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Foreword 

(This Foreword is not part of ANSI/IEEE S M  602-1986, IEEE Recommended Practice for Electric 

The purpose of the IEEE White Book is to promote the use of sound engineering 
principles in the design and operation of health care facilities. By alerting electrical 
engineers, designers, and health care operating personnel to the many problems 
that are encountered in the design and operation of health care facilities, it is hoped 
that this book will help in the development of concern for the professional aspects of 
health care facility engineering. While the IEEE White Book provides extensive dis- 
cussion on each of the major electrical considerations in the design and operation of 
health care facilities, the IEEE Recommended Practice for Electric Systems in 
Health Care Facilities is not planned as a complete handbook. It does, however, 
direct the engineer to texts, periodicals, and references for health care facilities, and 
in particular, it acts as a guide through the myriad of codes, standards, and recom- 
mended practices published by IEEE and other voluntary and governmental bodies. 

Initial planning for a recommended practice on electric systems in health care 
facilities was begun in 1975; however, those fust steps were not very productive, and 
serious consideration was given to abandoning the project or reducing its scope and 
treating the matter as a single chapter within the IEEE Gray Book on electric 
systems in commercial buildings. At the very point when the activity appeared to 
founder, a new chairman accepted the challenge of the project. On October 1, 1979, 
a reorganized working group, under Hugh 0. Nash, Jr, met in Cleveland, Ohio. Nine- 
teen members attended the 1979 meeting. By the time the revitalized activity was 
fully under way, a total of 53 contributors had been recruited. Included were con- 
sultants, design professionals, enforcement officials, electrical and medical manufac- 
turers, and representatives from both the public and private sectors of the health 
care industry. 

Developed within the Power Systems Engineering Committee of the Industrial and 
Commercial Power Systems Department of the IEEE Industry Applications Society, 
this Recommended Practice was produced in accordance with consensus pro- 
cedures of the Institute of Electrical and Electronics Engineers. Under those 
procedures, accredited by the American National Standards Institute, all concerned 
parties are assured of an opportunity to participate in development of the docu- 
ment, and resolution of differing viewpoints is subjected to the scrutiny of all partici- 
pants. The process is necessarily a slow one, but the resulting product can be relied 
on to meet the needs of professionals throughout the industry and to reflect sound 
engineering approaches. 

Systems in Health Care Facilities.) 
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It is the intent of the Power Systems Engineering Committee to maintain this 
recommended practice so that it continues to remain consistent with the state of 
the art. Comments and suggestions for future revisions are gratefully solicited. They 
should be directed to: 

Sec ret ary 
IEEE Standards Board 
345 East 47th Street 
New York, NY 10017 

When the IEEE Standards Board approved this standard on March 21, 1985, it 
had the following membership: 

John E. May, Chairman John P. Riganati, Vice Chairman 

Sava I. Sherr, Secre tw 

James H. Beall Jay Forster Lawrence V. McCaU 
Fletcher J. Buckley Daniel L. Goldberg Donald T. Michael' 
Rene Castenschiold Kenneth D. Hendrix Frank L. Rose 
Edward Chelotti Irvin N. Howell, Jr Clifford 0. Swanson 
Edward J. Cohen Jack Kinn J. Richard Weger 
Paul G. Curnrnings Joseph L. Koepfmger* W.B. Wilkens 
Donald C. Fleckenstein Irving Kolodny Charles J. Wylie 

R.F. Lawrence 

*Member emeritus 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 19:31:48 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 602-1986

http://www.avadocuments.com/doc/ieee-602-1986
http://www.avadocuments.com/doc/ieee-602-1986


IEEE Standards documents are developed within the Technical Com- 
mittees of the IEEE Societies and the Standards Coordinating Committees 
of the IEEE Standards Board. Members of the committees serve voluntar- 
ily and without compensation. They are not necessarily members of the 
Institute. The standards developed within IEEE represent a consensus of 
the broad expertise on the subject within the Institute as well as those 
activities outside of IEEE which have expressed an interest in participat- 
ing in the development of the standard. 

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE 
Standard does not imply that there are no other ways to produce, test, 
measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at 
the time a standard is approved and issued is subject to change brought 
about through developments in the state of the art and comments received 
from users of the standard. Every IEEE Standard is subjected to review at 
least once every fnre years for revision or reaffirmation. When a document 
is more than fwe years old, and has not been reaffirmed, it is reasonable 
to conclude that its contents, although still of some value, do not wholly 
reflect the present state of the art. Users are cautioned to check to deter- 
mine that they have the latest edition of any IEEE Standard. 

Comments for revision of IEEE Standards are welcome from any inter- 
ested party, regardless of member affiliation with IEEE. Suggestions for 
changes in documents should be in the form of a proposed change of text, 
together with appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the meaning 
of portions of standards as they relate to specific applications. When the 
need for interpretations is brought to the attention of IEEE, the Institute 
will initiate action to prepare appropriate responses. Since IEEE Standards 
represent a consensus of all concerned interests, it is important to ensure 
that any interpretation has also received the concurrence of a balance of 
interests. For this reason IEEE and the members of its technical commit- 
tees are not able to provide an instant response to interpretation requests 
except in those cases where the matter has previously received formal 
consideration. 

Comments on standards and requests for interpretations should be ad- 
dressed to: 

Secretary, IEEE Standards Board 
345 East 47th Street 
New York, NY 10017 
USA 
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ANSVIEEE 
Std 602-1986 

1. Introduction 

1.1 General Discussion. IEEE Std 602-1986, IEEE Recommended Practice for 
Electric Systems in Health Care Facilities, commonly known as the IEEE White 
Book, is published by the Institute of Electrical and Electronics Engineers, Inc. 
(IEEE) to provide a recommended practice for the electrical design for health 
care facilities. It has been prepared on a voluntary basis by design engineers, 
health care end users, and electrical and medical manufacturers functioning as 
the White Book Working Group within the IEEE Commercial Buildings Power Sys- 
tems Committee. 

This recommended practice will probably be of greatest value to the power 
oriented engineer with limited health care experience. It can also be an aid to all 
engineers responsible for the electrical design of health care facilities. However, it 
is not intended as a replacement for the many excellent engineering texts and 
handbooks commonly in use, nor is it detailed enough to be a design manual. It 
should be considered a guide and a general reference on electrical design for 
health care facilities. 

1.2 Health Care Facilities. The term “health care facility,” as used here, encom- 
passes buildings or parts of buildhgs that contain hospitals, nursing homes, resi- 
dential custodial care facilities, clinics, and medical and dental offices. Buildings 
or parts of buildings within an industrial or commercial complex, used as medical 
facilities, logically fall within the scope of this book. Thus the specific use of the 
building in question, rather than the nature of the overall development of which 
it is a part, determines its electrical design category. Today’s health care facilities, 
because of their increasing size and complexity, have become more and more 
dependent upon safe, adequate, and reliable electrical systems. Every day new 
types of sophisticated diagnostic and treatment equipment, utilizing microproc- 
essors or computers, come on the market. Many of these items are sensitive to 
electrical disturbances and some require a very reliable power source. Invasive 
medical procedures such as cardiac catheterization have become routine in today’s 
hospital. Such procedures make electrical safety extremely important. Moreover, 
new medical and surgical procedures are constantly being developed. In addition 
to the special safety and reliability requirements, health care facilities have unique 
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life safety and communication requirements, because patients are generally unable 
to care for themselves or evacuate themselves in the event of an emergency. For 
these reasons, perhaps no area of design or construction is changing as fast as 
health care facfties. 

