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Load Characteristics of Southeastern 
Iowa Farms Using Electric Ranges* 

BY LANDY B. ALTMAN, JR. AND EMIL H. J EBE 

Most farms now have electric energy supplied from 
central stations. As the number of farms using elec
tricity increased and as the application of the electrical 
energy to agricultural production expanded, it became 
evident that the electric load characteristics of farms 
were different from those of residential consumers . 
The farm is a business establishment as well as a resi
dence. Elech·icity is used in brooding, water pumping, 
machinery repair, feed handling and processing, milk
ing, refrigeration and many other productive opera
tions. These uses of elech·icity often occur at the same 
time as similar uses on adjacent farms and at a time 
when electrical household equipment is in operation. 

Load research is a detailed examination of small 
numbers of consumers assumed to be representative 
of a large group to determine load characteristics. 
Many such studies have b een made by the larger utili
ties. The information obtained is used in system de
sign, rate analyses, long-range planning and sales pro
motion programs. Since most farms are served by 
smaller electric dish·ibution companies and coopera
tives which have been unable to undertake this type 
of research , the United States Department of Agricul 
ture in cooperation with the Iowa Agricultural Experi
ment Station and several Iowa power suppliers is 
making a series of studies of farm load characteristics. 

The first of these studies (1) was a load survey on a 
case-study basis conducted in 1950-51. Although con
siderable information was obtained, only 16 farms 
from a small area were metered. The farms used were 
chosen on basis of ownership of major appliances 
without any attempt at random selection. The follow
ing study of farm load characteristics was designed to 
overcome some of the limitations in the previous one. 

LOCATION OF STUDY AREA 

The Eastern Livestock Area of Iowa was chosen for 
this study as a matter of convenience and because 
farming practices and enterprises in this area are 
similar to those followed in much of the Corn Belt. 
An additional reason was the desire to associate this 
study with an economic survey of the use of electricity 
in this area (2). 

0 This study was conducted b y th e Agricultural Research Service , 
Un ited States D epartment of Agricu lture, in cooperation w ith the 
Iowa Agricultura l Experiment Station ( Projec t 1081 ) and seven Iowa 
electric distrib ution companfos and cooperatives . 

The areas in which metering was done are shown 
in fig. 1. There were four sets of meters used in Mar
shall County, two sets with their use divided bel:\,veen 
townships in Muscatine and in Cedar counties, and 
l:\,vo sets in each of the other counties. Power suppliers 
in these counties installed and moved as instructed 
the metering equipment used in this study. 

SELECTION OF THE SAMPLE 

Since the sample size in this survey was restricted 
by the number of meters available, 14, it was decideJ 
to limit the sampling to a homogeneous group. The 
range was selected as the determining characteristic 
in choosing farms for this study. It is well known that 
the range has an important effect on the electrical 
load characteristics of households, and it was believed 
that this effect would appear on the farm load as a 
whole. 

Seven power suppliers agreed to install the 14 sets 
of meters. The universe from which the sample was 
drawn was restricted to the four townships most con
venient to each power supplier's office. One township 
was selected at random at each location. The names of 
all the farms in the selected township that owned 
ranges were listed . Six names were randomly drawn 
from each list. 

The order of metering was randomized each month. 
At each location n,vo of the six farms were metered 
for one week, and the n,vo sets of meters were rotated 
among the six farms in accordance with the randomi
zation schedule. In cases where suitable records were 
not obtained, the farm was remetered the fourth week 
of the month. Even so, six of the weekly demand 
records could not be obtained because of faulty meter 
opreation or inaccessible roads during winter months. 
Farms were metered in the months of May, July, Sep
tember and November 1952 and January and ~'larch 
1953. 

DESCRIPTION OF SAMPLE FARMS 

An information schedule showing the ownership of 
various electrical appliances, size of farm, electrical 
energy used in 1951, the year electrified, livestock en 
terprises, size of house, number of people on the farm 
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EASTERN LIVESTOCK AREA 
OF IOWA 

L-----1 CLINTON 

/OWA 

~ 

~ AREAS FROM WHICH TOWNSHIPS WERE SELECTED 

- TOWNSHIPS FROM WHICH FARMS WERE SELECTED 

F ig. 1. Location of study area. E lecti·jc demand study, 1952-53. 

and transformer size was filled out on each farm . A 
group of bar graphs showing the distributions of some 
of these factors is shown in fig. 2. Four of the farms 
had tvJo families served from a single meter. Such 
farms were not excluded from the study. Two of these 
had two ranges, two had two water heaters, and one 
had two television sets. 

The use of an electric range does not indicate that 
the farms are among the more prosperous in the area. 
It was found in 1948 that 20.7 percent of the low-in
come farms electrified before 1943 used ranges (2). 
The general appearance of several of the farms and 
farm homes in this study indicated that they were in 
the ]ow-income group. 

DESCRIPTIO OF :-'IETERS 

General Elech·ic Type G-9 recording demand 
meters were used to obtain records of the demands of 
the farms. These meters are used in combination with 
watt-hour meters having contact devices in them. The 
meter records· the demand of the circuit on a circular 
chart. The valu es thus recorded represent the demand, 
integrated and averaged, for each LS-minute period . 

The metering equipment was assembled into adap
tor units to provide easy installation and h·ansportabil-
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ity between farms. In most instances, the adaptor 
could be plugged into the meter socket of the farm . 

