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Abstract

As part of the "Florida Energy Forecast Model" proj ect for the
Governor's Energy office, we have utilized Florida household data to
obtain information on electricity consumption by appliance-type. Although
these results are not utilized in our time series analysis of residential
electricity consumption, the cross-section approach sheds light on the
determinants of electricity demand.

Some Florida utilities are already using the conditional demand
methodology utilized here. The primary purpose of this effort is to
demonstrate the usefulness of the basic approach for short-term
forecasting, since it shows how socioeconomic conditions, housing
characteristics, and seasonal weather patterns interact with appliance
ownership to determine monthly electricity consumption. As electric
utilities further refine the specification of the conditional demand
model, analysts will obtain additional insights into electricity
consumption patterns.
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Conditional Demand Models

for Electricity: Results

from Florida -- 1986

By Sanford V. Berg and Gi-Ryong Jung*

Recent research on household electricity consumption by end-use has shed

much light on monthly patterns and on key price and income elasticities. The

purpose of these research efforts has been to identify the energy consumption

of particular appliances -- with much effort devoted to understanding the roles

of appliance and housing characteristics, weather patterns, electricity prices

and household size and income. Such information, combined with proj ected

appliance penetration. data can help analysts determine future levels and patterns

of electricity consumption.

*Professor of Economics and Research Associate, Respectively. Jung is currently a Visting Assistant
Professor of Economics at Clemson University. He receives credit for much of the difficul t work associated with
large scale data base analysis. Both authors share the blame for l imitation in model specification and
interpretation. Marcie Guira and Ben Blair provided able research assistance.
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Past studies reveal that the estimation of unit energy consumption (UEC)

for specific appliances is not a simple process. The accompanying "Survey"

describes alternative model specifications and problems associated with

particular variables. The purpose of this particular report is to present

results using Florida data. As the survey indicates, FP&L and others are

devoting substantial resources to the UEC estimation process. Although our

results are not as detailed as those obtained elsewhere, we hope that they

provide a good foundation for future intra-state analyses.

Utility-specific data facilitate localized analyses. For this state-wide

analysis, we have sacrificed complex characterizations of particular appliance

usage patterns in favor of two broad cuts at the Florida data. The first

conditional demand model takes appliance ownership as a zero - one variable, and

models monthly KWH consumption as a linear function of ownership, weather

conditions, electricity price, and household socioeconomic variables. The second

conditional demand model allows utilization for each individual appliance to be

a function of the other variables. This specifications enables the estimation

of nonconstant UEC' s, with consumption dependent on the marginal of electaricity,

family income, education level, and hours of work (as a proxy for time not spent

in the home). Neither model presented here utilizes complex functional forms

which might better capture engineering and behavioral relationships. However,

they illustrate the efficacy of these approaches for modeling unit energy

consumption.
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Modell: A simple Conditional Demand Model

A simple Conditional Demand Model can be as follows:

1. KWH
3
~ b j Ej + c MP

i=1 j=1

where, Ai = Appliance i
E1 = socioeconomic status j
MP = marginal price

Note, this simplistic formulation assumes that ownership of an appliance,

say a refrigerator, is the sole determinant of electricity consumption by that

appliance. Thus, the rate of utilization is assumed to be independent of the

size of family and number of people who are regularly home. Although this model

is limit~d, the coefficient on this appliance (ai ) can provide a indication of

KWH consumption related to (specific) appliance ownership. Table 1 lists the

independent variables and Table 2 presents the coefficients estimated for these

variables by month.