1.3 IEEE Publications. The IEEE publishes several standards similar to the 
IEEE White Book, prepared by the Industrial Power Systems Department of the 
IEEE Industry Applications Society. 

[ I ]  ANSI/IEEE Std 142-1982, IEEE Recommended Practice for Grounding of 
Industrial and Commercial Power Systems. 

[2] ANWIEEE Std 241-1983, IEEE Recommended Practice for Electric Power 
Systems in Commercial Buildings. 

[3] ANSI/IEEE Std 399-1980, IEEE Recommended Practice for Power System 
Analysis. 

[4] ANSI/IEEE Std 446-1980, IEEE Recommended Practice for Emergency and 
Standby Power Systems for Industrial and Commercial Applications. 

[5] ANSVIEEE Std 493-1980, IEEE Recommended Practice for the Design of Reli- 
able Industrial and Commercial Power Systems. 

[6] IEEE Std 242-1975, IEEE Recommended Practice for Protection and Coor- 
dination of Industrial and Commercial Power Systems. 

The IEEE Recommended Practice for Electric Power Systems in Commercial 
Buildings, commonly known as the Gray Book, will be of particular importance as 
a reference book to the hospital designer because of the many similarities between 
commercial buildings and health care facilities. 

1.3.1 Industry Applications Society. The IEEE is divided into 31 groups and 
societies which specialize in various technical areas of electrical engineering. Each 
group or society conducts meetings and publishes papers on developments within 
its specialized area. The Industry Applications Society (IAS) presently encom- 
passes 23 technical committees covering electrical engineering in specific areas 
(petroleum and chemical industry, cement industry, glass industry, industrial and 
commercial power systems, and others). Papers of interest to electrical engineers 
and designers involved in the field covered by the IEEE White Book are, for the 
most part, contained in the Transactions of the IAS. 

ANSI/IEEE Std 241-1983 is published by the IEEE on behalf of the Commercial 
Buildings Committee of the Industrial Power Systems Department of the Industry 
Applications Society acting through the Gray Book Working Group. Individuals 
who desire to participate in the activities of the committees, subcommittees, or 
working groups in the preparation or revision of texts such as this should write 
or call IEEE Standards Office, 345 East 47 Street, New York, NY 10017. 

These documents can be obtained from the Institute of Electrical and Electronics Engineers, S e w  
ice Center, 445 Hoes Lane, Piscataway, N J  08854. 
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1.3.2 Engineering in Medicine and Biology Society. Another IEEE group of 
interest to the electrical engineer involved in health care facility design is the 
Engineering in Medicine and Biology Society (EMBS). The EMBS Transactions 
and the EMBS Magmine include articles on the physiological effects of electrical 
shock and other subjects pertinent to electrical safety. Articles dealing with 
electrical equipment and instrumentation also appear in the EMBS Transactions. 

1.4 Professional Registration. Most regulatory agencies require that design for 
public buildings be prepared under the jurisdiction of state-licensed professional 
architects or engineers. Information on such registration may be obtained from 
the appropriate state agency or from the local chapter of the National Society of 
Professional Engineers. 

To facilitate obtaining registration in different states under the reciprocity rule, 
a national professional certificate is issued by the National Bureau of Engineering 
Registration2 to engineers who obtained their home-state license by examination. 
All engineering graduates are encouraged to start on the path to full registration 
by taking the engineer-in-training examination as soon after graduation as possi- 
ble. The final written examination in the field of specialization is usually con- 
ducted after four years of progressive professional experience. 

Clinical Engineering Certification is available through an International Commis- 
sion. When available, the hospital's clinical engineer should be involved in the 
electrical design process. 

1.5 Codes and Standards 
1.5.1 National Electrical Code and Other NFPA Standards. The electrical wir- 

ing and design recommendations in the National Electrical Code (NEC), ANSI/ 
NFPA 70-1984, are vitally important guidelines for health care facility engineers. 
The NEC is revised every three years, and care should be taken to use the edition 
that is current and adopted by the authority having jurisdiction of enforcement 
(AHJ) at the time of construction. The NEC is published and available from the 
National Fire Protection Association (NFPA) and the American National Stan- 
dards Institute (ANSI).3 It does not represent a design specification but only 
identifies minimum requirements for the safe installation and utilization of elec- 
tricity in the building. It is strongly recommended that the introduction to the 
NEC, Article 90, covering purpose and scope, be carefully read. The NFPA Hand- 
book, of the National Electrical Code, sponsored by the NFPA, contains the com- 
plete NEC text plus explanations. This book is edited -to correspond with each 
edition of the NEC. 

The NFPA publishes the following related documents containing requirements 
on electrical and medical equipment and systems: 

(1) ANSI/NFPA 20-1983, Standard for the Installation of Centrifugal Fire Pumps. 

PO Drawer 1404, Columbia, SC. 
ANSI/NF"A publications can be obtained from the Sales Department, American National Stan- 

dards Institute, 1430 Broadway, New York, NY 10018, or from Publication Sales, National Fire Protec- 
tion Association, Batterymarch Park, Quincy, MA 02269. 

27 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 19:31:48 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 602-1986

http://www.avadocuments.com/doc/ieee-602-1986
http://www.avadocuments.com/doc/ieee-602-1986


ANSI/IEEE 
Std 602-1986 CHAPTER 1 

(2) ANSI/NFPA 53M-1979, Manual on Fire Hazards in Oxygen-Enriched Atmo- 

(3) ANSI/NFPA 70B-1983, Recommended Practice for Electrical Equipment 

(4) ANSIINFPA 703-1983, Standard for Electrical Safety Requirements of Em- 

(5) ANSI/NFPA 71-1982, Standard for the Installation, Maintenance, and Use 

(6) ANSI/NFPA 72A-1979, Standard for the Installation, Maintenance, and Use 

(7) ANSI/NFPA 72B-1979, Standard for the Installation, Maintenance, and Use 

(8) ANSI/NFPA 72C-1982, Standard for the Installation, Maintenance, and Use 

(9) ANSI/NFPA 72D-1979, Standard for the Installation, Maintenance, and Use 

(10) ANSI/NFPA 723-1984, Standard on Automatic Fire Detectors. 
(1 1) ANSVNFPA 75-1981, Standard for the Protection of Electronic Computer/ 

(12) ANSI/NFPA 77-1982, Recommended Practice on Static Electricity. 
(13) ANSI/NFPA 78-1983, Lightning Protection Code. 
(14) ANSI/NFPA 99-1984, Standard for Health Care Facilities. 
(15) ANSI/NFPA 101-1985, Code for Safety to Life from Fire in Buildings and 

(16) NFPA 101 HB85, Life Safety Code Handbook. 
(17) NFPA FPH1581, Fire Protection Handbook. 
ANWNFPA 99-1984 replaces NFPA 3M, 564 56B, 56C, 56D, 56E, 56G, 56HM, 

56K, 76A, 76B, and 76C. NFPA 56A (Inhalation Anesthetics-1978) and 76A 
(Essential Electrical Systems- 1977) are adopted by enforcement authorities for 
health care facilities and may still be in force in some areas. 

The National Electrical Code and other selected NFPA codes are generally 
adopted by local and state governments for enforcement by electrical and build- 
ing inspectors and fire marshals. 