Graphic, recording, clock-driven, AC ammeters 
were used to obtain records of the cmrent use of 
ranges, water heaters and clothes dryers during 
selected periods. 

LOAD CHARACTERISTICS OF 
INDIVIDUAL FARMS 

The data obtained in this study are presented in 
three sections, namely; load characteristics of indi
vidual farms , coincident or diversified demands ·of 
farms and demand and diversity characteristics of 
appliances. 

MAXIMUM 15-MINUTE DEMANDS 

Thv mean, high and low maximum 15-minute inte
grated demands by months of groups of farms in this 
study are shown in table 1. The farms were divided 
into broad appliance-ownership groups. It may 61; 
noted that the individual farm demands for January 
are only slightly greater than for other months. 

MAXIMUM 2-HOUR DEMANDS 

The maximum 2-hour demands of each farm are of 
use in studies of transformer loading. The mean, high 
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Fig. 2. Dis trib ution of fac tors wh.i.c h may affec t electrical load ch arac te risti cs of farm s in d emand s tud y, southeas ten1 Iowa, 1952 . 
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TABLE 1. MAXIMUM 15-MINUTE DEMANDS OF SAMPLE FARMS 
BY APPLIANCE-OW ERSHIP GROUPS AND MONTHS, SOUTH
EASTERN row A, 1952-53. 

Maximum 15-mioute demand in kilowatts 
Appliance group May July Sept. Nov. Jan. March 
Ranges only ( 10 frums .in group ) 
Mean 3 .5 3 .6 3 .7 3 .5 4 .3 3.6 
High 5 .8 4.6 5.2 5.8 6 .2 4.7 
Low 2.4 2.4 2 .3 2.6 2.4 2.3 
Range and wate r heater ( 25 fanns in group ) 
Mean 4 .8 4.8 4 .7 4 .8 4.8 4.5 
High 7.2 7.0 9.0 7.8 7 .8 7 .3 
Low 1.7 2.0 2.4 2 .6 2.4 0 .9 
Range, cloth es dryer and water heater• ( 7 fa1ms in group ) 
Mean 6.3 6.2 6.1 7 .0 7.0 6.6 
High 8.7 10.3 9 .2 10.6 12.2 11.8 
Low 3 .7 4.1 4.3 4.3 5 .2 5 .0 
Overall average 4 .8 4.7 4 .7 4 .9 5.1 4.6 

0 One fann did n ot u se electric w a ter h eater. 

and low maximum 2-hour demands of the groups of 
farms by months are presented in table 2.1 

Disb.-ibution transformers may be loaded without 
loss of life expectancy to 1.37 times the rated load for 
a 2-hour period with average ambient temperatures 
of 86°F. and with further increases in loading allow
able for lower ambient temperatures (3). It was ob
served from the data that the load on 17 of the 33 

1 The s ize of transform er and th e maxllnum m onthly en ergy consun1p
tions of i11dividual fan11 s may be found in fig. 3 . 

7 112 KV A TRANS FORMER OVERLOAD LINE 

TABLE 2. MAXIMUM 2-HOUR DEMANDS OF SAMPLE FARMS BY 
APPLIANCE-OW ERSHIP GROUPS AND MONTHS, SOUTHEAST
ERN row A, 1952-53. 

Maxllnun1 2-hour d emand in kilowatts 
Applian ce group May July Sept. Nov. Jan. 
Ranges only ( 10 fam1 s io group ) 
Mu n 2~ 1~ 2 .1 
High 4.7 3.5 3.5 
Low 0 .8 1.0 1.4 
Range ancl water /,eater ( 25 fanns in group ) 
Mean 2 .7 2.8 2 .7 
H~h 4 ~ 5~ 5.4 
L ow 1.0 1.3 0 .6 

1.9 
3 .8 
1.0 

2 .2 
4.5 
1.1 

2.9 3 .0 
5.4 5.9 
1.5 0.9 

Range, clothes clryer ancl water heater• ( 7 farms in group ) 
Mu n 4~ 4~ 4~ 5.4 4 .7 
High 7.2 6.7 6.3 8 .5 8.5 
Low 2.7 1.8 3 .1 2.9 3 .2 
Overall average 2.9 2.8 2 .9 3.1 3 .1 

0 One farm did n ot use electric water heater. 

Mru·ch 

1.9 
2.7 
1.4 

3 .0 
5 .8 
0 .8 

5.0 
9.8 
3 .3 
3.1 

transformers serving single farms exceeded the trans
former rating and that 10 of these farms reached this 
load in more than 1 month. Seven of the 17 h·ansfonn
ers served loads more than 1.37 times the rated load. 
The overload on several of these farms occurred dur
ing months when ambient temperatures are low. The 
transformers at only three of the farms were excessive
ly loaded from transformer life expectancy considera
tions. 

Figure 3 which shows the regression of maximum 
2-hour demand on maximum monthly energy con-
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Fh~- 3 . Hegress ion of maximum 2-hour d emand on maximw11 monthly en e rgy consumption of fanns with ranges in southeas tern lowa, 1953 . 



sumption also may be of value in studying transformer 
loading. The sizes of the transformers used are shown 
by symbols. The horizontal dashed lines in this figure 
indicate the maximum 2-hour demands to which the 
different sized transformers can be subjected at 86°F. 
without overloading. From the regression line fitted, 
it may be deduced that approximately one-half of the 
3 kva u·ansformers serving farms with a maximum 
monthly energy consumption of 1,000 kwh would be 
overloaded at the stated ambient air temperature. The 
corresponding kwh point for the 5 kva unit is 2,050. 