The monthly data from March 1985 are from a survey conducted under the

auspices of the Florida Public Service Commission. Twelve of the largest Florida

electric utilities collected appliance and electricity usage data from a total

of nearly 7, 000 residences. So the data are from a random sample of a population

representing over 90 percent of Florida residential customers. In this study,

single family residences form the sample to reduce the influence of differential

residence size on electricity consumption. The monthly sample size varies from

1007 to 2339 because the different utilities collected data for different twelve

month periods.
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Past studies indicate that electricity consumption by heating and cooling

equipment is sensitive to external temperatures. Thus, besides ownership of,

say a heat pump, heating and cooling degree days are included as variables. One

cooling degree day (CDD) is accumulated for each day that the daily mean

tempature is above 65 degrees F. Thus, the greater this number, the higher an

average monthly temperature was indicating greater demand for cooling

activity. A similar calculation yields heating degree days (HDD). In our

sample, we have taken the average of the NOAA county weather station's CDD and

HDD per month. Note, some months have both CDD and HDD. A number of other

weather factors could be incorporated into the analysis, including precipitation,

wind, avearge monthly tempearature, and humidity.

For this initial analysis of the Florida data, we retained a relatively

simple specification, thus.
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Variable

BWTV
CRTV
DISH
WASH
DRY
ADFRZ
MDFRZ
MCRange
SCRange
ADRFRig
MDRFRig
MW
VCR
PC
WATER
POOL
WRBED
WRBEDi
WHEAT
WHEATi
HEAT
HEATi
HTPUMP
HTPUMPi
PRTHT
PRTHTi
CAC
CACi
CHPAC
CHPACi
WINDAC
WINDACi
FAM
ED
INC
MP

Table 1
Variables in the Analysis

Definition

Black and white television
Color television
Dishwasher
Washing machine
Dryer
Auto defrost freezer
Manual defrost freezer
Electric manual cleaning range
Electric self-clean range
Auto-defrost refrigerator
Manual defrost refrigerator
Microwave
Video cassette recorder
Personal computer
Water pump
Pool
Waterbed
Waterbed x HDD
Water heater
Water heater x HDD
Heat furnace
Heat furnace x HDD
Heat pump
Heat pump x HDD
Portable heater
Portable heater x HDD
Central air conditioning
Central air conditioning x CDD
Central heat pump AC
Central heat pump AC x CDD
Number of window AC's
Number of window AC's x CDD
Family Size
Education level of "family head"
Family income ($1,000)
Marginal Electricity price (¢)

Where, HDD = heating degree days
CDD = cooling degree days

and HTPUMP, CAC, and WINDAC, use the actual number of appliances.
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Table 2: Conditional Electricity: Estimated Parameters From Simple Model
(Monthly observations -- Single Family Residences 200 <KWH <6000)

MARCH' 85 APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY' 86

Intercept -360b -152 -158 - 15 105 158 -198' -6448 -3998 -270c 73 -114
BWTV 14 24 - 35 - 11 - 15 - 29 - 15 - 25 9 - 21 21 26
CRTV 50 57 26 43 58 64 24 7 - 51 - 65 78 - 55
DISH 708 678 1168 1278 1068 1428 1118 908 888 1168 71b SIb

WASH 39 87b - 64 - 27 - 34 - 46 - 45 - 53 - 26 -lllb 48 - 50
DRY 61b 848 918 1058 85b 1068 908 818 828 1138 1498 1068
ADFRZ 1518 2008 2618 2938 2878 3138 2588 2328 2158 2518 2528 2048
MDFRZ 1368 1458 1788 1998 2218 2218 1958 1448 1298 1518 1518 1468
MCRange 34 1218 1088 1268 1548 1338 1508 1478 69b 998 1128 1188

SCRange 91b 1628 1788 1998 2248 1908 2188 1928 1128 1768 1768 1578

ADRFRig 123c 76 57 111 129 100 92 23 51 - 45 17 10
MDRFRig 110b 33 42 77 61 72 7 -17 13 8 42 15
MW 11 19 38 61c 1048 64b 50 33 26 23 9 3
VCR 22 47b 54b SIC 49 43 48c 49b 44b 788 25 29
PC 8 26 17 .24 - 20 4 55 15 15 - 53 - 25 7
WATER - 10 21 36 38 37 31 23 28 29 20 26 25
POOL 2418 2218 2838 3548 3558 3598 3328 3278 2668 2908 2908 257 8

