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What steps do you take to keep up with changes in forecasting
technigues?

Meetings with other forecasters from PJM ufilities-are held
several times per year and forecast data and techniques are
interchanged. Members of the group also participate in- the
Electric Utility Market Research Council, Wharton Regional

Model meetings, and special conferences, meetings and seminars

on energy forecasting as available.

Is PE Company's forecast of electric sales for the 1978/88 period
compared with forecasts made by other electric utilities and
industry forecasts?

A file is maintained on forecasts of national forecasters (such
as McGraw-Hill, EPRI, FEaA, FPC, A. D. Little) and of utilities
all over the country as a check on the positioning of our fore-
cast, though these are not a direct input in making projections.’
With the ten PJM companies, the individual forecasts range from
2.5% to 5.4%, with PE Company's forecast beihg 2.9%. The average
for the ten companies is 3.7% and the median is 3.4%. At the
time the Budget Forecast was prepared, the national forecaéts of
electric consumption growth were in the 8¢% - 5% range {(e.g.,

McGraw-Hill 4.1%, NERC 5.2%, General Llectric 5%, DOQE 4.8%).
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PHILADELPHIA ELECTRIC COMPANY
Energy Sales Forecast Assumptions For 1978 Forecast

The following assumptions apply to all classes of service in the ten year
forecast and cover the base, high, and low cases.

1. GROSS NATIONAL PRODUCT - Real GNP and rea! Gress Regionza! Product
{GRP) for the Philadelphia SMSA (Pennsylvaniz poriion) are projected to
grow at the following indicated average annueal rates

18978-79 1877-82 1582-87 1577-87

GNP - Base 2.0% 3.7% 3.2% 3.4%
GRP - Base 1.5% 2,35 1,83 2.1%
GNP - Low 1.5% 3.,4% 3.0% 3.2%
GRP -~ Low 1.0% 2.2% 1.3% 1.8%
GNP - Hign 4,1% 4,2% 3.2% 3.7%
GRP - Hich 4,7% 2.5% 2.2% 2.3%
2. POPULATION -~ Service area pepulation, derivec frem the 1370 Census,

weas the base upon which the computerized populaticn model, using the .
cohort-component method, constructed estimates and projecticns
through the year 2000. Calculations were based on the Census Burezu's
Series I fertility rates and current survival rate tables. cCstimates frcm
1970~76 include the 156,000 net cut-migration estimate made by the
Bureau ci Census for the Pennsylvania portion of the Pniladelphia
Standard Metropolitan Statistical Area, All estimetes and projecticns
for the Conowingo Power Company's service area assume & neutral nat
migration over the entire pericd from 1870-2000.

Base case projections for the Philadelphia Electric Company
service arez decrease net out-migration, over a ten vear pericd,
from the G,7% annual rate seen in the 1970-76 period, to the 0.1%
experienced from 1965-~70. This rate is continued through the yvear
2000. The low forecast's projections maintain a constant net migreation
rate at the 1970-76 level for the entire period. The high forecast
assumes neutral net-migration after the initial 13970-76 period.

3. FERTILITY RATES - The Census Bureau's Series II fertility rates were
used for all forecast scenarios. This schedule ultimately leads to
replacement level fertility, which is egquivalent to 2.1 births per femele.



COSTS OF ENERGY - The following annual average rates of ¢crowth
were assumed for fuel costs for the ten-year forecast period. The
percentage figures apply to constant 1972 dollars. so that the changes
indicate a relationship to the Consumer Price Index (CPI) which is
expected to increase at an inflation rate of about 5.5% per year
during the period. i

Real Annual lncrease 198871978 Costs — 1%72 3

Eiectricitv 0 l.
©il - No. 2 1.5% 1.15
Gas - Rate CGR 2.7% 1.3C

Blectricity prejections are taken from the corperate financizl
model based cn the current outiook for generation costs and mix. Cozl
and oil prices are based on data provided to Purchasing by their fuel
supp.iers and two studies prepared for EPRI. (1) (2)

The gas price projection is deveioped bv Gas QOperations and
agrees generally with the AGA forecast for Mid-Atiantic recion dated
July 3, 1978 and conforms with an EPRI staff study (3) which also
reinforces the electric assumptions,

The many unresolved policy decisions and the instazility of the
Midcdle-East situation make forecasts of energy prices an inexaci
process at best.

The fuel price projections in PECQ's corporate assumptions are
based on the best available studies, but in licht of the great uncer-
tainties should only be considered as relative indicators of competitivs
relationships.

For the low case, it was assumed the cost of oil will maintain
its present relationship to electric costs and that oil will be in
adequate supply. :

For the high case, it was assumed oil and gas will be in tight
supply, contributing to increased penetration of electric space heat,
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5. CONSERVATION - In all three scenarios, government agencies and
private organizations including PECO will continue to encourage energy
conservation through the use of high efficiency appliances and applica-
tions and energy-efficient construction. Govemment regulations will
play a growing role. Assumed efficiency improvements, which are
attributed to both the high cost of energy and the desire to conserve, are
covered in later sections.