The minimum size transformer used on farms with 
ranges was 3 kva. Five of the 10 transformers larger 
than 3 kva and serving a single farm had loads which 
probably could have been served adequately by a 
smaller transformer. 

From transformer life expectancy considerations 
and the data available, it may be concluded that rela
tively few of the distribution transformers are over
loaded and that many of the larger disu·ibution u·ans
formers could handle larger peak loads. In some in
stances the large transformer may have been neces
sary to provide a satisfactory voltage to the farm. 

AVERAGE LOADS 

The average loads of the farms in this study are 
shown by months in table 3. The values in this table 
were obtained by dividing the number of kilowatt 
hours used by the number of hours in the metered 
period, about 168. 

LOAD FACTORS OF FARMS 

The mean, high and low load factors-the ratio of 
average load to peak load-of the sample farms by 
groups are shown in table 4. An examination of the 
data from which this table was obtained showed that 
eight of the sample farms reached load factors of 0.30 
or higher during that part of the month in which the 
farm was metered. Six of these were in the group 
with range and water heater, one was in the range 
only group, and the other in the range, clothes dryer 
and water heater group. The latter two farms were the 
ones which had tv,,o families and two ranges serve<l 
from the same meter. It appears that farms with two 
families living on them may have improved load fac
tors, although both have ranges. The fact that the 
range and water heater group had the highest load 
factors may be noted. That the water heater con-

TABLE 3. AVERAGE LOADS OF SAMPLE FARMS BY APPLIANCE
OWNERSHIP GROUPS AND MONTHS, SOUTHEASTERN IOWA, 
1952-53. 

-~-~~A_v_er--'age load in_ k_ilo_w_ a_tt_s ___ _ 
Appliance group May July Sept. Nov. Jan . March 
Ranges only ( 10 fanns in group) 
Mean 0.49 0.37 0.38 0 .37 0.63 
High 1.79 0.57 0.62 0.59 1.91 
Low 0 .11 0.19 0.24 0.11 0.23 
Range an.cl water heate-r ( 25 £rums in group ) 
Mean 1.00 0 .92 0 .83 0.95 1.10 
High 2.08 2 .14 2 .05 2 .24 2 .31 
Low 0 .19 0.26 0 .19 0.34 0.21 
Range, cloth es dryer and water heate r0 ( 7 fam1s in group ) 
Mean 1.19 1.13 1.13 1.35 1.53 
High 2.00 2.22 2.05 3.28 3.23 
Low 0 .61 0 .50 0.68 0.59 0 .77 
Overall average 0.94 0 .82 0.77 0.88 1.07 

0 One fa1111 did not use electric water heater. 

0.59 
0.92 
0 .19 

1.04 
2 .01 
0.04 

1.34 
3.12 
0.61 
1.00 

tributes to increasing the load factors is evident. 
The peak demands used in determining the load 

factors shown in the last line of table 4 were the 
monthly maximum• coincident demands of the sample 
farms taken as a group. These load factors approxi
mate those of several REA-financed cooperatives in 
this area which serve several thousand farms. 

DEMA1 D FACTORS 

The mean, high and low demand factors-the ratio 
of maximum demand to connected load-of the sample 
farms by groups are shown by months in table 5. The 
stability of the monthly average demand factors, vary
ing only from 0.17 to 0.19, may be noted. An examina
tion of the data from which table 5 was prepared 
showed that the average of the highest demand fac
tors for all farms over the six periods was 0.22, with 
values ranging from 0.13 to 0.34. The lower demand 
factors occurred most frequently on farms with high 
connected loads. 

The highest demand factor of the 42 farms taken as 
a group was 0.08. Thus, only about one-twelfth of the 
available load was in operation at any one time. 

MAXIMUM DEMA DS BY DAYS OF THE WEEK 

The magnitude of the daily maximum demand of 
each farm was tabulated by days of the week and by 
locations for the 6 months of the study. Analyses of 
these data showed that there is no significant effect 
of day of the week on the magnitude of tl1e maximum 
:individual farm demands. 2 These analyses also showed 
that there are real differences between locations and 
between farms within locations in the amount of the 
maximum demands . 

The disu·ibution of the maximum demands for the 
week by days was examined to determine if more de
mand peaks occur on some days than others. Table 
6 shows these data in contingency-table form. It may 
be noted that Monday in each month had a high num
ber of individual demand peaks. When Monday was 
tested against the remainder of the week for each 
month separately, it was found that only in May was 
the number of peak demands significantly greater. 
When the data from the 6 months are pooled, the per-

2 Analysis of vari ance procedures w ere used in analyzing these data. 
Sources of variation w ere locations, fam1s within location s, days of the 
week, days X locations interac tion and days X fanns withiJ-1 1ocation inter
action. 

TABLE 4 . LOAD FACTORS OF SAMPLE FARMS WITH RANGES BY 
APPLIANCE-OWNERSHIP GROUPS AND MONTHS, SOUTHEAST
E R N row A, 1952-53 . 