WRBED 122 178 105 102 81
WRBEDi 2b .1 1 .2 .4
WHEAT 80b 57c 1598 1268 1578

WHEATi 38 .98 28 18 18

HEAT -101b -102b 5 153b - 34
HEATi .02 .6b .5 .4c .3
HTPMP - 15 25 41 - 84 49
HTPMPi 8 2c 1 38 58
PRTHT - 22 10 170b 70 47
PRTHTi 1 .3 2b .3 .6
CAC 1728 127 142 7298 310 622C 5448 3338 27 2668 2528 1958
CACi .01 .13 .4 .6 .3 .3 .4 .01 18 .3 28 .3
CHPAC 2028 153b - 53 457 768 1084b 7388 3838 114C 3258 4278 3948
CHPACi 1 .33 18 .04 .6 1 .8 .02 .6b .2 28 18

WINDAC 20 40 6 51 311 233 277b 125c 23 27 2 15
WINDACi .12 .01 .13 .1 .4 .2 .4 .11 .1 .1 .1 .04
FAM 788 798 898 908 948 1018 1048 998 1048 1138 1018 998
ED 9 - 12 .5 - 11 1 8 .4 .08 10 .4 .2 .9
INC 178 128 178 338 348 348 318 248 178 168 228 158

MP 578 418 27C 2 - 24 - 19 28 1018 578 29 11 15

Sample 1007 1946 2284 2323 2317 2296 2317 2321 2321 2339 2330 2315

adjR2 .4142 .3457 .3345 .3650 .3872 .3870 .3641 .3947 .4156 .3726 .3964 .4523

Probability the coefficient is not different from zero

a 0 .01

b .011 .05

c .051 .10



Many of the results are consistant with previous studies. The coefficient

for dishwasher goes from 70 in March to 142 in August, down to 88 in November,

and up to 116 in December. The pattern reflects the numbers of people likely

to be home during the day and holiday activities (December). These results are

in line with those obtained by FP&L, which reported 80 KWH as the average DEC

for dishwashers in its service territory. The coefficients on the self-cleaning

and manual cleaning electric ranges are twice those obtained by FP&L, but only

about fifty percent more than calculated by FPC. Size of appliances and

demographic differences across service territories could account for these

different estimates. In addition, model misspecification can result in over

estimates of DEC's in the simplistic model. Interpretation of these coefficients

is problematic. Basing the analysis on monthly KWH consumption by single family

residences allows for some homogeneity among observations (omitting manufactured

homes and multi-family dwellings). However, the omission of a housing size

variable (and associated construction type and insulation information) greatly

limits the usefulness of the estimates for space heating and cooling. Comfort

conditioning can account for more than half a residence's KWH demand, so future

specifications need to address this issue. In addition, problems noted in the

"Survey" apply here, as the coefficients for several appliances capture effects

of omitted variables.

Despite these limitations, the monthly patterns for significant

coefficients are reasonable: the implied consumption by auto-defrost freezers

rises from 151 KWH in March to 313 KWH in August. While the coefficient is the

high for summer, the pattern is reasonable. Furthermore, pool usage is in line

with previous estimates by FP&L -- although again on the high side for summer.
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As was noted eariler, the specification for area heating and cooling

included the appliance (such as a heat pump) and the zero-one condition times

heating (or cooling) degree days. Relatively unsatisfactory results are

obtained, suggesting that the residence size variable is essential to obtain an

adequate indication of the impact of such equipment ownership. Size of family

and income are likely to be further influences on electricity consumption, so

more complicated specifications are equired.

