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Abstract

An IEEE sponsored relisbility survey to deter-
mine the cost of electrical Interruptions in commer-
clal buildings was completed in 1974, The survey
form was a simplified version of forms used {n 1972
reliability study of industrial plants. The gurvey
included building types and locacions, and length and
cost of electrical service {nterruptions. The survey
results reflect data from 48 compenies covering
55 buildings in the United Scates. This information
is useful in the design of electzical systems for
commercial buildings,

Introduction

Knowledge of the cost of power outages, both for nor-
mal and critical services, 1s useful in the design of
comnsrcial building power systems, allowing cost-
affective judgements to be made with respect to the
installation of a2 second urility company service, an
emergency generator, or posaibly an uninterruptible
power supply.

During 1974, the Relfability Subcommittee of the
Industrial and Commercial Power Systems Commirtee
completed a survey of the cost of electrical fnter-
ruptions in commercial buildings in the United States.
Included in this paper are the following results:

1 Cost of power outages to commercial buildings
($ per KWH of undelivered energy).

2 Cost of power outages to comrercial bulldings
($ ger square foor/hr and § per employee/br).

3 Critical service loss duration time (lemgth of
time before an interruption causes a signif-
icant loas).

§ Miscellaneous Ltems relacive to provision of
auxiliary generators, types of electrical ser-
vice, end other physical data.

Survey Form

The survey form {s shown in Appendix A (two pages).
A simple multiple cholce or single line f{ll-in
form was utilized in an attempt to reduce the time
of the responders, but still provide pertinent data
for a meaningful analysis.

Response to Survey

A total of 48 companias reporting on 55 buildings re-
sponded to the survey with complete data. Incomplete
dats, omitting the critical outage cost information
was received on 121 additional buildings. Unfortu-
nately, this data was of no value in the present
survey. Valid data was submitted almost equally for
bulldings located in the eastein, central, and western
regions of the U.S.A,; with 43 percent of the bulld-
ings in downtown areas, 17 percent in urban areas, and
40 percent in suburban aress. Forty-six percent of
the buildings were used 5 days per week; 39 percent,
€ days per week; and 15 percent, 7 days per week,
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Survey Data Preparation

All of the returned survey forms were reviewed. Use-
sble data was punched onto computer cards for use in
data processing.

Survey Results -~ Cost pf Power Outages

Each respondent was asked to report on the cost of
power outages as follows:

1 Dollars per fatlure -- 15-minute duration, one-
hour duration, and greater than one-hour dura-
tion; total value of lost operation imcluding
wages, damages for delays, loss of computer time,
and loss of retail sales minus cost of goods mot
sold was to be included.

2 Critical service loss duraticon time -- length of
time before an interruption causes a signiffcant
loss.

3 Building maximum power demand, and usage, as well
#3 aresa and number of employees.

The data made Lt possible to calculate the cost of
power outages in terms of dollars per kilowatt-hours
of undelivered energy at bullding pesk load.
The sverage cost of power outages from the survey for
the buildings surveyed is given in Table 1.

TABLE 1

AVERAGE COST OF POWER OUTAGES
FOR BUILDINGS IN YHE UNITED STATES

All commercial buildings $7.21/KWH not delivered

Office buildings only $8.86/KWH not delivered

The average maximum demand was 3,095 KW for all com-
wercial buildings reporting outage costs. The maxi-
ma demand for the office buildings was only 3,035 KW.

Additional details of the cost of power cutages are
given in Tables Z, 3, and 4. The tables present addi-
tional data including:

1 Outage costs for "office buildings™ as a function
of duration of outage for three time periods.

2 Effeet of computers on outage costs.

3 Relationship of outage costs te: KWH not deliv-
ered, to cost per 1,000 square feet per hour of
building affected, and to cost per employee per
hour affected.