6.  PRICE ELASTICITY will continue to lead to the purchase of high efficiency
appliances and energy-efficient buildings and systems as menticned in
§. above and in the later discussion on Price Elasticitv. Eificiencies
are based on technolegy and expected government policy rather than an
egtimated coefficient of elasticity because of inexactness to be expacted
in projecting relative energy prices and elasticity coefiicient values
for each class.

7. OFT-PEARK APPLICATIONS - PECO will continue to promote off-peakx
applications -- electric space heating {particularly heat pumps) and
night lighting for safety -~ which improve load facteor, for the base
and hicgh forecasts, A neutral stance is implied in the low forecast.

B. GE£S - For the base and Jow cases, the improved gas supply cutloek is
expected to enable gas sales to resume in 1979, As 2 resul:, the
penetration of electric space heating for new construction might be
restricted, :

For the high rance, additional gas supplies would be limited to
additional residential customers only to match cas service removals.

9, BUSINESS CYCLES - The three forecasts assume the currently expectec
economy in 1979 and are based on a normal peacetime economy through
1988,

Based on an analysis of sales for the 20 years from 1952 to 1972,
whether the economy is in a recession or at the peak of & boom can
cause a +5% to ~7% deviation from the base trend which is based on
a smooth growth rate.

In addition, recognized economists offer different projections of
national econeomic growth, some of which are given in Table
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If the high and low projections shown are imposed on the business-cycle
eiffect described in the above paragraph, deviations from these tvo
causes could cause an increase in sales of 8% or a decrease of 13%
from trend in the later years of this forecast while most of the listed
assumptions would still be applicable. Projections by class hased on
these high and low factors are given in Table II. -

10. Average weather conditions are projected, affecting heating znd
cooling loads.

Normal weather for each calendar day of the year is determined by
averaging actual weather data over a historic pericd. For the heating
se&son, this average is computed over & 45 year period-from 1930 to
1974, For the summer cooling season, the historic data covers a 20
yvear period from 1946 to 1975. Monthly and seasonal normal weather
are the sum of normal weather for individual days. A new normal is
calculated every five vears.

To correct actual sales for normal weather conditions in any
given year, the difference between actual weather and normal weather
for the heating and cooling season is computed., These differences are
then multiplied by either a summer or winter weather electric usace
factor. Tnese factors were ceveloped using linear and muliiple
regression technigues and are a measure of the relationship between the
chances in electrical usage and changes in weather. The resultinc
procuct, when subtracted or added {rom actual saleg, cives KWh uszce
on & normal weather basis.

Other assumptions, the impact of which is concentrated on specific
classes of customers or uses, appear later in the appropriate sections,
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PREFACE -

This forecast in three levels -- high, base and low -- comprises
_the standard forecast for'the Philadelphia Electric Company System, It
is mainly an end-use or engineering based forecast and thus provides
many details on appliances and applications particularly for the residential
class.

In addition, the Company separately obtained a forecast from its
econometric model developed for it by Wharton Econometric Forecasting
Associates (WEFA) which provides a second independent method of
analysis. The base econometric forecast prepared by WEFA in September
1978 projects an average annual growth rate of 3.9 percent from 1378 to
1988, compared to our base forecast growth of 2.9 percent.

Some of the WETA projections by class are given in the sections of
this report. This book contains more details on the forecasting methodology
and more historical datz than recent forecast bocks -- except for the long-
range forecasts which were prepared in 1974 and 1975. This greater exposi-
tion is given because the forecast is now receiving expanded use and
interest cutside the company and ls no longer only an internal tool. As an
example of expanded data, the industrial forecast is shown in 2-digit SIC
classes which had not been provided since the 1974-75 long-term
forecasts.

References used in the forecast preparation are also listed at the end,
again because of the expressed interest of reviewers outside the department

or company.

Finally, this forecast represents a reduced growth rate for the base
case from previous annual forecasts akin to the national trend. Quoting
Electrical World (forecast issue, September 15, 1978, the introductory
paragraph on Kilowatthour Sales): "Predicting energy growth during the past
five years has been a particularly tricky and difficult task. Each vear
appears to be worse than the year before and 1978 is no different, Each year
we believe some signs will appear to guide us in our deliberaticns so
.specific and clear-cut trends can be discemed. While there are trends,
they are also fllled with ambiguities and pitfalls, not unlike the Delphic
pronouncemerits, " X
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197§-88 BUDGET FORECAST

This forecast, which is updated annually, projects kilowatthour sales for
the system and companies. The front sections cover the ten vear period from
1978 to 1988. The forecast is developed from authoritative data covering
housing requirements, population, commercial and industrial construction plans,
appliance and application saturations and equipment characteristics, and the
economic growth expectation of varlous recognized authorities. '

The methods and data used in its preparation are covered in the subse-
quent sections in which the ten year forecast is segmented by major classes
of customers and uses,

In a following section, a projection is provided for the ensuing decade
from 1988 to 1998 as a gulde in long range planning. Details of the assump-
tlons applied to the preparation of this second-decade forecast are included in
the accompanying discussion.