When introduced in an additive fashion, the family size coefficient

indicates that there is an additional 100 KWH per person impact. This impact

ought to be captured via interaction terms with the specific appliances

(dishwashers, refrigerators, etc.). Similarly income needs to be introduced

interactively. The monthly (significant) coefficient ranges from 12 to 34. A

coefficient of 20 indicates that a $lS,OOO/year family consumes another 300 KWH,

while a doubling of income induces another 300 KWH of the income-driven

consumption. Again, this variable needs to be interacted with ownership to

obtain a measure of appliance ownership impacts.

Finally, we expected a negative coefficient on the marginal price.

However, this model assumes no interaction with appliance usage, so this

additive specification is inappropriate. Rather than go into a detailed

discussion of estimates from the simplistic model, we turn to another approach

to estimate DEC's.
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Model 2: A Nonconstant Utilization Model

The previous specification is based on the assumption of constant

utilization of the appliance Ai regardless of price of electricity, weather

conditions, and characteristics of consumers. If we allow different appliance

utilization to generate the various electricity consumption patterns, then the

UEC can be expressed as the function of consumer's socioeconomic characteristics,

dwelling characteristics, price of electricity, and the weather conditions.

That is,

(1) UEC i a i = f( INC, FAM, ED, MP, TEMP, SIZE, .. ),

where INC is household income, FAM is the number of individuals in the household,

ED is the education level of the household head, MP is the marginal price of

electricity, TEMP is the temperature (measured here by cooling degree days and

heating degree days), SIZE is the size of the residence, and so on.

Parameterizing equation (1), we can rewrite the UEC as:

(2) ai=bfO + b i1 INC + b i2 FAM + b i3 ED + b i4 MP + b iS TEMP + b i6 SIZE + u i

Substituting equation (3) into (1), we get:

(3) KWH = ao + (b10 + b 11 INC + b12 FAM + b 13 ED + b 14 MP + b 1S TEMP

+ b16 SIZE + u1) A1 + (b20 + b21 INC + b 22 F¥ + b23 ED + b24 MP

+ b2S TEMP + b26 SIZE + u2) A2 + + (bkO + b k1 INC

+ b k2 FAM + b k3 ED + b k4 MP + b kS TEMP + b k6 SIZE + uk) Ak
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Equation (4) below contains the final specification for our conditional

demand analysis. Generally, the UECs for heating and cooling equipments are

considered as a function of weather conditions along with other socioeconomic

characteristics. However, the degree of interaction between the appliance

ownership and the socioeconomic characteristics varies in other studies,

depending on the complexity of the model posited by the researchers.

Data and Estimation

As before, the data are from the 1986 Customer Survey Questionnaire. The

sample is very detailed, and contains monthly consumption observations on

households in single-family, multi-family and manufactured (mobile) homes. We

restricted the sample to single family with consuming more than 200 KWH but less

than 6000 KWH per month. Table (3) shows the summary statistics. In our

model, the UEC is considered as the function of the variables noted above:

marginal price of electricity, household income, the education level, the number

of a family, the number of workers in the household, cooling degree days, and

heating degree days.

All appliances and heating and cooling systems are interacted by marginal

price, income, education, the number of a family, and working hours per week.

In addition to that, waterbed, water heater, heat furnace, heat pump, and

portable heater are interacted by heating degree days for winter (November

through March), and dryer, freezers, refrigerators, electric ranges, microwave,

pool, central AIC, heatpump, and window AIC are interacted by cooling degree days

for summer (March through November).
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The empirical model excludes size, since it was thought that income would

capture this effect.

+ 11 MP + 12 INC + 13 ED + 14 FAM + 15 WORK + u,

i=l, ... , 23,

j=l, ... , 12,

k=l, ... , 5,

CAj € Ai' and HAk € Ai'

be estimated, the index i is attached for all 23 appliances, the index j is

attached for dryer, freezers, refrigerators, electric ranges, microwave, pool,

central AIC, heat pump, and window AIC, the index k is for waterbed, water

heater, heat furnace, heat pump, and portable heater, and u is the error term.