1/ Other pembers of Sub-Compittee: A.D. Patten
man; C.R, Heilsing, Vice Chalrman; C.E. Becker;
M.F. Chamow; W.H, Dickinson; M.D. Harris; R.T.
Kulvicki; D.W. McWilliams; R.W, Parisfan; Stanley
Vells

Chair-
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TABLE 2

OUTAGE COSTS FOR "OFFICE BUILDINGS™
AS A FUNCTION OF DURATION
(WITH AND WITHOUT COMPUTERS)

TABLE 3

ANNEX C

OUTAGE COST5S FOR "OFFICE BUILDINGS"
AS A PUNCTION OF DURATICN
(WITHOUT COMPUTERS)

Sampl
Sample e
Size |Maximus|Minimun|Average| Siis Minimim bl
15-Minute Duration 15-Minute Duration
Cost/peak KW hr. Cost/pask KW hr.
not delivered 25 |5 22,2205 1.s0ls 7.s4l not deliverad 11 |$ 20.70|s 1508 5.84
Coat /1,000 sq. ft. of Cost/1,000 sg. fr. of
bldg. /hr. 26 | 2476 | 105 | s3.8 bldg. /ot 1 | 107.4 | 10.54| 49.54
Cost/employee/hr. 26 52.0 1.0 16.0 Coat/employse/hr, 11 28.36 3.00} 12.56
1-Kour Duration |1-Hour Duration
Cost/peak KW hr. Cost/peak KW hr,
not delivered 29 |s 24.93|s o.64ls 6.74 _mot delivered 13 1§ 13.33|$% 0.91)% 5.30
ot/ A0 s B0 w:ifll'?:o kil 15 | 120.0 5.24] 49.42
bldg. /hr. 32 | 125.00] 5.24] s3.12 8. /hr. . . "
Cont/enployee/hr. 32 34.30 1.25) 12.22 Cost/employee/hr. 15 26.57 1,25} 10.64
Duration 1 Hour Duration 1 Hour
Cost/peak KW hr. g:-tﬂ-;:om hri . 3 | $100.00{§ 1.97|$ 36.66]
not delivered 13 100.00 0. A st/l1, sq. fr. o
Cost/1,000 sq. ft. of # £ 1648 36,06 bldg./hr. 3 320.00| 48.00] 156.00|
bldg./hr. 14 320.00 1.05] 68.06 Cost/employss/hr. 3 50.00 4.00] 27.52
ICost/femployee/hr. 14 75.80 0.48} 16.41
TABLE 4
OUTAGE COSTS FOR "OFFICE BUILDINGS"
AS A FUNCTION OF DURATION
(WITH COMPUTERS)
Sample|
Size |Maximum| Miniwum|Average
15-Minute Duratic¢n
Cost/peak KW hr, not
not delivered 14 135 22.221% 1.8B{% 8.89
Cont/1,000 sq. ft. of
bldg./hr. 15 250.00| 16.57| 78.21
Cost/employee/hr. 15 52.00 4.00| 1B.53]
1-Hour Duration
Cost/peak KW hr.
not delivered 16 |$ 24.93(% 1,88|% B8.30
Cost/1,000 sq: ft. of
bldg./hr 17 125.00| 15.88| 54.52
Cost/employee/hr. 17 34,30 4.00] 13.62
Duration 1 Hour
Cost/peak KW hr.
ot delivered 10 |$ 67.86)5 O0.16]% 9.81
Cost/1,000 sq. fr. of
bldg. /hr. 11 236.19 L.05| 44.08
Cost/employee/hr. 11 75.82 0.48] 12.70
458 Copyright © 2007 IEEE. All rights reserved.
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TABLE 5

CRITICAL SERVICE LOSS DURATION TIME
FOR "ALL BUILDINGS"

