information contact Cutler-Hammer about its Advanced Power Center™ Systems. 
ADVANTAGES: A home automation-ready service panel provides future flexibility at only a slightly higher 
cost than a standard load center. 
DISADVANTAGES: It is questionable whether real economic benefits now exist for installing a home 
automation system. 



3. INSTALL A NEW PANEL WITH SAME CAPACITY BUT MORE CIRCUITS. 
Generally speaking, residential service panels are available with anywhere from 8 to 40 circuits. Often, ser- 
vice panels will seem fully loaded because all the circuits are full. This is not always the case. If, after cal- 
culating the house loads, there is still electrical capacity available, it may be possible to replace the exist- 
ing service panel with a new panel containing more circuits but with the same rating. 
ADVANTAGES: Less costly than installing a higher rated service panel because less labor and fewer mate- 
rials are required. A construction permit may not be required because the work is considered a repair. 
DISADVANTAGES: This is an option only if service panel has additional capacity. This solution may not pro- 
vide adequate capacity for increased electrical demands in the future. 

4. INSTALL A SUBPANEL. 
This is usually used when bringing electricity to a remote location on a house or property. It can also be 
used to add more circuits to a service panel (Fig. 7). For instance, because fuse panels rarely have room 
for additional circuits, more circuits can be added by placing a subpanel next to the main fuse box. Before 
adding a subpanel, loads must be calculated to make sure that the main panel will not be overloaded by 
the additional circuits added. A typical subpanel is fed from the main panel with a service entrance style 
“R” (SER) or round cable and contains breaker positions for two to six circuits. The installation of a sub- 
panel may require approval by an electrical inspector prior to connecting the feeder to the main panel.  
ADVANTAGES: For remote wiring applications, it is easier to connect new circuits to a subpanel than to run 
them back to the main distribution panel. When additional circuits are required, it is also easier to install a 
subpanel next to the main panel than to install a new service panel with more circuits, but the same rating. 
DISADVANTAGES: SER cable is costly and may outweigh the cost of labor to run multiple circuit branch 
wires to the main service panel. Additionally, SER cable may be hard to find. This option is not available 
if the service panel is already at full electrical capacity. 

FIGURE 7 INSTALLING A SUBPANEL 

5. INSTALL A DUAL OR HALF-SIZED BREAKER. 
In older homes, it is often necessary to add additional outlets in rooms such as the kitchen for conve- 
nience and safety. As a result an additional circuit may be needed to accommodate these new outlets. If 
there is no room in the service panel for additional circuits, a dual or two half-sized breakers may be used 
to replace a full-sized single-pole breaker (Fig. 8). This is only possible if the existing service panel is 
designed to accommodate dual or half-sized breakers. Altering the panel to accommodate dual and half- 
sized breakers where they are not supposed to be is not only a code violation, but also a fire hazard.  
ADVANTAGES: Easiest and least costly way to add additional circuits to a service panel. 

11 



DISADVANTAGES: Not all service panels are designed to accommodate dual and half-sized breakers. 
Because of their small size these breakers can be difficult to install. This option is not available if the ser-
vice panel is already at full electrical capacity. 

FIGURE 8 SINGLE-POLE CIRCUIT BREAKERS 

6. INSTALL “TYPE S” ADAPTERS IN EXISTING FUSE SOCKETS. 
Although the code does not require Type S fuses to be used for existing fuse boxes, it should be consid- 
ered. All Edison-base fuses up to 30 amps are interchangeable. Therefore, nothing prevents a homeowner 
from substituting a 30-amp fuse for the 15-amp fuse that should be used. This defeats the purpose of the 
fuse and presents a severe fire hazard. To prevent overfusing, Type S fuses were developed. These fuses 
can only be used with adapters that are screwed into an ordinary Edison-base fuse holder. The 15-amp 
adapter accepts only a 15-amp fuse or smaller. Once these adapters are installed, they cannot be removed 
without damaging the fuse holder. 
ADVANTAGES: The use of Type S fuse adapter makes it nearly impossible to overfuse a circuit, and thus 
significantly reduces the risk of fire. 
DISADVANTAGES: Proper installation of Type S fuses requires that they be turned firmly to flatten out the 
spring under the shoulder of the fuses to make proper contact. 