1.5.2 Health Care Codes and Standards. Additional electrical requirements 
for health care facilities are included in the Accreditation Manual for Hospitals 
published by the Joint Commission for the Accreditation of Hospitals (JCAH). 
Hospitals seeking JCAH accreditation must undergo an inspection semi-annually 
by JCAH examiners. Accreditation depends on the hospital's conformance with 
the requirements included in the accreditation manual. 

The Department of Health and Human Services publishes a standard entitled, 
Guidelines for Construction and Equipment of Hospitals and Medical Facilities4 

spheres. 

Maintenance. 

ployee Workplaces. 

of Central Station Signaling Systems. 

of Local Protective Signaling Systems. 

of Auxiliary Protective Signaling Systems. 

of Remote Station Protective Signaling Systems. 

of Proprietary Protective Signaling Systems. 

Data Processing Equipment. 

Structures. 

This publication can be obtained from the Superintendent of Documents, US Government Print- 
ing Office, Washington, DC 20402. 

28 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 19:31:48 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 602-1986

http://www.avadocuments.com/doc/ieee-602-1986
http://www.avadocuments.com/doc/ieee-602-1986


INTRODUCI'ION 
ANWIEEE 

Std 602-1986 

This standard includes electrical requirements which must be satisfied by any 
facility seeking reimbursement from the Federal Government. 

Electrical designers working on projects for the Veterans Administration, armed 
services, and other government agencies must be aware that these agencies 
generally publish standards for electrical design. These standards or guidelines 
can be obtained from the appropriate agency. 

1.6.3 Local, State, and Federal Codes and Regulations. While most municipal- 
ities, counties, and states use the NEC without change, some have their own 
codes. In some instances the NEC is adopted by local ordinance as part of the 
building code, with deviations from the NEC listed as addenda, It is important to 
note that only the code adopted as of a certain date is official, and that govern- 
mental bodies may delay adopting the latest code. Federal rulings may require 
use of the latest NEC regardless of local rulings, so that reference to the enforcing 
agencies for interpretation on this point may be necessary. 

Some city and state codes are almost as extensive as the NEC. It is generally 
accepted that in the case of conflict, the more stringent or severe interpretation 
applies. Generally the entity responsible for enforcing the code has the power to 
interpret it. 

Failure to comply with NEC or local code requirements can affect the owner's 
ability to obtain a certificate of occupancy and may have a negative effect on 
insurance. 

In most states health care construction comes under the jurisdiction of a state 
health department. In some instances the state will have its own hospital or 
health care code with specific electrical requirements. 

Both state and local authorities may adopt and enforce one of the model build- 
ing codes written by a regional building officials group. These include the Stan- 
dard Building Code, the Uniform Building Code, and the National Building Code. 

Legislation by the US Federal Government has had the effect of giving stan- 
dards, such as those of the American National Standards Institute (ANSI), the 
impact of law. The Occupational Safety and Health Act, administered by the US 
Department of Labor, permits federal enforcement of codes and standards. The 
Occupational Safety and Health Administration (OSHA) has adopted the 1971 (or 
later) NEC for new electrical installations and equipment within the scope of 
subpart S-Electrical-of OSHA regulations and also for major replacements, 
modification, or repair installed after March 5, 1972. A few articles and sections 
of the NEC have been deemed by OSHA to apply retroactively. 

A number of states have enacted legislation embodying various energy conser- 
vation standards such as ANSI/ASHRAE/IES 90A-1980, Energy Conservation in 
New Building Design. Such standards establish energy or power budgets that 
materially affect architectural, mechanical, and electrical designs. 

1.6.4 Standards and Recommended Practices. A number of organizations in 
addition to the NFPA publish documents which affect electrical design. Adher- 
ence to these documents can be written into design specifications. 

The American National Standards Institute (ANSI) approves the standards of 
many other organizations. ANSI coordinates the review of proposed standards 
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among all interested affiliated societies and organizations to assure a consensus 
approval. It is in effect a clearinghouse for technical standards of all types. 

Underwriters Laboratories, Inc5 (UL) is a non-profit organization, operating 
laboratories for investigation with respect to hazards affecting life and property, 
materials and products, especially electrical appliances and equipment. In so 
doing, they develop test standards. Equipment which has been tested by UL, and 
found to conform to their standards, is known as listed or labeled equipment. 

The National Electrical Manufacturers Association6 (NEMA) represents equip- 
ment manufacturers. Their publications serve to standardize the manufacture of, 
and provide testing and operating standards for electrical equipment. The design 
engineer should be aware of any NEMA standard which might affect the applica- 
tion of any equipment specified by him. 

1.6 Handbooks. The following handbooks have, over the years, established repu- 
tations in the electrical field. This list is not intended to be all-inclusive, and other 
excellent references in addition to those listed in 1.3 are available, but are not 
listed here because of space limitations. 

(1) Applied Protective Relaying (Westinghouse Electric Corporation, 1976). 
The application of protective relaying to commercial-utility interconnections, pro- 
tection of high-voltage motors, transformers, cables, are covered in detail. 

( 2 )  ASHRAE Handbook (American Society of Heating, Refrigerating, and Air 
Conditioning Engineers7 [ASHRAE]). This series of reference books in four vol- 
umes, which are periodically updated, details the electrical and mechanical aspects 
of space conditioning and refrigeration. 

( 3 )  BEEMAN, D.L., editor. Industrial Power Sptems Handbook New York 
McGraw-Hill, 1955. A text on electrical design with emphasis on equipment, 
including that applicable to commercial buildings. 

(4) CROFT, T., CARR, C.C., and WATT, J.H. American Electricians' Handbook. 
9th edition. New York McGraw-Hill, 1970. The practical aspects of equipment, 
construction, and installation are covered. 

(5) Electrical Maintenance Hints (Westinghouse Electric Corporation, 1974). 
The preventative maintenance procedures for all types of electrical equipment 
and the rehabilitation of damaged apparatus are discussed. 

(6) Electrical Transmission and Distribution Reference Book (Westinghouse 
Electric Corporation, 1964). All aspects of transmission, distribution, perform- 
ance, and protection are included in detail. 

(7) FINK, D.G. and BEATY, H.W. Standard Handbook for Electrical Engineers. 
11th ed. New York: McGraw-Hill, 1978. Virtually the entire field of electrical engi- 
neering is treated, including equipment and systems design. 

(8) IES Lighting Handbook (Illuminating Engineering Societys [ IES]: Applica- 
tion Volume, 1981; Reference Volume, 1984). All aspects of lighting, including see- 

' 333 Pfingsten Road, Northbrook, IL 60020. 
2101 L Street, NW, Washington, DC 20037. 
Publication Sales, 1791 Tube Circle, NE, Atlanta, GA 30329. 
345 East 47th Street, New York, NY 10017. 
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ing, recommended lighting levels, lighting calculations, and design, are included in 
extensive detail in this comprehensive text. 

(9) mhting Handbook (Westinghouse Electric Corporation, 1976). The appli- 
cation of various light sources, furtures, and ballasts to interior and exterior 
commercial, industrial, sports, and roadway llghting projects. 

(10) McPARTLAND, J. (and the editors of Electrical Constructions and Mainte- 
nance magazine). How to Des& Electrical Systems. New York McGraw-Hill, 1968. 

(11) McPARTLAND, J. and NOVAK, W. Electrical Design DetaiLs. New York 
McGraw-Hill, 1960. This reference offers the young engineer insight into the sys- 
tems approach to electrical design. 