After estimating parameters by applying OLS to equation (5), we obtain the

DEC of an appliance by the following method.

(5)
A A A A

( a i + b i MP + c i INC + d

10

A A

ED + e i FAM + f i WORK),



Where SKWH/SA i is the DEC of A 1\

... ,fi are the estimated

parameters from (5), and MP, INC, ED, FAM, and WORK are the sample

means of the corresponding variables.

To test the significance of a DEC, the variance is obtained as follows.

(7) Var( ED +

+ (WORK) +

+ 2 ED FAM u + 2 ED WORK u

+ 2 FAM WORK u 1\ 1\ )

eifi
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Table 4 shows the UEC estimates and their significance levels for March

1985. In general, the approach shows promise for particular appliances. Note

that the coefficients in Table 4 have the following derivation:

6KWH = a + a. MP = ... = as WORK
6DISH 0 1

where the state-wide averages are applied to the dependent variables. Here

6KWH = 78.62, significant at 5% level
6DISH

The study obtained 80 for the UEC for dishwashers.

comparisons of our results with those obtained by FP &L.

Table 5 shows other

One limitation of the study should be noted,€y using the mean value of the

independent variables, the calculated UEC' s will differ from those actually

observed. For example, individuals with higher incomes tend to own pools, but

average income is used in the calculation. Thus, there is room for improvements

in both model specification and analysis. For now, we conclude that the approach

shows promise.
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Table 2: Conditional Electricity: Estimated Parameters From Simple Model
(Monthly observations -- Single Family Residenc.es 200 <KWH <6000)

MARCH' 85 APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY' 86

Intercept -360b -152 -158 - 15 105 158 -198 -6448 -3998 -270c 73 -114
BWTV 14 24 - 35 -11 - 15 - 29 - 15 - 25 9 - 21 21 26
CRTV 50 57 26 43 58 64 24 7 - 51 - 65 78 - 55
DISH 708 678 1168 1278 1068 1428 1118 908 888 1168 71b 51b

WASH 39 87b - 64 - 27 - 34 - 46 - 45 - 53 - 26 -lllb 48 - 50
DRY 61b 848 918 1058 85b 1068 908 818 828 1138 1498 1068
ADFRZ 1518 2008 2618 2938 2878 3138 2588 2328 2158 2518 2528 2048
MDFRZ 1368 1458 1788 1998 2218 2218 1958 1448 1298 1518 1518 1468
MCRange 34 1218 1088 1268 1548 1338 1508 1478 69b 998 1128 1188
SCRange 91b 1628 1788 1998 2248 1908 2188 1928 1128 1768 1768 1578
ADRFRig 123c 76 57 111 129 100 92 23 51 - 45 17 10
MDRFRig 110b 33 42 77 61 72 7 - 17 13 8 42 15
MW 11 19 38 61c 1048 64b 50 33 26 23 9 3
VCR 22 47b 54b 51c 49 43 48c 49b 44b 788 25 29
PC 8 26 17 .24 - 20 4 55 15 15 - 53 - 25 7
WATER - 10 21 36 38 37 31 23 28 29 20 26 25
POOL 2418 2218 2838 3548 3558 3598 3328 3278 2668 2908 2908 2578
WRBED 122 178 105 102 81
WRBEDi 2b .1 1 .2 .4
WHEAT 80b 57c 1598 1268 1578
WHEATi 38 .98 28 18 18
HEAT -101b -102b 5 153b - 34
HEATi .02 .6b .5 .4c .3
HTPMP - 15 25 41 - 84 49
HTPMPi 8 2c 1 38 58
PRTHT - 22 10 170b 70 47
PRTHTi 1