7. INSTALL GROUND FAULT CIRCUIT BREAKER 
Replacing circuit breakers in good working order with GFCI circuit breakers is not required by most 
codes. However, because of the protection they provide, they should be installed in locations specified by 
the NEC. There are electrical devices that should not be protected by GFCIs, such as lighting, because a 
tripped circuit would leave a room dark. Freezers, refrigerators, sump pumps, and medical equipment are 

FIGURE 9 AFCI CIRCUIT BREAKER 



others. Even though the cost of a GFCI circuit breaker 2 is about seven times the cost of a standard breaker, 
most people would agree that this is a small price to pay for a device that may save a life. 
ADVANTAGES: A GFCI circuit breaker will protect all receptacles on a circuit. For outdoor circuits, a cir-
cuit breaker-type GFCI will outlast a receptacle-type, which is affected by moisture. 
DISADVANTAGES: Circuit breaker-type GFCIs are more costly than receptacle-type GFCIs. A circuit breaker-
type GFCI is less convenient than a receptacle-type because one has to go back to the main panel to reset 
the breaker, whereas the receptacle type is reset at the receptacle itself. The circuit breaker-type GFCI can-
not be used in old wiring systems that use shared neutrals; a receptacle-type GFCI should be used. 

8. INSTALL AN ARC FAULT CIRCUIT INTERRUPTER (AFCI). 
An AFCI is a newly introduced circuit breaker (Fig. 9) that detects electrical arcing by monitoring the wave 
form of the voltage. Arcing generates high intensity heat, and expels burning particles that can easily ignite 
combustible materials. Arc faults occur when electrical products or wires are damaged, aged, or improp-
erly used. An example is an extension cord that is repeatedly closed in a door, or a wire punctured by a 
nail or screw. Beginning 2001, the NEC will require that all bedrooms be protected with AFCIs. 
ADVANTAGES: Provides additional protection against the risk of fire. Provides great protection in old house 
wiring where the condition of the wiring insulation is uncertain. 
DISADVANTAGES: An AFCI is approximately eight times the cost of a standard breaker. It cannot be used 
in old wiring systems that use shared neutrals (see Section 4: Wiring and Receptacles). 

FURTHER READING 

“Panel Discussion: Assessing the Safety of Old-House Electric Panels,” Sam Roberts, Old-House Journal, 
January/February 1996. 

“The Electric Panel,” Rex Cauldwell, Journal of Light Construction, October 1993. 

PRODUCT INFORMATION 

Cutler-Hammer, Pittsburgh PA; 800-525-2000; Advanced Power Center™ System; www.cutler-hammer.com. 

Square D Company, 1415 South Roselle Road, Palatine, IL 60067; 847-397-2600; www.squared.com. 

Siemens Energy & Automation, 3333 Old Milton Parkway, Alpharetta GA 30005; 770-751-2000; 
www.siemens.com/en/home. 

GE Electrical Distribution and Control, 41 Woodford Avenue, Plainville, CT 06062; 860-747-7111; 
www.ge.com/indsys/components/serventrance.htm. 

The Electrical Outlet, 800-227-5731 (obsolete breakers and other equipment). 

Romac, 805-323-0896 (obsolete breakers and other equipment). 
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WIRING OVERVIEW 
ESSENTIAL KNOWLEDGE 

Wire provides the means by which electrical current is conveyed from the point of generation to the point 
of use. Wire types include transmission wires, service wires, branch circuit wiring, extension cords, and 
appliance power cords. This chapter focuses on the rehabilitation of residential branch circuit wiring. 