(12) SMEATON, R.S., editor. Motor Applications and Maintenance Handbook 
New York McGraw-Hill, 1969. Contains extensive, detailed coverage of motor load 
data and motor characteristics to better coordinate electric motors with machine 
mechanical characteristics. 

(13) SMEATON, R.S., editor. Switchgear and Control Handbook New York 
McGraw-Hill, 1977. Concise, reliable guide to important facets of switchgear and 
control design, safety, application, and maintenance including high- and low- 
voltage starters, circuit breakers, and fuses. 

(14) Underground &stems Reference Book (Edison Electric I n ~ t i t u t e , ~  1957). 
The principles of underground construction and the detailed design of vault 
installations cable systems and related power systems are fully illustrated; cable 
splicing design parameters are thoroughly covered. 

A few of the older texts may not be available for purchase, but are available in 
most professional offices and libraries. 

1.7 Periodicals. Spectrum, the basic monthly publication of the IEEE, covers all 
aspects of electrical and electronic engineering with limited material on health 
care facilities. This publication, however, does contain references to IEEE books 
and other publications, technical meetings and conferences, IEEE group, society, 
and committee activities, abstracts of papers and publications of the IEEE and 
other organizations and other material essential to the professional advancement 
of the electrical engineer. The Transactions of the Industry Applications Society 
and the Engineering in Medicine and Biology Society of the IEEE can be useful 
to health care electrical engineers. 

Following are some other well-known periodicals: 
(1) ASHRAE Journal, American Society of Heating, Refrigerating and Air- 

(2) Biomedical Electronics, 455 Mount Arlington, NJ 07856. 
(3) Biomedical Engineering, 233 Spring Street, New York, NY 10013. 
(4) Consulting Engineer, Barrington, IL 60010. 
(5) Electrical Construction and Maintenance, McGraw-Hill, 1221 Avenue of 

(6) Electrical Consultant, One River Road, Cos Cob, GT 06807. 

Conditioning Engineers. 

the Americas, New York, NY 10020. 

1111 19th Street, NW, Washington, DC 20036. 
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(7) Fire Journal, National Fire Protection Association, Batterymarch Park, 

(8) Health Care Systems, 1515 Broadway, New York, NY 10036. 
(9) Hospitals, American Hospital Publishing, Inc., 211 E. Chicago Avenue, Chi- 

(10) IAEI News, International Association of Electrical Inspectors, 802 Busse 

(11) Journal of CLinical Engineering, 1351 Titan Way, Brea, CA 92621. 
(12) Journal of the Operating Room Research Institute, 100 Campus Road, 

(13) Lighting Design and Application, Illuminating Engineering Society, 345 

(14) Modern Healthcare, 740 N. Rush St., Chicago, IL 60611. 
(15) Plant Engineering, 1301 South Grove Avenue, Barrington, IL 60010. 
(16) Professional Engineer, National Society of Professional Engineers, 2029 K 

(17) Spec-g Engineer, Cahners Publishing Company, 5 South Wabash Avenue, 

Quincy, MA 00269. 

cago, IL 6061 1. 

Highway, Park Ridge, IL 60068. 

Totowa, NJ 07512. 

East 47th Street, New York, NY 10017. 

Street Northwest, Washington, DC 20006. 

Chicago, IL 60603. 

1.8 Manufacturers’ Data. The electrical industry through its associations and 
individual manufacturers of electrical equipment issues many technical bulletins, 
data books, and magazines. While some of this information is difficult to obtain, 
copies should be made available to each major design unit. The advertising sec- 
tions of electrical magazines contain excellent material, usually well illustrated 
and presented in a clear and readable form, concerning the construction and 
application of equipment. Such literature may be promotional; it may present the 
advertiser’s equipment or methods in a best light and should be carefully evalu- 
ated. Manufacturer’s catalogs are a valuable source of equipment information. 
Some manufacturers’ complete catalogs are quite extensive covering several 
volumes. However, these companies may issue condensed catalogs for general use. 
A few manufacturers publish regularly scheduled magazines containing news of 
new products and actual applications. Data sheets referring to specific items are 
almost always available from the sales offices. Some technical files may be kept in 
microfilm for use either by projection or by printing at larger design offices. 
Manufacturers’ representatives, both sales and technical, can do much to provide 
complete information on a product. 

Manufacturers of specialized hospital electrical equipment often publish design 
and installation recommendations and technical updates. This is particularly true 
of isolation panel, standby system, and transfer switch manufacturers. 

1.9 Safety. Safety of life and preservation of property are two of the most impor- 
tant factors in the design of the electrical system. This is especially true in health 
care facilities because of public occupancy, thoroughfare, high occupancy density 
and patients-some of them critically ill or injured. In many health care facilities 
the systems operating staff has limited technical capabilities and may not have 
any specific electrical training. 
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Various codes provide rules and regulations as minimum safeguards of life and 
property. The electrical design engineer often needs to provide greater safeguards 
than outlined in the codes according to his best judgment, while also giving con- 
sideration to utilization and economics. 

Personnel safety may be divided into five categories 
(1) Safety for maintenance and operating personnel. 
(2) Safety for the general public. 
(3) Safety for general patients. 
(4) Safety for critical patients or patients subject to invasive procedures. 
(5) Safety for anesthetized patients. 
Safety for maintenance and operating personnel is achieved through proper 

design and selection of equipment with regard to enclosures, key-interlocking, cir- 
cuit breaker and fuse interrupting capacity, the use of high-speed fault-detection 
and circuit-opening devices, clearances from structural members, grounding 
methods, disconnecting means and identification of equipment. 

Safety for the general public requires that all circuitmaking and breaking 
equipment as well as other electrical apparatus be isolated from casual contact. 
This is achieved by using locked rooms and enclosures, proper grounding, limiting 
of fault levels, installation of barriers and other isolation, proper clearances, ade- 
quate insulation, and other similar provisions outlined in this standard. 

Safety for general patients requires all of the design features used for protect- 
ing the general public as well as special provisions to minimize potential differ- 
ence between any two conducting surfaces likely to come in contact with the 
patient directly or indirectly. A green ground conductor is required for all patient 
care areas to keep potential below 500 mV under normal conditions. 

Potential differences in critical care areas must be kept below 40 mV under 
normal conditions. However, the designer must be aware that even with #10 
ground conductors connected to form an equipotential grounding system, poten- 
tial differences higher than 40 mV can be generated during fault conditions. 
Equipotential grounding or other special protective systems such as isolation 
transformers are used in critical care areas to protect catheterized patients from 
electric shock through an exposed catheter. 

Patients under anesthesia are treated as critical patients. Where flammable 
anesthesia is used, isolation transformers and a properly grounded conductive 
floor shall be provided. All wiring in the hazardous area must be installed as 
required for Class 1 Division 1 locations. 

The National Electrical Safety Code (NESC), ANSI C2, 1984 edition, is available 
from the IEEE and ANSI. A cloth-bound hardcover edition may be obtained from 
John Wiley & Sons Inc, New York It covers outdoor distribution systems, supply 
and communications systems, overhead lines, high-voltage systems, and other 
items related to the supply of building power. 

Circuit protection is a fundamental safety requirement of all electrical systems. 
Adequate interrupting capacities are required in services, feeders, and branch cir- 
cuits. Selective, automatic isolation of faulted circuits represents good engineering. 
Tripping schemes for the emergency system must be selective, so that faults on 
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adjacent branches or systems or faults on the emergency system itself do not dis- 
rupt service to unaffected emergency system circuits-especially if interruption of 
these circuits can jeopardize the lives or safety of patients. Physical protection of 
wiring by means of approved raceways under all probable conditions of exposure 
to electrical, chemical, and mechanical damage is necessary. 