Load factor 
Appliance group May Jul y Sept. Nov. J an . 
Ranges only ( 10 fan11 s in group ) 
Mean 0.12 0.11 0.10 0 .11 0 .14 
High 0.31 0.14 0 .15 0.23 0.31 
Low 0.04 0.07 0.06 0.03 0.04 
R ange and w ater /, eater ( 25 fanns in group ) 
Mean 0.22 0.20 0.18 0.19 0.23 
High 0.43 0.36 0 .35 0.40 0 .37 
Low 0.08 0.06 0 .0 8 0.11 0 .06 
l~ange, clothes dryer ancl water h.eater0 ( 7 fanns in group ) 
Mean 0.19 0 .18 0.18 0.18 0.21 
High 0.27 0.25 0.27 0.31 0.26 
Low 0.10 0.12 0.14 0.10 0.15 
Overall average 0.20 0.r9 0 .16 0.17 0.20 
Diversified 

load factor 0.54 0.47 0.51 0.46 0 .52 
0 On e fan11 did not use electric water heater. 

March 

0 .16 
0.30 
0.07 

0.23 
0 .42 
0.05 

0.19 
0.26 
0.12 
0.21 

0 .52 
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TABLE 5. DEMAND FACTORS OF SAMPLE FARMS WITH RANGES 
BY APPLIANCE-OWNERSHIP GROUPS AND MONTHS, SOUTH
EASTERN IOWA, 1952-53. 

D emand factor 
Appliance group 7M.,...a-y----;-Ju---,-ly------,Sept. Nov. J an . 
R anges o,ily (IO farms in group ) 
Mean 0.18 0 .18 0 .19 0.18 0.22 
High 0.31 0.25 0.27 0.25 0.32 
Low 0.12 0 .13 0.12 0.12 0.12 
Range and water 11eater ( 25 fatn1 s in group ) 
Mean 0.17 0 .17 0.18 0 .17 0 .18 
High 0 .26 0.28 0.32 0.28 0 .25 
Low 0 .08 0.10 0.10 0.10 0.12 
Range, cloth es drye r and wate r heater0 ( 7 fanns in group ) 
Mean 0.18 0.17 0.18 0.19 0 .20 
High 0.28 0.26 0.32 0 .34 0 .24 
Low 0.08 0.12 0.11 0. 13 0 .13 
Overall average 0.18 0 .17 0.18 0 .18 0.19 

0 One fann did not use electric water beater. 

March 

0 .18 
0 .23 
0.12 

0 .16 
0.30 
0 .05 

0.18 
0.25 
0.12 
0 .18 

sistent high number of peaks occurring on Monday 
shows this clay to have significantly more demand 
peaks than would be expected from a uniform daily 
distribution. 

MAXIMUM DEMANDS BY PERIODS OF THE DAY 

The maximum daily demand of a farm with a range 
may be expected while a meal is being prepared . To 
study the time of the maximum daily demands the 
day was divided into periods: midnight to 10 a.m. , 10 
a.m. to 3 p .m. and 3 p.m. to midnight. The occurrence 
of each daily peak was tabulated in the appropriate 
period . Table 7 shows the counts obtained by months. 
I t may be observed from this table that the individual 
farm peak demand occurred most frequently between 
3 p .m. and midnight. Lighting, ranges and electrical 
equipment used in chore operations usually cause 
rural distribution lines to have their peak loads dur
ing this period. In July the peak demand occurred 
most often between 10 a.m. and 3 p .m. H eavy range 
use and lower evening peaks resulting from natural 
light for doing chores probably caused the high num
ber of peaks during this period. The days of the week 
were not particularly different except for Sunday with 
respect to the time of occurrence of the daily demand 
peak. On Sunday the daily peak demand was most 
likely to occur before 10 a.m. 

RELATIONSHIP OF MAXIMUM DEMAND TO 
CO lNECTED LOAD 

The method of estimating the maximum demand 
recommended by the National Electrical Code (4) for 
dwellings did not give close estimates of the expected 
maximum demands of the farms in this study. Farms 
do not fit exactly into the dwelling category or any 
other classification given in the code. In table 1 it was 
shown that none of the 10 farms with "ranges only" 

TABLE 6. DISTRIBUTION BY DAYS OF THE WEEKLY MAXIMUM 
DEMANDS OF SAMPLE FARMS FOR SIX MONTHLY PERIODS, 
SOUTH EASTERN IOWA, 1952-53. 

N umber of fann maximum demands falling 011° 

Mon th 
1952-53 Mon. Tues . Wed. Thurs. Fri. Sat. Sun. 
May 11.0 4 .0 4.0 1.5 5 .5 5.5 4 .5 
July 9.0 4.0 7.0 2 .5 1.5 9 .0 4 .0 
Sept. 8.5 4 .0 7.0 3 .0 4.5 4 .5 6.5 
Nov. 8.0 5 .0 4 .0 4.0 5 .0 6.0 6 .0 
J an . 6.8 3 .0 7.0 5.8 4 .8 6.5 4.0 
March 5.0 4.8 5 .5 6.0 2.0 9.8 2 .8 
Total 48 .3 24.8 34.5 27.8 23 .3 44.3 2 7.8 

0 If a tie in the amount of th e maxirnum demand of the week occurred 
between 2 o r more days, an appropriate frac tion was tabulated under 
e ach of the days. 
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TABLE 7. DISTRIBUTION OF D AILY MAXI MUM DEMANDS OF 
SAMPLE FARMS BY PERIODS OF THE DAY AND BY MONTHS, 
SOUTHEASTER, IOWA, 1952-53 . 