Wire is sized according to the amperage it is designed to carry. Codes specify the maximum cur-
rent-carrying capacity that is safe for different size wires. Wire diameter sizes are measured using the 
American Wire Gauge (AWG) system. In this system the bigger the number, the smaller the wire diameter. 
For example, No. 14 wire, which is commonly used for general service wiring in a house, is larger than 
No. 16. A problem in older houses is determining the size of existing wiring. Although the Code requires 
wire sizes be continually marked on the wire insulation, it is often illegible. If this is the case, a wire gauge 
or wire samples should be used to determine wire size. 

Both sizes and composition of wiring systems have changed over the years. Knob-and-tube was the 
first widely used electrical system, prevalent from the 1890s to 1920. Knob-and-tube is a two-wire system in 
which nonconducting porcelain knobs hold wire 1” off the surface of studs and joists; porcelain tubes pro-
tect wire where it penetrates framing or crosses other wire. Electrical connections were not required to be 
made in an electrical enclosure. One wire was wrapped around the other and then the joint was soldered 
and taped. Wires that terminated in outlets and switches were protected with a tube of woven fabric called 
loom. This system contained no ground and the outlets were not polarized. 

Less expensive than knob-and-tube, raceways made of wooden molding were used from about 
1900 to the 1930s when they became illegal. In this system, wood moldings carried two or three wires in 
a grooved strip that was attached to the wall, and covered with a cap. This system had two major flaws: 
wood is quite combustible and homeowners mistaking the molding for picture molding would drive nails 
through it and the wires. If wooden molding raceways are encountered in rehab work they should be 
removed. Metal raceways, once considered to be moldings, were first recognized by the National Electrical 
Code in 1907, and are still used today. 

The development of Greenfield—flexible-steel conduit for holding wires—in the late 1890s 
made it easier to snake conduit into walls and floors of houses. The flexibility was accomplished by wrap-
ping galvanized steel strips into a tube (Fig.1). The next development was armored cable or Type AC (also 
called by its tradename “BX”) where wires were bound in a continuous spiral of galvanized metal. 
Although it was recognized by the NEC in 1899, Type AC use did not become widespread until 1920, and 
it did not achieve major popularity until the late-1920s. Early armored cable contained no ground; the 
armor itself was used as a ground. Safety was significantly improved in 1959 when the NEC required that 
all armored cable contain a slender aluminum bonding strip as a ground. Moisture plagued all these 
wiring products. In damp locations, rust would deteriorate the insulation and eventually lead to a ground 
fault. This problem was solved with the introduction of vinyl insulation after 1940. 
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Nonmetallic sheathed cable (Fig. 1) or Type NM was first recognized by the NEC in 1926. This 
cable consisted of two rubber insulated conductors sheathed in cloth. In 1928, the NEC required that 
ground conductors be installed in NM cable, however in some jurisdictions ungrounded NM continued to 
be used until the mid-1960s. After World War II the conductor insulation changed from rubber to plastic; 
the transition from cloth to plastic sheathing was completed in the early-‘60s. 

The most common problems found in residential electrical systems are loose or broken con-
nections and deteriorated insulation. Usually loose or broken connections occur in electrical enclosures, 
and can easily be repaired. Knob-and-tube is the exception to this because wire splices occur inside walls. 
Deteriorated insulation, which is found in many older electrical systems, may not be as easily repaired. 
Deteriorating insulation has several causes, including the age and type of the insulation used, and its expo-
sure to air, heat, or moisture. Rubber, the standard wiring insulation before 1930, has a life expectancy of 
about 25 years. Because rubber deteriorates rapidly in open air, most of this exposed wiring will be 
extremely brittle and potentially hazardous. In contrast, insulation on wiring in conduit or armored cable 
may only be cracking where it leaves the enclosure to make connections to switches or outlets. Exposure 
to the excessive heat from overloaded wires, or a wall or ceiling mounted light fixture, can cook wiring 
insulation, making it brittle. Wires that are overloaded will also stress the conductor, making it more likely 
to break. Old wiring insulation exposed to moisture should be replaced. 
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FIGURE 1 ELECTRICAL CABLE TYPES 