Circuits on the emergency system shall be installed in metallic raceway. Circuits 
to patient care areas shall be installed with a green ground conductor and should 
be installed in metallic raceway to insure physical protection and to provide 
redundant grounding. Such raceways should be of sufficient size for future expan- 
sion. Additional raceways and spare conductors for future use may be installed 
within allowable financial constraints. If the raceways are properly constructed 
and bonded, they can minimize power interruptions. The design engineer should 
locate equipment where suitable ambient temperatures exist and ventilation is 
available. The operation of fault-detection and circuit-interruption devices under 
conditions of abnormal voltage and frequency should be assured. 

1.9.1 Appliances and Equipment. Improperly applied or inferior materials can 
cause electrical failures. The use of appliances and equipment listed by the 
Underwriters Laboratories, Inc, or other approved laboratories is recommended. 
The Association of Home Appliance Manufacturers'O (AHAM) and the Air-Condi- 
tioning and Refrigeration Institute' (ARI) spec@ the manufacture, testing, and 
application of many common appliances and equipment. 

High-voltage equipment is manufactured in accordance with NEMA, ANSI, and 
IEEE standardsl and the engineer should make sure that the equipment he speci- 
fies conforms to these standards. Properly prepared specifications can prevent 
the purchase of inferior or unsuitable equipment. The lowest initial purchase 
price may not result in the lowest cost after taking into consideration operating, 
maintenance, and owning costs. Value engineering is an organized approach to 
identification of unnecessary costs utilizing such methods as life cycles, cost analy- 
ses, and related techniques. 

1.9.2 Operational Considerations. When the design engineer lays out equip- 
ment rooms and locates electrical devices, he cannot always avoid having some 
areas accessible to unqualified persons. Dead-front construction should be utilized 
whenever practical. Where dead-front construction is not available, all exposed 
electrical equipment should be placed behind locked doors or gates. This will 
result in a reduction in electrical failures caused by human error, as well as 
improved safety. 

A serious cause of failure, which is attributable to human error, is uninten- 
tional grounding or phase-to-phase short circuiting of equipment which is being 
worked upon. By careful design such as proper spacing and barriers, and by 
enforcement of published work-safety rules, the engineer can minimize uninten- 
tional grounding and phase-to-phase, and ground faults in the distribution 
equipment. High-quality workmanship is an important factor in the prevention of 

lo 20 North Wacker Drive, Chicago, IL 60606. '' 1501 Wilson Boulevard, Arlington, VA 22209. 
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electrical failures. Therefore, the design should incorporate features that are con- 
ducive to good workmanship. 

Selective coordination of overcurrent devices is important in health care facili- 
ties, especially for critical care areas of hospitals. The system must be studied for 
both high and low level faults. It is also important to consider the different levels 
of available short circuit current available from utility and standby sources. 

Ground fault protection schemes on large service mains on grounded 480 volt 
systems will help to minimize damage from arcing ground faults. Arcing ground 
faults or "burndowns" can cause total destruction of electrical equipment, jeo- 
pardizing patient safety by fire and loss of electrical service. By providing one or 
more additional steps of ground fault protection downstream, designers can 
insure that otherwise harmless ground faults (such as in the powerhouse or 
kitchen) will not take out the hospital main or patient care areas of the hospital. 
Ground fault systems should be tested for selective tripping to insure proper and 
safe operation. 

1.10 Maintenance. Maintenance is essential to proper operation. The installation 
should be so designed that building personnel can perform most of the mainte- 
nance with a minimum need for specialized services. Design details should pro- 
vide proper space and accessibility so that equipment can be maintained without 
difficulty and excessive cost. 

The engineer should consider the effects of a failure in the system supplying 
the building. Generally, the external systems are operated and maintained by the 
electrical utility, though at times they are a part of the health care facility distri- 
bution system. 

In health care facilities where continuity of service is essential, suitable emer- 
gency and standby equipment should be provided. Such equipment is needed to 
maintain minimum lighting requirements for passageways, stairways, and to 
supply power to critical patient care areas and essential loads. These systems are 
usually installed within the building, and they include automatic or manual 
equipment for transferring loads on loss of normal supply power or for putting 
battery- or generator-fed equipment into service. 

Although applicable codes determine the need for standby or emergency gener- 
ating systems in health care facilities, they are generally required in any facility 
that keeps acutely ill patients overnight, performs invasive procedures, adminis- 
ters anesthesia, or otherwise treats patients unable to care for themselves during 
an emergency. High rise health care facilities regardless of type should have on 
site emergency or standby generators. 

Electrical engineers should consider the installation of bypass/isolation switches 
in conjunction with automatic transfer switches to permit maintenance on a 
deenergized transfer switch without jeopardizing patient safety. The isolation/ 
bypass switch permits removal of the transfer switch from the circuit while pro- 
viding for manual transfer to the normal or emergency source. 

Even with isolation/bypass switches, it is possible for a load side circuit breaker 
to fail Wing power to all or part of the critical branch. For this reason it is often 
wise to provide some normal circuits in critical patient care areas. 
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1.11 Design Considerations. Electrical equipment usually occupies a relatively 
small percentage of the total building space, and in design it may be easier to 
relocate electrical service areas than mechanical areas or structural elements. 
Allocation of space for electrical areas is often given secondary consideration by 
architectural and related specialties. In the competing search for space, the elec- 
trical engineer is responsible for fulfiing the requirements for a proper electrical 
installation while at the same time recognizing the flexibility of electrical systems 
in terms of layout and placement. 

Today, architectural considerations and appearances are of paramount impor- 
tance in the design of a health care facility. Aesthetic considerations may play an 
important role in the selection of equipment, especially llghting equipment. Pro- 
vided that the dictates of good practice, code requirements, and environmental 
considerations are not violated, the electrical engineer may have to compromise 
in his design to accommodate the desires of other members of the desgn team. 

1.11.1 Coordination of Design. The electrical engineer should work closely 
with professional. associates, such as the architect, the mechanical engineer, the 
structural engineer, and the civil engineer. He is also concerned with the building 
owner or operator who, as clients, may take an active interest in the design. More 
often the electrical engineer will work directly with the coordinator of overall 
design activities, usually the architect. He should cooperate with the safety engi- 
neer, fire protection engineer, the environmental engineer, and a host of other 
concerned people, such as interior designers, all of whom have a say in the ulti- 
mate design. 

The electrical designer should become familiar with local rules and know the 
authorities having jurisdiction over the design and construction. The designer 
should always contact the authorities having jurisdiction and all applicable utili- 
ties before beginning design. Local contractors are usually familiar with local 
ordinances and union work rules and can be of great help in avoiding pitfalls. 
Union work practices may, for reasons of safety or other considerations, discour- 
age the use of certain materials and techniques. 

In performing electrical design, it is essential, at the outset, to prepare a check- 
list of all the design stages that have to be considered. Major items include tem- 
porary power, access to the site, and review by others. It  is important to note 
that certain electrical work may appear in nonelectrical sections of the specifka- 
tions. For example, furnishing and connecting of electric motors and controls 
may be covered in the mechanical section of the specifications. Another notable 
example would be elevators which are usually specified by the architect. The elec- 
trical engineer should make it his business to see that the proper starter, fire- 
man’s recall system, and emergency sequencing of elevators are specified. 