Number of farms with daily demand peak falling on• 
Month and 

interval 

7
0.,...f_ d~ay ______ M_o_n . Tues. W ed. Thurs. Fri. Sat. Sun . Total 

May 
12 a.m .- 10 a.m. 16 10 15 13 14 8 16 92 
10 a.m .- 3 p .m. 8 15 15 16 11 18 11 94 
3 p.m .- 12 a. m. 15 16 10 11 15 14 13 94 
July 
12 a.m.- 10 a.m . 9 12 8 11 12 20 21 93 
10 a.111.-3 p .m. 15 15 24 21 14 15 13 117 
3 p .m .- 12 a.111. 16 15 10 10 16 7 7 81 
Sept. 
12 a.rn.- 10 a.m. 9 11 14 11 13 11 17 86 
10 a.m.-3 p.m. 20 13 12 9 15 12 12 93 
3 p.m. - 12 a.m . 11 17 15 21 13 18 12 107 
N ov. 
12 a.m .- 10 a.m. 14 12 10 8 10 14 14 82 
10 a.m .-3 p .m . 7 14 8 9 15 4 14 71 
3 p.m. - 12 a.m. 16 11 19 16 12 19 9 102 
Jan.. 
12 a .m .- 10 a.m. 11 10 13 9 7 6 13 69 
10 a .m.-3 p.m. 10 8 6 15 9 14 11 73 
3 p.m.-12 a.m. 17 20 19 14 22 18 14 124 
1\tlarch 
12 a.m. - 10 a.m . 6 12 12 7 13 10 13 73 
10 a.m.- 3 p.m. 10 7 11 9 10 14 11 72 
3 p .m.- 12 a.m . 20 17 13 20 13 12 12 107 
Total 
12 a.m.- 10 a.m. 65 67 72 59 69 69 94 495 
10 a.in. -3 p.m . 70 72 76 79 74 77 72 520 
3 p. m.- 12 a.m. 95 96 86 92 91 88 67 615 

0 Due to missing or incomplete records, these totals by clays within a 
month may not add to 42 farms. 

had a maximum 15-minute demand as high as the 8 
kw that could occur from the full use of the range 
alone. The addition of the expected demands for light
ing, small appliances, motors and special appliances 
would give very high estimates of maximum demands. 

The great multiplicity of electrical appliances and 
the high within farm diversity in their use make farms 
a special class for maximum demand estimation. A 
common method of estimation of the maximum de
mand is to determine the connected load and multiply 
it by an appropriate demand factor. Unless this load 
is broken into blocks, as is done in the National Elec
trical Cocle for dwellings, and a high demand factor 
used with the first block, the maximum expected de
mand of the farms with small connected loads will b0 
underestimated, those with large loads overestimated. 

Th e relationship between the maximum demand 
and connected load may b e better described by a 

linear regression of the form Y= a+ bX rather than as 
a fixed demand factor. 3 Figure 4 shows the regression 
line of the maximum 15-minute demands of the farms 
for the year on the connected loads and the plotted 
points for these variates . When Y equals the maximum 
demand and X equals the connected load in kilowatts, 
a b etter estimate of the maximum demand of farms 
using ranges in this area can be obtained through the 
use of the equation 

Y = 2.098+0.137 X 
than by use of the average demand factor. 

The above regression is an average line. If it is de
sired to use this line for estimating the probable 15-
minute maximum demand of a farm with a range and 

3 It should be noted that use of th e fixed demand factor calcul ated as 

~ ~where R 1= Yxi· for each metered custom er assum es a regression. 
Il ., l 

Y1 is taken to be the obse1ved m aximum load and X1 to be the 
A 

connected load . Th e regression considered is one of the fo1m Y = bX with 
the vadance of Y proportional to X 2 . From fig. 4 it may be observed that 
such a variance law is inappropriate for the data at hand and that th e 

A 

linear regression , Y = a + bX, is a 1nore adequate representation. 



~12 i-------;---------+------+------+-------J-----+---- -+-------+-------1 
._ 
<t 
3 
0 
..J 

~ IO t--------1--------1-------l-----+-----+-----+-------+------+-----7 

0 
z 
<t 
::lE 
11.1 
0 

_____________ J------
8 f-----+------+-----+-----+-----l-----\----::;;~~:__-t-----+----i -~ 

. ~~~ . ·. 
It) -:- - . . - - :::::-::-i 

-~' /I 
Y : 2 .0 9 8 + 0 . I 3 6 5 X ~-· . j· 

4 I--------'+---~. -----1------1-----1-~, ---1------+------l---------+------+------i 
• I 

I 
I 

Ix 2 ..._ ____ ....,_ ____ ....1... ____ __._ _ _ __,_ _ __. _____ L.._ ____ ..,_ _ ___ _,__ ____ ~ ----~ 

10 15 20 25 30 35 40 45 50 55 
CONNECTED LOAD- KI LOWATTS 

Fig. 4. Regression of maximum 15-minute d emand on connected load of farms with ranges in southeastern Iowa, 1953. 

not underestimate about half of the time, an additional 
demand of about 2 kw should be added. A further 
addition to the expected maximum demand should be 
made if a clothes dryer is used .4 

RELATIONSHIP OF MAXIMUM DEMAND 
AND E ERGY CONSUMPTION 

Figures 3 and 5 show respectively the regression of 
the individual maximum 2-hour demands and maxi
mum 15-minute demands on the maximum monthly 
energy consumption. The maximum demands and 
monthly energy consumptions are the highest which 
occurred during any of the six 1-week periods in 
which the farms were metered. Maximum monthly 
energy consumption rather than average load was 
used as the independent variable because of its avail
ability to power suppliers. In this study these values 
were obtained by multiplying the average load for 
the period metered by 720, the number of hours in a 
30-day month. 