TECHNIQUES, MATERIALS, TOOLS 

1. REWIRE THE ELECTRICAL SYSTEM. 
Rewiring a house or specific circuit is the safest way to solve existing wiring problems such as deterio-
rated insulation, stressed conductors, and overloaded circuits. However, it may not always be necessary. 
The trick to rewiring is to get wires to where they are needed while disturbing the walls and ceilings as lit-
tle as possible. In general, to get wires from one location to another, a fish tape is used to pull wires 
through wall and ceiling cavities. For tips on rewiring, refer to “Rewiring Old Homes” on the Journal of 
Light Construction web page: www.jlconline.com/. 
ADVANTAGES: Rewiring is the safest solution for wiring that is in poor condition. 
DISADVANTAGES: Rewiring is labor intensive and can be very costly. 

2. INSTALL WIRING RACEWAYS 
Raceways provide a simple way to rewire or add a circuit (Fig. 2). In this system, base pieces are attached to 
walls or floors, wires are laid in the base, protective U-shaped wire clips are set over them at 12” intervals, 
and the covers are snapped on (Fig. 3). They are attached to either the service panel or an outlet with the use 
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of special adapters. Raceways are available in metal or PVC, the latter of which is available in white or wood 
laminate versions. Models are available that also encase both electrical and communication wires (Fig. 4). 
ADVANTAGES: Significantly less costly than snaking wires through existing wall and ceiling cavities; acces-
sible for future changes; locations of outlets and jacks can be easily changed. Outlets, jacks, and switches 
of some models are located inside the raceway channel, not in full-sized obtrusive boxes. 
DISADVANTAGES: May not be acceptable aesthetically. 

FIGURE 2, 3 PVC MULTI-CHANNEL RACEWAYS 

FIGURE 4 ELECTRICAL & COMMUNICATION WIRING RACEWAY 

3. REPAIR INSULATION. 
Crumbling insulation may often be repaired with one of several techniques: insulating varnish can be 
applied over old rubber insulation; heat-shrink tubing can be installed; bare wires can be wrapped with 
electrical tape. Where there is enough slack in armored cable, cutting 12” off the armor to expose wire 
with good insulation is another solution. If there is not enough slack, the cable can be cut back 12”, a 
junction box installed, and a new armored cable spliced in. 
ADVANTAGES: Significantly less costly than rewiring; can add years to the life of the existing electrical system. 
DISADVANTAGES: Solutions may not be acceptable to local code officials; a temporary fix. Installation of a 
new junction box may not be aesthetically acceptable. 

16 
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FURTHER READING 

“Working with Old Wiring,” David E. Shapiro, Fine Homebuilding, December/January 1999, pp. 112-
115. 

“Plug-In Electrical Testers,” Rex Cauldwell, Journal of Light Construction, December 1995. 

“Rewiring Old Houses,” Sean Kenney, Journal of Light Construction, April 1999. 

“Upgrading Kitchen Wiring,” Sean Kenny, Journal of Light Construction, May 1997. 

PRODUCT INFORMATION 

Carlon, 25701 Science Park Drive, Cleveland, OH 44122; 800-322-7566 (surface raceways moldings). 

Wiremold Company, 60 Woodlawn Street, West Hartford, CT 06110; 800-621-0049; www.wiremold.com 
(surface raceways moldings). 

ALUMINUM WIRING 
ESSENTIAL KNOWLEDGE 

When the price of copper soared in the early 1960s, manufacturers responded by making residential elec-
trical wires out of aluminum. Between 1962 and 1972, nearly 2 million homes were wired with aluminum, 
and many of these have not been upgraded. The hazard with aluminum wiring arises from two types of cor-
rosion: 1) the connection of dissimilar metals, and 2) the oxidation of exposed aluminum. Both increase 
the electrical resistance of the wiring, making it hotter when in use and therefore a fire hazard. Also, 
because aluminum expands and contracts significantly more from changing temperatures than copper, 
unless all connections are made very tightly, the wiring may pull loose as a result of the heat of resistance. 