Electrical engineers working on health care projects should have a working 
knowledge of medical gas systems because medical gas outlets often share con- 
soles and headwalls he specifies. He should also be familiar with medical gas 
alarm systems. For administrative control purposes, the electrical work may be 
divided into a number of contracts, some of which may be under the control of a 
general contractor and some of which may be awarded to electrical contractors. 
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Among items with which the designer will be concerned are preliminary cost 
estimates, final cost estimates, plans or drawings, specifications (which are the 
written presentation of the work), materials, manuals, factory inspections, labora- 
tory tests, and temporary power. He may well be involved in providing informa- 
tion on how electrical considerations affect financial justification of the project in 
terms of owning and operating costs, amortization, return on investment, and 
related items. 

1.12 Other Considerations. Those involved in the design of health care facilities 
should understand the process by which drawings are issued for bidding and 
construction. The designer should also have some knowledge of shop drawing 
review, estimating, and contract administration. For more information see the 
Introduction (Chapter 1) to the IEEE Gray Book 

Design and construction of health care facilities are a team process involving 
engineers, architects, construction managers, general contractors, subcontractors 
and equipment vendors. In recent years the contractors and construction man- 
agers have become increasingly involved in the design process. In order to suc- 
cessfully complete a health care project, it is important to involve contractors 
who have a successful track record in health care construction. The larger and 
more complex the project the more important it is to have contractors who are 
skilled and experienced in the specialized construction techniques required for 
medical facilities. 
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2. Load Requirements and Energy Management 

2.1 General Discussion. As with other building types, the determination of loads 
to be served by the electrical system is fundamental to health care facility design. 
Equally important is the economic application of materials, labor, and electrical 
devices to serve identified loads. As a goal, the completed facility should serve the 
initial loads, provide a margin for incremental growth, and foster the efficient use 
of energy. 
2.1.1 Loads. One of the purposes of this chapter is to aid the designer in esti- 

mating loads usually found in health care facilities and to show the range of 
power typically required by these loads. 
2.1.2 Groups of Loads. The cumulative effect of groups of individual loads is 

one of the determinants of distribution system design. This chapter will provide 
data from operating health care facilities that will be useful in projecting total 
load demand. Similarly, a profile for one type of facility will be presented. The 
reader is cautioned that such data should be viewed within the narrow scope in 
which it is presented. That is, the data is indicative of a specific building at a 
specific point in time and cannot be extrapolated necessarily into a typical 
profile. 
2.1.3 Load Growth. Patterns of health care have changed rapidly in recent 

years, and as the biological sciences continue to advance, altering patterns may 
be expected in the future. Such changes impose on health care facilities the need 
to adapt to changing demands of many kinds. The designer of electrical systems 
should plan for inevitable change and should anticipate incremental growth of 
loads during the useful life of the facility. In fact, the designer’s recognition of the 
dynamic nature of health care facilities may result in extended useful life. 
Obviously, the type of health care facility affects the level of change that may be 
anticipated. Teaching hospitals are more prone to change than community general 
hospitals, and the latter more so than custodial care facilities. 
2.1.4 Energy Utilization. Electrical system design affects the energy required 

to operate a facility over its useful life. This consideration should be balanced 
with the loads to be served as the design is created. Another purpose of this 
chapter is to present data that will help reduce the unknowns faced by the 
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designer, resulting in a more energy efficient facility. Additionally, techniques of 
energy management will be discussed. 
2.2 Loads v8. Facility Type. There are many types of health care facilities, some 
of which are identifed in the introduction. Load density for the total building will 
vary as the type varies. 

Teaching and general hospitals may be expected to offer the broadest spectrum 
of load types and to yield the highest concentration of load per gross square foot. 
Conversely, minimal care and custodial care facilities will produce generally low 
concentrations of load. 

Outpatient screening clinics and physicians’ offices will be similar to commer- 
cial office buildings, except that screening clinics sometimes will include extensive 
laboratory and radiology facilities. 

Psychiatric hospitals, nursing homes, minimal care and custodial care facilities 
share a common bond since large portions of each will be devoted to patient 
accommodations. While the similarity will stop there in most cases, the load den- 
sity (watts per gross square foot) will be influenced significantly by their residen- 
tial character. 

Load density is related to other variables in addition to facility type. As an 
example, choice of fuel for heating and air conditioning will exert considerable 
influence on loads. 

2.3 Lighting Loads. Lighting for health care facilities is presented in Chapter 7. 
Loads imposed by the lighting systems will be a function of several variables, 
among which are: 

(1)  Tasks to be performed 
(2) Quality and quantity of illumination required 
(3) Choice of hghting sources. 
Lighting design for some areas will be similar to that for other commercial 

buildings. Other spaces will require the application of specialized llghting tech- 
niques. Among the latter are patient rooms, intensive care units, nurseries, and 
surgical and obstetrical suites. 

In all cases, task lighting techniques should be applied, in the interest of energy 
management and of optimum distribution system capacity. 

2.3.1 Loads by Function. For initial calculations, llghting connected loads may 
be estimated relying on the designer’s previous experience or they may be esti- 
mated using the IES lighting power budget technique. Readers should refer to the 
references for this chapter and to the body of Chapter 7 for more on this subject. 
2.3.2 Lighting Demand. As with other types of loads, demand factors may be 

applied to lighting connected load when determining distribution system compo- 
nent capacity. The appropriate factor will depend upon some or all of the 
following: 

(1) Function performed in the area served 
(2) Means of lighting control, that is, switching, dimming 
(3) Hours of operation for the area served. 
As an upper limit, the continuous load supplied by a lighting branch circuit 

should not exceed 80% of the branch circuit rating. For good design practice, the 
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continuous load supplied should not exceed 70% of the branch circuit rating. 
ANSI/NFPA 70-1984 [2]12 permits the use of lighting demand factors in calcu- 

lating lighting load on feeders. Refer to Table 220-11. However, designers should 
develop their own factors based on the characteristics of a specific project, con- 
sistent with restraints imposed by code authorities. 

The factors shown in Table 1 may be used in sizing the distribution system 
components shown and should result in a conservative design. The factors should 
be applied to connected lighting load in the first step, and then, to the product 
resulting from previous steps as the designer proceeds through the system. 

2.4 Power Loads. Power loads may be divided into broad categories: 
(1) Building equipment 

(a) Heating, ventilating, air conditioning 
(b) Transportation (elevators, escalators, trolleys) 
(c) Auxiliary pumps (fire, sump, clinical air and vacuum, pneumatic tube) 

(2) Functional equipment 
(a) Kitchen 
(b) Data processing 
(c) Communication systems 
(d) Office machines and copy equipment 

(a) X-ray 
(b) Radiation therapy 
(c) Laboratory 
(d) Surgery 
(e) Intensive care, recovery, emergency 
( f )  Physical and occupational therapy 
(g) Inhalation therapy 
(h) Pharmacy 
(i) Materials management 
U) Medical records. 

(3) Medical equipment 

NOTE: Major loads occur in the first two categories, and these loads are similar to those in other 
types of commercial buildings. The third category is unique to health care. 