- 27·r
2b .3 .6

CAC 1728 127 142 7298 310 622C 5448 3338 2668 2528 1958
CACi .01 .13 .4 .6 .3 .3 .4 .01 18 .3 28 .3
CHPAC 2028 153b - 53 457 768 1084b 7388 3838 114C 3258 4278 3948
CHPACi 1 .33 18 .04 .6 1 .8 .02 .6b .2 28 18
WINDAC 20 40 6 51 311 233 277b 125c 23 27 2 15
WINDACi .12 .01 .13 .1 .4 .2 .4 .11 .1 .1 .1 .04
FAM 788 798 898 908 948 1018 1048 998 1048 1138 1018 99 8

ED 9 - 12 .5 - 11 1 8 .4 .08 10 .4 .2 .9
INC 178 128 178 338 348 348 318 248 178 168 22 8 158
MP 578 418 27C 2 - 24 - 19 28 1018 578 29 11 15

Sample 1007 1946 2284 2323 2317 2296 2317 2321 2321 2339 2330 2315

adjR2 .4142 .3457 .3345 .3650 .3872 .3870 .3641 .3947 .4156 .3726 .3964 .4523

Probabili ty the coefficient is not different from zero

a 0 .01

b .011 .05

c .051 .10



Table (3) Summary Statistics for Conditional Demand Estimates

BWTV

CRTV

DISH

WASH

DRY

ADFRZ

MDFRZ

MCR

SCR

ADRFR

MDRFR

MW

VCR

PC

WATER

POOL

WRBED

WHEAT

HEAT

PRTHT

HTPMP

CAC

WINDAC

Definition

B/W TV

Color TV

Dish Washer

Washer

Dryer

Freezer (auto defrost)

Freezer (manually defrost)

Range (manually cleaned)

Range (self cleaned)

Refrigerator (auto)

Refrigerator (manual)

Microwave oven

VCR

Home Computer

Water Pump

Pool

Waterbed

Waterheater

Heat Furnace

Portable Heater

Heat Pump

Central AIC

Window AIC

Mean

.4473

.9688

.5733

.9447

.7461

.1476

.2345

.4547

.4390

.9434

.1045

.6445

.4301

.1494

.3326

.1832

.1293

.7646

.5182

.1181

.2154

.5317

.4631

Std. Dev.

.4972

.1738

.4946

.2285

.4352

.3547

.4237

.4979

.4963

.2310

.3059

.4787

.4951

.3565

.4711

.3868

.3355

.4242

.4996

.3227

.4442

.5537

.9169

(Note) 1. A; = 1 when a household has the appliance

= 0 otherwise

2. For HTPMP, CAC, and WINDAC, A; takes the actual number.
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Table (4) DEC Estimates for Mean Values of Variables.

Ai Estimate Std. Err

BWTV 13.3874 33.2218

CRTV 72.7526 176.2503

DISH 78.6205 15.37808

WASH 1.7248 53.6036

DRY 67.8404 24.13878

ADFRZ 133.2882 66.42188

MDFRZ 124.5230 76.4406b

MCR 236.7297 77.39908

SCR 106.8253 76.2763b

ADRFR 149.8597 92.8761b

MDRFR 77.5227 110.3387

MW 19.2067 52.2144

VCR 0.5257 40.5544

PC 14.2157 78.5938

WATER 17.4625 42.3393

POOL I 219.0313 76.19998

WRBED I 24.4337 39.0034

WHEAT I 166.4747 68.08038

HEAT I -106.3254 110.7977

HTPMP I 638.7812 141.66848

PRTHT I -71.2093 97.6616

CAC I 138.7198 125.4426

WINDACI 14.2051 39.3053

Note) a: significant at 5% level

b: significant at 10% level
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Table (5) Comparisons of Significant UEC's

(Single Family Dwelling)

FPL This Study
(Annual) (March)

DISH 80 78

DRY 65 67

ADFRZ 133

MDFRZ 108 124

MCR 47 236

SCR 106

ADRFR 127 149

POOL 287 219

WATERHEAT 166

HEATPUMP 67 638
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