Aluminum wiring can be identified by the dull gray color of the wire or by “AL” on the sheath-
ing. Receptacles and outlets used with aluminum wiring must be marked “OC/ALR,” which are designed 
to prevent contact between dissimilar materials. Warning signs of problems include: warm cover plates, 
devices that fail to work for no apparent reason, and strange odors or smoke. 

TECHNIQUES, MATERIALS, TOOLS 

There are three basic ways of correcting aluminum wiring: 

1. REPLACE EXISTING WIRING. 
The safest way to eliminate the fire hazard potential of aluminum wiring is to remove all of the aluminum 
wire and install new copper wire. It may be possible to use the existing wire as a guide to bring a new 
cable through the wall. If not, the wire will have to be snaked. This will be difficult if all wiring is enclosed 
in finished walls and ceilings. 
ADVANTAGES: This fix eliminates the fire hazard potential of aluminum wiring connections in its entirety. 
DISADVANTAGES: Rewiring an entire house is costly. 

2. SPLICE WIRE USING AMP COPALUM CONNECTORS. 
A more practical method for reducing the fire hazard potential of aluminum wiring connections is by splic-
ing or “pigtailing” a short length of copper wire to each aluminum wire using an AMP COPALUM connec-
tor and heat shrink tubing system. It is applied using special tooling and is only available with installation 
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by specially-trained electricians. This system is the only method considered by the US Consumer Product 
Safety Commission (CPSC) to be a permanent repair. Its recommendation is based upon extensive testing. 
ADVANTAGES: Avoids the expense of rewiring entire house and therefore is less costly. 
DISADVANTAGES: System is not available in all parts of the country; installation requires specially-trained 
electrician and specialty tools. 

3. SPLICE WIRE USING “SCOTCHLOK” TWIST-ON CONNECTORS. 
Pigtailing with certain types of connectors, although they might be presently listed by UL for the applica-
tion, can lead to increasing the fire hazard of the connection. Following special installation procedures, 
the 3M “Scotchlok” connectors are considered by CPSC to be the best available alternative to the 
COPALUM crimp. 3M Scotchlok has several features that make it safer than other connectors: a non-
flammable shell, a metal shell around the spring, and a heavier spring wire. In this system, the bare alu-
minum wire is abraded under a coating of non-flammable oxide inhibitor. The connector spring is then 
filled with oxide inhibitor before the connector is applied to the pre-twisted wires. This work must be done 
by a qualified electrician. 
ADVANTAGES: Avoids the expense of rewiring entire house; Specialty tools are not required; availability is 
not limited to certain parts of the country. 
DISADVANTAGES: This system is only as good as the installation technique; installation requires a qualified 
electrician. 

FURTHER READING 

The Aluminum Wire Information Website, www.mhv.net/~dfriedman/aluminum.htm. 

“Aluminum Wiring in Residential Properties: Hazards & Remedies, www.inspect-ny.com/aluminum.htm. 

PRODUCT INFORMATION 

AMP Inc., P.O. Box 3608, Harrisburg, PA 17105; 717-986-7777; 800-522-6752; www.amp.com 

3M, 6801 River Place Blvd, Austin, TX 78726; 512-984-1800; 800-245-3573; www.mmm.com/elpd/index/. 