Table 1 
Factors Used in Sizing Distribution &&.em Components 

Distribution System Component Lighting Demand Factor 

Lighting panelboard buss and main overcurrent device 
Lghting panelboard feeder and feeder overcurrent device 
Distribution panelboard buss and main overcurrent device 

First 50000 W or less 
AU over 50000 W 

Remaining components 

1 .o 
1 .o 

0.5 
0.4 
0.4 

l2  The numbers in brackets correspond to those in the references at the end of this chapter. 
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2.4.1 Building Equipment. The types of heating, ventilating, and air condition- 
ing systems chosen for a specific building will have the greatest single effect on 
electrical load. First, the choice of fuel will be critical. If natural gas, fuel oil, or 
coal is chosen, electrical loads will be lower than would be the case if electricity 
were chosen. Second, the choice of refrigeration cycle will have considerable 
impact. If absorption chillers are chosen, electrical loads will be lower than those 
imposed by electric centrifugal or reciprocating chillers. Early discussions between 
mechanical and electrical designers will be advantageous in planning the electri- 
cal distribution system. 

For initial estimates, before actual loads are known, the factors shown in Table 2 
may be used to establish the major elements of the electrical system serving 
HVAC systems. 

Elevators usually are large loads, but since only a few are required in most 
health care facilities, elevators do not represent a large portion of total load. For 
preliminary design of the distribution system in buildings of up to twelve stories, 
assuming vertical speeds up to 450 ft/min, 4500 lb capacity, the following loads 
may be used: 

Electric traction elevators, each 35-50 hp 
Hydraulic elevators, each 40-75 hp 

Hydraulic elevators ordinarily will not be employed in buildings higher than 
seven stories and speeds usually will be limited to 150 ft/min. However, capacities 

Table 2 
Factors Used to Establish Major Elements of the 

Electrical System Serving HVAC Systems 

Item unit 

Refrigeration Machines: 
Absorption 
Centrifugal 
Reciprocating 

Auxiliary Pumps & Fans: 
Chilled Water Pumps 
Condenser Water Pumps 

Absorption 
Centrifugal/Reciprocating 

Absorption 
Centrifugal/Reciprocating 

Cooling Tower Fans 

Boilers: 
Natural Gas/Fuel Oil 
Coal 

Boiler Auxiliary Pumps: 
Deaerator 

Auxiliary Equipment: 
Clinical Vacuum Pumps 
Clinical Air Compressors 

kVA/Ton of Chiller Capacity 

1 .oo 

0.08 

0.07 

0.07 
kVA/Boiler Horsepower 

0.07 

kVA/Boiler Horsepower 
0.10 

kVA/ Bed 
0.18 
0.10 
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may be hgher than 4500 lb. Actual loads should be obtained from the elevator 
vendor once vertical transportation requirements have been defined sufficiently 
to permit calculation. 

Escalators are not used frequently in health care facilities but may be employed 
in a few buildings. For initial estimates, escalator load will approximate 25 hp for 
each landing served above the first. 

Horizontal and vertical transportation systems for food, supplies, and materials 
using automated trolleys or carts are found in a few large health care facilities. 
Pneumatic tube systems are more common and may be employed as the sole 
means of transport for small supplies and paper records or as one component in 
a materials handling system. Automated trolleys or carts impose relatively small 
loads (less than 10 hp) at numerous locations but will usually be combined with 
dedicated elevators whose loads will be similar to a service elevator. Pneumatic 
tube systems are powered by vacuum pumps or exhausters located in a few cen- 
tral locations. Motor drives will vary depending on the extent of the system but 
are under 10 hp (many, less than 3 hp). 

2.4.2 F’unctional Equipment. Equipment of this type usually consists of numer- 
ous small loads except that used in kitchens and except for some office copiers. 
The effect on the electrical system is to require panelboard space and multiple 
branch circuits but low load density. 

The choice of fuel in the kitchen is the major determinant. If natural gas is the 
primary fuel, electrical loads will be lower on a watts per square foot basis than 
where electricity is the primary fuel. Preliminary planning should address this 
question early. For estimating purposes, the following factors may be used. In 
calculating kitchen floor area include cooking and preparation, dishwashing, stor- 
age, walk-in refrigerator/freezer, food serving lines, tray assembly and offices. 

Primary Fuel Watts/Sauare Foot 
Natural Gas 
Electricity 

25 
125 

Computer equipment is employed in several areas of the typical hospital. As a 
minimum, stand-alone systems for patient and general accounting and for labora- 
tory analyses may be anticipated. However, it is common to find these integrated 
into hospital-wide management information systems today. Such systems use 
multiple input stations throughout the hospital, all intended to produce a unified 
patient bill at the time of patient discharge plus inventory control, third party 
billing, and portions of the patient’s medical record. 
As in other types of facilities, computer power requirements are usually mod- 

erate at the central processor location and low at distributed input stations. For 
most installations found in hospitals, the total load at the central location will not 
exceed 45 kVA. Occasionally, large systems or multiple systems housed together 
may require up to 75 kVA. 

At CRT or teletype input stations, power demand will not exceed 1 kVA. 
While the quantity of power is important, the quality and reliability of the volt- 

age supply are equally important. Use of isolating transformers is common, often 
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including electrostatic shields. While there are exceptions, use of uninterruptible 
power supplies is not common. However, service as direct from the source as pos- 
sible would be desirable. 

Power demand from communication systems, as individual loads and as a 
whole, is low. Individual loads will not exceed 2 kVA usually, with most less than 
1.5 kVA. 

As in other commercial structures, there will be a large quantity of office 
equipment (typewriters, word processors, copiers) but power required will be low, 
on the order of 0.3 to 1.2 kVA per item. The exception will be large copy 
machines. These may be estimated at  3 to 6 kVA each. 

2.4.3 Medical Equipment. Types of medical equipment employed in the several 
departments of health care facilities are discussed in Chapter 9. 

Power distribution systems serving multiple X-ray machine installations require 
special attention. Designers should always be guided by the specific data fur- 
nished by vendors supplying equipment for the specific facility. However, an excel- 
lent planning guide is available as a NEMA standard (NEMA xR9-1984 [4]) and 
should be consulted. 

Quality of voltage supplied is important to X-ray installations. Again, service as 
direct as possible from the source is desirable. Minimum transient disturbance 
and voltage drop are essential. 

While momentary demand of X-ray installations will figure prominently in 
feeder and distribution equipment sizing, it need not be considered in calculating 
overall power demand imposed on the source, provided it is a part of a moderate 
size system. If the system requires 750 kVA or more, the momentary nature of 
X-ray operation will not add measurably to the overall demand. For small sys- 
tems and for additions to existing facilities where service equipment is near 
capacity, some provision for X-ray demand may be advisable. 

Clinical laboratories in hospitals require numerous branch circuits to serve the 
multitude of electrical devices but load density is usually low and individual 
equipment loads are low, most under 1 kVA. A few pieces of equipment in labora- 
tories today perform multiple specialized tests. The loads for these will range 
between 3 and 8 kVA each. These same items often are sensitive to transient con- 
ditions on the  power system and  may require locally applied transient 
suppressors. 

2.5 Overall Demand Factors. A tabulation of actual service entrance demand 
per gross square foot is presented in Tables 3 and 4 for a group of health care 
facilities. Data used in preparation of these tables was obtained from the Veter- 
an's Administration and Hospital Corporation of America. Refer to footnotes 
accompanying the tables for the criteria on which these tables are based. 

The tables show the type of facility, the gross floor area and number of beds for 
each, the geographic location and the major fuel type employed for WAC systems 
in that facility. The derived factors may be used to estimate the anticipated 
demand for other facilities similar in size, location, and type of fuel. They also 
may be used to make initial estimates of service entrance capacity, switchgear 
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size and space required for service entrance equipment. It is important to recog- 
nize, however, that they will be useful principally in the schematic design phase. 
As design proceeds through the preliminary and working drawing phases, these 
initial estimates should be modified by the actual conditions prevalent in the 
project. 