Service Loss Dursiivn Tice
1 1 3 1 3 5 |» 1 12
Cyche |[Cycles|Cycles|Sec. [Sec, (Min.|in.  Hour|Hsurs
Fearcent of bulldings
with critical service loss ” o
dutation less then or equel| 3T | O3 | 9% |15z {1z |36 [eaz |79z | yoo:
te the time iadicassd.
TABLE 6
CRITICAL SERVICE LOSS DURATION TIME
FOR "OFFICE BUILDINGS"
Servies Loss Suratien Time
1 1 1 1 3|3 [ 12
el Kyl 1esfsec. [sec. i [iin.gour {Sours
Persent of bulldiagr
g set. tee 1
arttien Teos ooy veeaa| 3 [nes | asx fasr Do [sox |rea fasa freer
e the tine indicated,
TABLE 7

RELATIONSHIP OF AUXILIARY GENERATORS
AND SINGLE FEEDER SERVICE TO "ALL BUILDINGS"

Buildings |No Auxiliary
Number with Generation
of Auxiliary and Only
Responses [Generation|Single Feeder
Buildings with
computers 23 15 1
Buildings with-
out computers 32 13 7
TOTAL 55 28 8

Survey Results -- Critical Service Loss
Duraticn Time

The asount of time an electrical service caa be inter-
Tupted before it causes significant losses is a ques~
tion which cur profession has not been able to suit-

Copyright © 2007 IEEE. All rights reserved.

ably define. The results of the survey indicate thae
individual requiremants for electrical energy are such
that it is probably not possible to establish a gen-
eral critical service loss duration time. The survey
results are shown in Tables 5 and 6.
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TADLE 8 TABLE 3
TYPE OF ELECTRICAL SERVICE PHYSICAL DATA —- "ALL BUILDINGS"
TO ™ALL BUILDINGS"
Sample
Size |Maxigum|Minimum|Average
Husber Type of Service Itenm
of Single Multiplel
Responses| Fesder |Network| Feeder |Other hras, sg. ft. x 108 54 2,085 3 400
Bufldings Mumber of floors 55 52 1 12
:i:ut", » ! y i 2 NHumber of employees 51 7,000] 12 1,384
Buildings
Annual usage ~
st 2 o 10 ? ’ Hegavact hours s2 1101, 210 |11,973
Peak Kilowatr dessnd 52 12,250 95 3,095
TOTAL 35 13 18 n 5
TASLE 11

TABLE 10

PHYS1CAL DATA -~ "OFFI1CE BUILDINGS"

Sample

Itea Size |Maxiouas|Minimum|Average
Ares, #q. ft. x 103 35 1,600( 38 E1)
Humber of flaors s 44 2 13
Nusbar of swployees 33 7,0001 150 1,651

Annual usage -
Megawatt hours 2 51,046 B840 9, hk4
Peak Kilowatt demand a2 17,000| 270 3,035

AVERAGE OF PHYSICAL DATA
FOR “ALL BUILDINGS"
AND FOR "'OFFICE BUILDINGS"

All Office

Icem Buildings [Buildings
Megavatt hours/]1,000 sq. ft,
of buildings arsafyear 35.5 338
Megavatt hours/employee/yaar 20.2 7.5
Pesk Kilowatt demand/1,000 gq.
fr. of bullding area 11.3 11.5
Peak Kilowatt demand/employes 5.0 2.5

Employees /1,000 sq. ft. of
building area 3.9 4.7

Thirty-six percent of "all buildings’ veporting could
be without electrical energy for 5 minutes before the
lack of energy was considered to be critical, while
6 percent could be without energy for only 2 cycles
and 3 percent for only one cycle befora significant
loeses were incurred.