The linear regression of maximum 15-minute or 2-
hour demands on maximum monthly energy consump -

4 The regression model could be extended to take account of some 
appliances that 1nake n1ajor contributions to the maximwn load by ex
plicitly introducing the presence or absence of various key appliances, e .g., 
clothes dryer, into the estim ating eq uation. For such variables, the re
gress ion coeffi cient would indicate directly the average contribution of 
the appliance to the demand. 

tions gave better estimates of the maximum demands 
of the farms in this study than did the regression of 
maximum 15-minute demand on connected load . In 
the data at hand, approximately 54 percent of the 
variation in maximum demands may be explained by 
its regression on maximum monthly energy consump
tion as compared with 41 percent when connected 
load is used as the predictor. A multiple regression of 
maximum 15-minute demand on connected load and 
maximum monthly energy consumption resulted in a 
h·ivial increase in percentage of the variation ex
plained by the two predictors as compared with the 
54 percent obtained by use of maximum monthly 
energy consumption alone. This can be explained in 
part by the fact that connected load and maximum 
monthly energy consumption are highly correlated . In 
these data this correlation was 0.704. 

As may be observed in figs. 3, 4 and 5, the variation 
in maximum demand among farms with approximately 
the same maximum monthly energy consumption or 
same connected load is high. For use in estimating 
the probable maximum demand, the regression line 
gives only average values. The nature of the appli
ances owned also must be considered. For example, 
on farms using clothes dryers, the maximum demands 
are likely to be higher than for the average of a group 
of farms with similar connected loads or maximum 
monthly energy consumptions not using clothes dryers. 
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COINCIDE T OR DIVERSIFIED 
DEMANDS OF FARMS 

One of the characteristics of farm electrical loads 
is the similarity in time of use of particular appli
ances. Most farmers get up in the morning, do the 
chores and have their meals at the same time as their 
neighbors. H eat lamps are used for pigs, baby chicks 
are brooded and the heated livestock waterers operate 
at the same season on each farm. Each homemaker 
does the laund1y, bake , cooks meals or does the 
dishes at about the same time as others. 

This lack of diversity or coincidence in use of elec
tricity among farms makes it necessary for power 
suppliers to have generation and line capacity con
siderably in excess of average loads. The degree of 
diversity in use of electr icity among the farms in this 
study will be shown as a diversity factor, by average 
daily load curves and by curves showing average 
maximum coincident demands per farm for various 
group sizes. 

DIVERSITY FACTOR 

The ratio of the sum of the individual farm maxi
mum demands occurring at various times to the simul-
taneous maximum demand of all the farms is defined 
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as the diversity factor (5). The maximum demand ob
served for this study was 82.0 kw for 38 farms. This 
demand occurred from 5:30 to 5:45 p.m. on Tuesdays 
in January. The sum of the individual 15-minute maxi
mum demands for the 38 farms was 225.3 kw. The 
diversity factor obtained from these values is 2.75. 

The coincidence factor-the reciprocal of the di
versity factor-of the farms in this study was 0.36. 

Some additional diversity is introduced by consid
ering the weeks in the month alike with respect to use 
of electricity. The actual diversity factor for the farms 
in this study is probably slightly lower than the figure 
given. The magnitude of the error thus introduced 
will be discussed in a later section. 

DAILY LOAD CURVES 

Figure 6 shows average daily load curves for the 
farms in this study for the 6 months considered. The 
15-minute demands of the days of the week were 
added together by periods making approximately 294 
observations in each point. These are not indepen
dent since each farm appears about seven times. 
The shift in the time of the peak demand of the farms 
by seasons may be noted. The parts of the curve 
drawn with the dashed line are for periods of the day 



when data were not tabulated since loads are general
ly light at these times. Data were tabulated for the 
periods 4 to 4: 15 a.m., 6 a .m. to 1:30 p.m., 3 to 3:15 
p.m., 4:30 to 10:15 p.rn. , and 11 to 11:15 p.m. except 
in May and July when the evening period was tabu
lated from 4:30 to 8:30 p.m. 

A VERA GE MAXIMUM COINCIDENT DEMAND 

The diversity in individual demands among farms-· 
the fact that the maximum demands of every consumer 
do not fall at the same time-may be analyzed in 
several ways. Two methods have ah-eady been de
scribed briefly: diversity factors, the ratio of the sum 
of the individual maximum demands to the maximum 
demand of the whole system or the part under con
sideration (5); and coincidence factors , the reciprocal 
of the diversity factors. Curves of average coincident 
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maximum demand per farm for various group sizes 
are also used (6). The latter was chosen for more de
tailed consideration here so that the magnitude of the 
coincident maximtlJ-11 demand for various group sizes 
could be presented as well as information for approxi
mating the above factors. 