Figures 1 and 2 present operating load data for a large general medical and 
surgical hospital located in the southeastern United States. It should be useful in 
visualizing changes in demand over time for a typical operating hospital. Candler 
General Hospital is a 305 bed facility, 402000 gross ft2, situated in Savannah, 
Georgia. The principal fuel employed for heating is natural gas with fuel oil 
standby. The chillers are centrifugal. Data for the charts was obtained by operat- 
ing personnel during the cooling season, the peak period in this location. 

2.6 Energy Management. To gain a better perspective of the impact of energy 
management on the nation's plan to meet future energy goals, an overall view of 
past, current and projected energy usage is necessary. Government and inde- 
pendent researchers have developed energy consumption projections to the year 
2000 based on historical data on the total domestic energy usage over the past 
81 years. Rgure 3 is a graphic representation of usage from 1900 to 1981. Energy 
used in "quads" is plotted against years. A quad is 1 quadrillion Btu's (2.93 X 
10" kwh) or more conveniently the approximate amount of energy used by a 
city of 1 million people every three years. The distribution of usage by industrial, 
residential and commercial, and transportation is respectively three-eighths, three- 
eighths, and one-quarter of the total: 74 quads. An extrapolation of the historical 
data and a reasonable projection by the National Academy of Sciences to the 
year 2000 indicates consumption could be 175 quads. By incorporating the best 

Table 3 
Service Entrance Peak Demand (Veterans Administration) 

Floor Area Degree Days' Principal' Watts Per Sq ft* 
Hospital Square Feet Beds' Cooling Heating Fuel-HVAC Maximum Average 

V A  Hospital #1 821 OOO 922 234 3536 NG/FO 4.5 3.5 
V A  Hospital #2 334 OOO 500 863 5713 NG/FO 5.2 3.9 

V A  Hospital #5 503 500 697 3495 841 NG/FO 7.2 5.5 
V A  Hospital 4% 800000 1050 600 7400 NG/FO 5.9 4.2 

V A  Hospital #3 645 995 670 3488 1488 NG/FO 3.8 2.8 
V.A. Hospital #4 681 OOO 600 1016 654 NG/FO 6.1 4.0 

* Total beds shown. Beds actually occupied could affect values shown for watts per square foot. 
' Degree Days: Normals, Base 65 OF, based on 1941-70 period. From Local Climatological Data 

* NG/FO = Natural Gas/Fuel Oil; E = Electricity. Principal fuel is defined as that used for heating. In 

*Watts per square foot based on measured values at service entrance during metering periods 

Series, 1974, N O M  

all cases, electricity was the fuel used for refngeration. 

ranging from 9 to 17 days, during cooling season in all instances, 1981. 

45 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 19:31:48 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 602-1986

http://www.avadocuments.com/doc/ieee-602-1986
http://www.avadocuments.com/doc/ieee-602-1986


ANSVIEEE 
Std 602-1986 C-R 2 

Table 4 
Service Entrance Peak Demand (Hospital Corporation of America) 

Hospital 
and Location 

#1 - East 
#2 - Southeast 
#3 - Central 
#4 - Central 
#5 - Central 
#6 - Southeast 

#8 - Southwest 
#9 - West 
#10 - Southeast 
#11 - Southeast 
#12 - Southeast 
#13 - East 
#14 - East 
#15 - Southeast 
#16 - Southwest 
#17 - Central 
#18 - Northwest 
#19 - Central 
#20 - West 
#21 - Southeast 
#22 - Central 
#23 - Central 
#24 - West 
#25 - Southeast 
#26 - Southeast 
#27 - Central 
#28 - Southeast 

#30 - Central 
#31 - Southeast 
#32 - West 
#33 - Central 
#34 - Southeast 
#35 - West 
#36 - Southwest 
#37 - Central 

#7 - East 

#29 - East 

Floor Area 
Square Feet 

273 OOO 
278 000 
123 OOO 
36 365 

318 OOO 
182 000 
283 523 
135 396 
190 000 
161 000 
157 639 
162 187 
109 617 
76 000 

135 150 
75 769 
75 769 

129 000 
54 938 

144 000 
149 000 
89 000 

128 500 
135 169 
80 OOO 
83 117 
51 000 
66 528 

112 000 
202 000 
56 000 
47 434 
23 835 

105 000 
48 575 

133 000 
42 879 

Beds * 

458 
250 
157 
62 

300 
225 
320 
150 
97 

170 
214 
222 
146 
153 
190 
131 
128 
150 
108 
160 
123 
128 
150 
170 
124 
126 
97 

120 
140 
223 

51 
50 
32 
95 
60 

185 
66 

Degree Days + Principal * Watts Per Sq ft  8 
Cooling Heating Fuel-WAC Maximum 

- 
1353 
2294 

2029 
1107 
3 786 
1030 
2250 

927 
3226 
2078 
2 143 
1030 
1030 
1995 
2587 
1636 
714 

1694 
2814 
2078 
2029 
1197 
927 

1722 
3226 
1569 
2929 
1394 
1636 
3786 

927 
1694 
2 706 
3042 
2587 
1694 

3939 
2240 

322711 
4306 

29911 
4307 
2621 I1 
5983 
73311 

2146 
237811 
430711 
430711 
254711 
238211 
350511 
583311 
369611 
1752 
214611 
322711 
472911 
598311 
297511 

73311 
3478 

90211 
3514 
3505 

29911 
598311 
369611 
146511 

10811 
238211 
369611 

NG/FO 
NG/FO 
NG/FO 

E 
NG/FO 
NG/FO 
NG/FO 
NG/FO 
NG/FO 
NG/FO 
NG/FO 
NG/FU 
NG/FO 

E 
NG/FO 
NG/FO 
NG/FO 
NG/FO 

E 
NG/FO 
NG/FO 

E 
NG/FO 
NG/FO 
NG/FO 
NG/FO 

E 
E 

NG/FO 
NG/FO 
NG/FO 
NG/E 

E 
NG/FO 
NG/E 

NG/FO 
E 

6.8 
6.3 
7.5 

13.7 
4.6 
5.3 
6.8 
6.6 
2.8 
6.3 
7.3 
4.3 
5.7 
8.8 
5.9 
7.4 
6.3 
4.4 

13.3 
4.5 
4.5 
8.4 
6.2 
4.7 
6.2 
8.5 
8.8 
9.7 
4.3 
4.8 
7.4 
7.0 

10.8 
8.3 
7.7 
6.3 

15.7 

* Total beds shown. Beds actually occupied could affect values shown for watts per square foot. 
'Degree Days: Normals, Base 65 "F, based on 1941-70 period. From Local Climatological Data 

* NG/FO = Natural Gas/Fuel Oil; E = Electricity. Principal fuel is defined as that used for heating. In 

Watts per square foot based on measured values by utility company meter at service entrance, 

Series, 1974, NOkk  

all cases, electricity was the fuel used for refrigeration. 

1977. 
1 1  Data shown for nearest recorded location. 
(Each facility was self-contained, in that refrigeration and air conditioning equipment loads are 

included in power demands shown.) 
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Fig 1 
Load Profile 

Candler General Hospital 

kW Demand 
6/29/81 - 7/31/81 
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