Fifty percent of the "office bulldings" reporting
could be without electrical energy for 5 minutes
before the lack of energy was considered to be crici-
<al, while 10 percent could be without energy for only
2 cycles, and 5 percent for only one cycle before sig-
nificant losses wers iacurred,

Precautionary measures taken to minimize critical out-
ages in duildings where computers are installed are
indicated in Table 7, where &5 percent {15 of 23) of
the buildings reporting have auxiliary generating
tmita. Only 4 percent {1 of 23) of the buildings re-
porting have no auxiliary generation and are served by
& single feeder from the wtility company. A like com—
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parison is shown for buildings not having computers;
in these Lnstances, 41 parcent of the bulldings have
suxiliary generation and 22 percent are served by sin-
gle feeders from the utility company.

Table 8 shows tht type of slectrical service te sl
buildinga reporting. Eighty-seven percent of the
buildings victh computers have network or multiple
feeder service, while 53 percent of the buildings
without computers have network or multiple feeder
aervice.

Survey Results -- Demsnd and Usage Data

Each respondent was asked tc Teport gross floor srea,
mumber of floors, number of employees, and electrical
energy usage and dewand. While not directly related t
the subject of this paper, the dats is of interest, an
will perhaps allew the reader to make & better judge-
went of the validity of the data presented previocusly.
The details are given in Tables 9, 10, and 11.
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It is believad that the employsa data for the "All
Buildings" category may not be valid, sinca it appears
that not all eaployeas vere reported for some multi-
function bulldings, the cffice/retail category in
particular.

Conclusions and Discussion cof Resules

1 Cost of Powar Outages {(Tables 1, 2, 3, and &)

IEEE
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d A comparison of the average costs of ocutages

for cowmmercial buildings with that for indus-
trial plants (Reference 18 shown in Table
12. The data is Interpreted to mesn rhat
short-term cutages in industrial plants could
be more costly than those in commercial build-
ings, vhils long-term cutages are mors costly
in commarcial buildings.

2 There is a wide spread in the coat of power

outages (KWH not deliversd) in commercial
buildings. Even within like types of bufld-
ings, with or without computers, thera is a
great difference in the costs assignad.

The cost per KWH not delivered increases
greatly wvhen the outsge duration time axcaada
one hour. An axception to this is buildings
with computars.

It is probable that for outages of less tharn
one hour, amployees may remain partially pro-
ductive and the temperature of their enviran-
mast remains tolerable. For longer cutages,
stuployeas may have to be furloughad for the
remainder of the day.

The cost of power interruptions for buildings
with computers varies from $6.89/XKWH average
for outages of }5-minutes duration to $9.81/
KWH for outages of graater than one hour., It
is suspected that the small differential is
due to the fact that a short duzation as well
as & long outage renders the computer ircper-
able, and the employees are either non-produc-
tive during this period or repairing possible
damage caused by the outage.

e Additional information on the cost of power
outa; in Sweden, Norway, and tha United
States is contained in Refarence 3.

2 Critical Service Loss Duration Time
Tables 5 and 6)

& As would be expected, there is & wida spread
in the critical time of a pover interruption.
This is probably due to the wide variations of
typa of work being accomplished, the type of
equipsent involved, and the general work eavi-
Tonment. For example, a windowless building
in vhich a sensitive computer operation is
performed would be more rapidly affected than
& window-wall building performing normal of-
fice functions.

b It is suggested that a future survey attempt
to define the rassons for the wide variances.

3 Demand and Ussge Data (Tables %, 10, and 11)

a Of the "all building” data reported, the arcas
averaged 400,000 square feetr, 12 floors in
height, with an annual usage of almost 12,000
magavatt hours, and a demand of 3,095 KW,
Minisum and msximum data were not available.

TABLE 12

COMPARISON OF AVERAGE OJSTS OF POWER OUTAGES
IN COMMERCIAL BUILDINGS AND INDUSTRIAL PLANTS

Type

Cost

All commercisl bulldings

$7.21/¥Wd not delivered

Cffice buildings

$8.86/KWH not deliversd

Industrial plants — all

$1.89/KM interrupted +
$2.68/XWH not delivered

The data for "office buildings" indicate aver-
age values within 10 percant of that for "all
buildings," except for the number of amployees,
which is 1€ parcent greater.