Curves showing the variation with group size of the 
average coincident maximum demand per farm were 
prepared by two methods. The small circles plotted on 
the curve for May 1952 shown in fig. 7 were obtained 
by randomly selecting 15 groups of each size for 
which there is a circle shown, totaling the demands 
for each group by 15-minute pe1iods of the week, find
ing the maximum coincident demand for each group 
and averaging these values (7). A smooth curve could 
then be drawn through these eight points shown in 
the figure for May 1952. This method of handling data 
is very laborious. 
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A short-cut was devised which gives values that 
approximate those prepared by the above method. 
Values for average maximum coincident demand 
curves were obtained as follows: The farms were ar
rayed by the size of their maximum demand. The flr~t 
point (for number of farms = 1) is the maximum de
mand of the median fa rm . The second point is the 
average maximum coincident demand of the median 
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farm in the array and the farm above it. This value 
was obtained by adding the individual demands of 
the two farms by periods of the week, selecting the 
highest total and dividing by two. Note that this value 
was found by returning to the data. The third point 
is the average maximum coincident demand of the 
median and adjacent farms . Again this value was 
found by returning to the data. This process was con-



tinued. Farms above and below the median farm in 
the array were added alternately until all farms were 
included . A sinooth curve was then drawn through 
the points . The curves shown in fig. 7 were drawn by 
this method . They do not include data from all the 
farms in each point; however, it may be noted that 
most points lie close to the line and that the end point 
(number of farms = 37) is the same regardless of 
method of plotting.~ 

As an approximate check on increased diversity in
troduced by considering the weeks of the month alike, 
values read from the curves in fi g. 7 were tabulated 
along with the average maximum coincident demand 
per farm when 13 farms were actually metered the 
same week. A group size of 13 was selected because 
illegible records often reduced the maximum number 
which could appear at one time, 14, to a smaller num
ber. These values are shown in table 8. It may be 
noted that the average maximum coincident demand 
per farm is always slightly higher when the farms 
were actually metered at the same time. It appears 
that there may be a decrease of about 10 percent in 
maximum coincident demand when weeks of the 
month are considered alike. From this point of view, 
curves in fig . 7 should have dropped off less rapidly 
and leveled out at slightly higher values. 

THEORETICAL APPHOACH TO MAXIMUM 
COINCIDENT DEMAND 

The empirical methods of obtaining information on 
diversity in the use of electricity between farms have 
several weaknesses. It is usually possible to collec t 
data from only a relatively small sample of the total 
population, and the error in sampling may be quite 
large. The empirical methods do not allow the calcu
lation of confidence limits. Further, the methods that 
have been described in the literature have not taken 
account of this sampling variation; hence, only esti
mates of the expected average coincident demand 
have been secured. It would be desirable to obtain 
some measure of dispersion to associate with this 
average curve for varying numbers of consumers. 
Some investigations have been considered that are 
aimed at obtaining a fundamental understanding of 

6 Further comparisons of the two me th ods of maximum coinc ident de
mand cuive preparation have not been made up until now because of 
the labor in volved and because it is hoped th at better methods may Ue 
developed. 

TABLE 8. AVERAGE MAXIMUM COINCIDENT DEMAND PER 
FARM FOR GROUP SIZE 13: ( 1 ) WITH VALUES OBTAINED BY 
CONSIDERING THE WEEKS OF A MONTH ALIKE IN RESPECT 
TO COINCIDENT DEMAND, HEAD FROM FIG. 7; (2) VALUES 
OBTAINED BY AVERAG ING THE MAXIMUM COINCIDENT D E
MAND OF THREE GROUPS OF 13 FARMS ACTUALLY METERED 
THE SAME WEEK, SOUTHEASTERN IOWA, 1952-53. 

Month 

Average maximum co incident demand p er fan11 for 
group size 13 in kw w hen 

3 weeks cons ide red Farms metered at 
~M~a_y ______ a_lik_·el.~ig-•._ 7_) ______ sa_m ~:-9t~_n _e ----

Jul y 1.92 2.17 

Sept. 1. 70 1.86 

Nov. 2 .05 2.17 

Jan. 2.35 2.41 

M = h 2fil 2M 

the phenomena under observation.6 It is the hope that 
such studies will lead to a better understanding of 
the problem of coincident loads and, ultimately, lead 
to improved predjctions of maximum demands for 
larger numbers of consumers . The ideas embodied in 
these new i1westigations are based on the statistical 
theory of extreme values. This theory has been finding 
increasing application in many areas. As a beginning 
approach some of the techniques described by Gum
bel (9) were employed. 

Part of the data were grouped so that 57 (n) maxi-
mum coincident values for the 13 (k) farms being 
summed in each such value were obtained. Figure 8 
shows the sample cumulative step fun ction for these 
57 observations. The solid line which follows the 
sample step function closely is based upon asymptotic 
theory (m large which may be reasonable since 672 
observations per week are recorded although they are 
not independent) and the estimation of the relevant 
param~ters by the method of moments. The agree
ment between the sample and theory shown in fig. 8 
is rather remarkable. 7 Although these results are in
teresting they do not lead to the direct determination 
of the expected maximum coincident demand plotted 
against k, the number of consumers. The close agree
ment does suggest that procedures derived from ex
treme value theory may be useful. 

DEMAND AND DIVERSITY CHARACTEH.ISTICS 
OF APPLIANCES 

RANGES 

A subsample of 10 was selected from the 42 farms. 
The ranges on these farms were metered with record
ing ammeters for 3-week periods in May 1952 and 
January 1953. The average range use for each 15-
minute period from 5 a.m. to 8:30 p.m. was tabulated. 
All 21 days of the metered period were averaged by 
periods of the day . These data were converted into 
watts and are plotted in fig. 9 along with daily load 
curves of other appliances. The shift in peak range 
use from before noon in May, when field work is in 
progress, to late afternoon in January may be noted. 