RECEPTACLES 
ESSENTIAL KNOWLEDGE 

Receptacles (also known as outlets) supply power to portable equipment used in houses, such as floor 
lamps, radios, and toasters. Up until the mid-1960s, ungrounded receptacles were installed in most houses 
(Fig. 5). In older homes, these two-prong receptacles were not polarized. Grounding and polarization are 
important features of an electrical system. Equipment grounding reduces the shock hazard from electrical 
boxes or equipment that may become “hot” because of a conductor insulation failure or loose connection. 
In this system each metallic, noncurrent-carrying part of the electrical system (electrical boxes, equipment 
frames, appliances, motors, and conduit) is connected to the ground wires of each branch circuit; to the 
neutral bar of the load center; and then to the earth. If a hot wire accidentally touches the metal housing of 
an electric drill, the fault current will flow back to the service panel via the equipment grounding conduc-
tor, and the circuit breaker will trip. If this system was not in place, a person could receive a serious shock 
from a faulty appliance if he or she were not insulated from the ground. Grounded receptacles are also 
required for the proper functioning of plug-in surge protectors used to protect sensitive electronic equip-
ment. Surge protectors work by directing excess voltages and currents into the grounding system. 
Therefore, without a high quality ground in place, the surge protector is useless.18 

4.3 



In an electrical circuit, keeping the hot and neutral separate is called polarization. It is achieved 
by making the neutral blade of a plug and the neutral slot of a receptacle wider than their hot counter-
parts. This ensures that the hot and neutral wires of an ungrounded appliance cannot be reversed. If 
polarity is accidentally reversed, the exposed socket of a properly wired lamp could deliver a shock even 
when the switch is off. Reversed polarization does not occur in grounded appliances because the ground-
ing pin forces proper polarization. 

In most cases, non-operable receptacles can easily and inexpensively be repaired. Loose wire 
connections can be tightened and failed receptacles can be replaced. The NEC requires that all new recep-
tacles, whether for replacements or new installations, be grounded. This does not mean that existing two-
prong receptacles in a house need to be replaced, although this would improve the safety of the existing 
electrical system and therefore should be considered. 
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TECHNIQUES, MATERIALS, TOOLS 

There are several methods for converting a two-prong outlet into a three-prong, grounded receptacle: 

1. REPLACE EXISTING WIRING. 
Running new electric wiring with a ground from the service panel to the outlet is the most certain way of 
providing an uninterrupted ground where the existing wiring system has none (early nonmetallic sheathed 
cable) or where the continuity of the ground is questionable (early armored cable with no bonding strip). 
That certainty may be desired on circuits where plug-in surge protectors are used to protect expensive 
electronic equipment. For rewiring options, refer to sections above. This method is only as good as the 
grounding of the service panel. 
ADVANTAGES: A safe, reliable way to provide a grounded receptacle. 
DISADVANTAGES: Relatively costly. Existing wiring may be in good condition and not worth the cost of 
removing it to install a new grounded cable. 

2. INSTALL A NEW GROUND CONDUCTOR. 
Where an uninterrupted ground does not exist, installing a new, adequately protected ground conductor 
to a reliable ground is the next best thing to installing a new cable. To provide adequate protection, the 
ground conductor will most likely have to be fished through walls. It cannot be tucked under baseboards 
or tacked in the same fashion as telephone wires. The ground can be run either back to the service panel, 
or to the nearest accessible point of the grounding electrode system. This method is only as good as the 
grounding electrode system. 
ADVANTAGES: Less costly than installing a new electrical cable. If the grounding electrode system is acces-
sible, the ground conductor will not have to run back to the service panel. 

FIGURE 5 RECEPTACLES 
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DISADVANTAGES: Ground conductor may have to be run back to the service panel because it is less likely 
to be disturbed there than if is is connected to another part of the grounding electrode system. 

3. CONNECT RECEPTACLE TO THE GROUNDED RECEPTACLE BOX. 
Where the existing receptacle box is grounded, a grounded receptacle can easily be installed by connect-
ing a wire jumper from the receptacle’s grounding terminal to the back of the box. The absence of a cop-
per grounding conductor does not mean that the box is not grounded. Where armored cable is used, it 
does not have a separate ground wire because the steel jacket acts as the ground conductor. The addition 
of a bonding strip in the armored cable, a 1959 NEC requirement, greatly improved this system’s conti-
nuity to ground. However, it cannot be assumed that the presence of armored cable means that the recep-
tacle box is adequately grounded. Both the box and armor need to be tested with a circuit tester or another 
electrical device for continuity to ground. 
ADVANTAGES: Easily and inexpensively accomplished. 
DISADVANTAGES: Potential for the armor to rust and create a discontinuity, which would result in the false 
impression of the outlet being grounded when it is not. 