The average slectrical usage for all buildinge
and for office bulldings only is nearly equal
when placed on & par unit basis (33.5 KWH/

8q. Ft.} as is the peak demand (11.3 Watts/
8q. Ft. to 11.5 Watts/Sq. Ft.). The relation-
ahip of usage and demand to employees does not
correlate for all buildings and office build-
ings only. As mentioned hevetofore, the va-
1idity of employee data with ragard to the
Qffice/Ratail category of buildings is ques-
ticnable. On this basis, no atteampt to draw
conclusions has been wade.

Copyright © 2007 IEEE. All rights reserved.
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SURVEY FOR ON COST OF FLECTRICAL INTERRUPTIONS IN COMMERCIAL BUILDINGS
" INETITUTE OF
ELCCTRICAL AND
@ ELECTRONICS
ENGINEERS, ING.

INDUSTRY AND GENERAL APFLICATIONS GROUP

RELIABILITY SUBCOMMITTEE OF THE INDUSTRIAL
& COMMERCIAL POWER SYSTEMS COMMITTEE

me e ereescna .- Please address aeply to:

Electrinity 44 an integral part of
our every day Eife. T4 4t Lan't

[}

. A. D. Patton
+ available -- ahat i3 its cconemie

]

1

(]

Texas A & M University
Electric Power Institute

effectt Please help us to {ind College Station, TX 77843

out by {illing out Lhis foam.

e e d c e s e ee e eeam.-a Date

T, COMPANY MNAME (Fi11 in 3-letter abbreviation of name)

2. BUILDING NO. (F111 in sequence number 1, 2, 3, etec.
for building(s} reported on)

3. BUILDING TYPE (Check type which best describes your building):
[ office O Office/Retail Sales D Office/Retail Sales/Apartment
DRatail Sales O other {describe)

4. BUILDING LOCATION (Check applicable ftems):
O bowntown; 1 urban; O suburban;
[J usA: Eastern; 3 ush: central; [ usaA: Western

5. BUILDING DATA - GEMERAL

Gross Area, square feet
Kumber of Floors
Average Usage of Building: Hours/Day Days/Week

Estimated Number of Office Employees (if any)

Estimated Annual Retafl Sales (if any)

Is Auxiliary or Emergency Generation Provided: O Yes B
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IEEE

ANNEX C Std 493-2007
SURVEY FORM - COMMERCIAL BUILDINGS IN USA Page 2 of 2
6. BUILDING ELECTRICAL USAGE DATA

7.

Electrical Energy Usage for 12-month Period ]
Electrical Maximum Demand for this Period )

Type of Service: [ Single Feeder; [] Network; [ Multiple Feeders With
Automatic Transfer

3 other (Explain)

COST OF A TOTAL INTERRUFTION OF ELECTRICAL SERVICE TO YOUR BUILDING
DURING PEAK PERIOO: sest Opimion - no interruptions nave
occurred, assume hypothetical instances)

a) 15-Minute Duration $
b} 1-Hour Duration $
c) Hours Duration $

boes &, b, or ¢ include losses from
an "on-line" electroric computer? [ ves j ™

For "Office Buildings* loss should include wages of all employeces affected,
plus any other direct costs incurred including delays, and damage to equip-
ment. This would include any losses from an “on-line" electronic computer.

For "Retail Sales" cost should include estimated loss of sales minus cost
of goods not sold, plus cost of any damage incurred.

LENGTH OF IKTERRUPTION OF ELECTRICAL SERVICE

If there 2 definitive length of time before
an interruption causes a significant loss? 3 Yes O ne

If "Yes", what is maximum time before
significant losses will be incurred? Hours Minutes

Copyright © 2007 IEEE. All rights reserved. 463



IEEE
Std 493-2007 ANNEX C

464 Copyright © 2007 IEEE. All rights reserved.