WATER HEATERS 

Recording ammeters were used to obtain records 
of the current used by 10 of the water heaters in this 
study for a 3-week period in November 1952. Figure 
9 shows the average daily load curve for these water 
heaters. Average amperes were converted to watts by 
multiplying by 230 volts . 

None of the water heaters in this study was on an 
off-peak control. It may be seen that approximately 
400 watts per heater could have been removed from 
the system peak demand through the use of some type 
of off-peak control. 

The top elements on the water heaters were infre-
6 Un1n1blished research unde rtaken by the authors and Prof. J. Gtu·

land , Statistical Laboratory, Iowa Sta te College. The work of H. F . 
Hamilton in this area is also extreme ly in te resting, e.g . refer ( 8). 

7 Th e dotted lin es indicate tole rance limits for acceptance o f the th eo
re tical distribution fitted to the sampl e. Refer :Massey, F . J., Jour. Amer. 
Stat. Assn . 46:68. 1951. 
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quently in use except on a farm which used water 
from the household heater in the dairy enterprise. 

CLOTHES DRYERS 

In January 1952, before starting the regular meter
ing schedule of this study, tl1e clothes dryers on nine 
farms in southeastern Iowa were metered with record
ing ammeters for a period of 2 weeks. Table 9 shows 
the hours of use of the dryers by farms for the days 
of the week. It may be noted that 45 percent of the 
dryer use occurred on Mondays. The average daily 
load curve of the nine clothes dryers for two Mondays 
is shown in fig . 9. From 9 to 9: 15 a.m. the clothes 
dryers had a group demand factor of 0.41. 

TABLE 9. CLOTHES-DRYER USE BY DAYS OF THE WEEK FOR A 
2-WEEK PERIOD IN JANUARY 1952 . 

Use per day ( hours) Use p e r 
w eek 

Mon. Tues. Wed. T hu rs . Fri. Sat. Sun. ( hours) 
11ean 2.1 0.2 1.1 0 .6 0.3 0.4 0.1 4.8 
High 5 .8 1.7 3.1 2.2 1.0 1.2 0.3 9.3 
Low 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 1.1 

SUMMARY 

Forty-two farms in southeastern Iowa on which 
electric ranges were used were included in this study. 
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E lech·ic services on these farms were metered with re
cording demand meters for 1-week periods during al
ternate months for 1 year beginning in May 1952. 
Other metering of ranges, water heaters and clothes 
dryers was done with recording ammeters. Data were 
tabulated by 15-minute periods of the day by weeks. 

Equipment availability limited the size of the 
sample. Therefore, the data presented have limited 
applicability. Results might be quite different for othe · 
geographical areas, and possibly for the same general 
area, if a larger and better-distributed sample could 
be taken. The results of this limited study, however, 
may be useful to those concerned witl1 supplying elec
trical energy to farms since little information on the 
load characteristics of farms is available. 

The electric load characteristics of the individual 
farms varied widely even though all had ranges. Con
nected loads averaged 27.8 kilowatts and ranged from 
17.9 to 51.4 kilowatts. Loads for the metered periods 
averaged 913 watts and ranged from llO to 3,280 
watts. Individual farm load factors averaged 0.19. 
When the 42 farms were considered as a group, the 
average of the six monthly load factors was 0.50. Aver
age demand factors were relatively stable from month 
to month. The average demand factor at the time of 
the observed individual farm peak demand was 0.220. 

The transformers which served three of the farms 
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were sometimes overloaded. Five of the 10 h·ansform 
ers larger than 3 kilovolt-amperes had loads which pos
sibly could have been served adequately by smaller 
transformers. 

The effect of the day of the week on the magnitude 
of the individual farm daily maximum demand was 
not significant; however, Monday had more individual 
farm demand peaks than any other day. 

The daily peak demand of an individual farm usual
ly occurred between 6 a.m. and 9:30 p .m. On Sundays 
it occurred more frequently before 10 a.m. than at 
other times. During winter months the individual farm 
weekday demand peaks occurred more often after 3 
p .m. than at other times. 

Increased connected load usually did not result in 
a proportionately higher maximum demand. Regres
sion lines of individual farm maximum 15-minute and 
2-hour demands on connected loads and maximum 
monthly energy consumptions are presented. Maxi
mum demands may be more closely predicted from 
monthly energy consumption than from connected 
loads. 

The maximum coincident demand was highest dur
ing winter months. In January 1953, each of the farms 
contributed an average of 2.1 kw to the system de
mand at the time of the maximum coincident demand. 
In July and September 1952, these amounts were 1.8 
and 1.6 kw respectively. 

Present methods for estimating expected maximum 
coincident demand for varying numbers of customers 
are based on empirical procedures. Further studies are 
being considered to examine the fundamental nature 
of this problem. 

Peak range use occurred just before noon in May 
and just before 6 p .m. in January. There was less di
versity in time of range use in May than in January, 
with each range conh·ibuting a maximum of approxi
mately 800 watts to the group coincident demand in 
May compared with 600 watts in Janua1y. 

Each of the 10 water heaters metered contributed 
approximately 400 watts .to the system demand peak 
in November 1952. Peak water heater use for this 
month occurred between 8 and 10 a.m. and averaged 
500 watts. On nine farms in January 1952, 45 percent 
of the clothes-d1yer operating time was on Mondays. 
From 9 to 9:15 a.m. on this day, an average of 41 per
cent of the clothes-dryer connected load was being 
used. 
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