4. INSTALL A RECEPTACLE-TYPE GROUND FAULT CIRCUIT INTERRUPTER. 
The NEC forbids replacing a two-prong outlet with an ungrounded three-prong outlet unless it is a GFCI 
type. The reason is that although the GFCI is not grounded itself, it protects users by shutting off the cur-
rent in the event of a ground fault. It also protects receptacles downstream. Therefore the code allows all 
downstream receptacles to be replaced with non-GFCI three prong receptacles if they are labeled with a 
sticker stating “GFCI Protected”. A new GFCI outlet produced by Leviton, called the Smart Lock GFCI, con-
tains two new safety features: 1) the reset button is mechanically prevented from being reset if the GFCI is 
damaged after a voltage surge, and 2) a diagnostic feature prevents downstream receptacles from oper-
ating if the GFCI outlet is wired incorrectly. 
ADVANTAGES: Easy installation; inexpensive. 
DISADVANTAGES: A surge protector plugged into this type of circuit is rendered useless. A ground is 
needed to make the surge suppressors or line filters, which are commonly used to protect computer sys-
tems, effective. 

FURTHER READING 

“Installing Electrical Boxes and Receptacles,” Rex Cauldwell, Fine Homebuilding, June/July, 1996. 

“Converting 2-prong to grounded 3-prong receptacles,” Redwood Kardon, www.codecheck.com/frame.htm 

“Don’t Guess at GFCI Regs!,” J. Michael Rhodes, Electrical Contractor Magazine, May 1996. 

“More ‘Groundless’ Worries,” David E. Shapiro, Electrical Contractor Magazine, April 1999. 

PRODUCT INFORMATION 

Pass & Seymour/Legrand, P.O. Box 4822 Syracuse, NY 13221-4822; 315-468-8430 (phone), 315-468-
8388 (fax); www.passandseymour.com/ (self-contained devices). 

Leviton Manufacturing Co, 59-25 Little Neck Parkway, Little Neck, NY 11362; 800-229-4040; www.levi-
ton.com/. 

Eagle Electric Manufacturing Co., Inc., 45-31 Court Square, Long Island City, NY 11101; 800-366-6789; 
www.eagle-electric.com. 
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INTERIOR LIGHTING 
ESSENTIAL KNOWLEDGE 

Lighting provides illumination for safety, security, and the performance of visual tasks. Electric lighting sys-
tems are comprised of two parts: the lamp or bulb and the light fixture. About 95% of the lamps used in 
older residential homes are incandescent, the rest are fluorescent. 

In general, an incandescent lamp works by passing electrical current through a filament which 
heats up to the point where it produces light. The use of electric lighting became affordable and practical 
when Thomas Edison invented the incandescent light bulb in 1879. The nature of these early lamps 
became a critical influence on the design of the fixtures. 

For nearly 100 years, prior to Edison’s invention, gas was the primary lighting system in the U.S. 
With the advent of the incandescent light bulb, gas began to lose its hold on the market. From the early 
1880s until about 1910, electricity was not the most reliable energy source. As a result, early electric light 
fixtures were a combination of gas and electric: gas fixtures upgraded with one or two electric arms. 
Combination fixtures remained in catalogues as late as 1912, but were sharing their pages with all-elec-
tric fixtures by this time. After 1913 gas lost its dominance to electricity. 

Early electrical fixtures did not have shades because the modest light output was best left unob-
scured (Fig. 1). As the quality improved a new breed of all-electric lighting emerged free of accoutrements 
of earlier gas light fixtures. Three general illumination systems emerged: direct illumination, indirect illu-
mination, and semi-direct illumination. 
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FIGURE 1 PAN LIGHT (1910-1930) 








































