Because of the growing uncertainties as the forecast time is extended,
greater reliance is made on time-series projection, adjusted by demographics.
Projection data is given by year and rate class to 1998, but the details shown
for the earlier ten years are not completely provided.

The final section prepared by System Planning provides peak demand
projections developed by them.

RANGES

Qutcomes will vary from forecasts for many reasons. It is most unlikely
that results in each year of the ten or twenty yvear forecasts will approximate the
projected values because the forecasts beyond two years do not attempt to
predict cyclical economic swings which are almost certain to occur,

The forecast in a glven vyear can vary around the normal trend based on
whether the economy at the time is in a recession or is growing at an above
average rate, These deviations will tend to counterbalance each other over
the long span.

The degree of probable deviations from the trend of normal economic
activity was determined by reviewing GNP figures for the period 1952 to 1972
inclusive. The analysis was not carried beyond 1972 because of the extremely
unusual effects of the oll crisis and ensuing recession starting in 1973.
Linear and polynomial regression and a constant growth percentage were
evaluated to see which most correctly described historic economic activity,
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Because all methods gave extremely good results, a constant growth percent-
age was chosen because of its added simplicity. The plus cor minus deviations of
actual GNP from normal GNP, as estimated by the trend line, were examined, and
high (1966) and low (1961) years were selected which occurred with approximately
1 in 10 probability. These selected years determined bands about the normal
economic trend line of -7.4% and +5.3%.

Beyond deviations based on the business cycle, broader ranges are estab-
lished when consideration is given to probable errors in judgment concerming the
‘probable growth of the economy. The base forecasts will vary among recognized
economists even though they are based on the same general outlook for the
national economy as a whole. Recasting the forecast to allow for the condition
that economists predicting growth over or below the central projections will turn
out to be correct provides a wider margin of deviation than consideration of business
cycles alone. The high and low values established by these combined conditions
are given in Table II. '

The above two conditions provide a range in which kilowatthour sales results
could swing and still be consistent with the assumed probable scenario assump-
tions. These two factors indicated a range in total sales of -13% and +8%
after the first few years,

It is also ail but inevitable that not only business«cycle swings and a differ-
ence from the mean economic forecast based on a band of economists' predictions
will occur, but that the economy will be influenced by factors not now considered
probable by most economists. Such could include the effects of government
policy changes; QPEC actions; unanticipated technological changes or lack of
improvements in appliances; and behavicral changes affecting consumer spending, -
migration, jobs or life style, which, taken together, could greatly influence the
growth of regional output and population away from the projected probabie trend.

While the discontinuities in growth caused by the events of the early
seventies--the oll embargo, the severe recession, the job and population outflow
from the Northeast--were extreme, seldom can the future be counted on to reflect
the past when a ten-year planning horizon is required. In this century World
War I; the boom of the roaring twenties; the crash and Great Depression; World
War II; the sustained postwar boom; the wide swings in birth rates; Koreg;
Viet-Nam; and the energy crisis were all major economic events not foreseen
even a few years prior to their occurrence, Political actions cannot be forecast
with any degree of confidence,

Thus the need for planning for altemative futures.
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The wider ranges forming the high and low forecasts are based on sets of
assumptions which are supported by local economic history but are considered
to have a probabllity of occurrence on the order of 10%. The assumptions for
these high and low scenarios are given following the normal forecast assump-
tions below, Table III shows the high and low ranges by year and class.of
service, and Table V shows growth rates for the pessimistic and optimistic

ranges.

These high and low ranges are for the assumptions as described and are not
further modified to show the effects of cycles on these smooth projections.

GROWTH

Kilowatthour sales dropped twa years in a row in 1974 and 1975, the only
such drop since the early Depression years of 1931-32, but in 1976 sales turned
up and were about four percent over 1975, Nationally, power sales were up
about six percent while Mid-Atlantic sales were up five percent, showing again
the economic lag endemic to Southeastern Pennsylvania.

In 1977, national electricity output rose 4.9 percent, Mid-Atlantic 1.5
percent, and PECO output 1.4 percent in spite of warmer than normal weather,
Without the unusual number of plant and store closings in 1977 including Alan
Wood Steel and Lit Brothers, output would have been up 2 percent.

In the first half of 1978, national output was only up 3.1 percent while
PECO output was up 4 percent.

Not only has the local economy experienced strong conservation efforts and
a slower than expected recovery from the recent deep recession but other factors
were obviously at work. These are identified as the interdependent forces of
the physical loss of manufacturing jobs and loads as many older plants closed:
high unemployment; and ceontinuous migration to the sun-belt. The U. §. Census
Bureau estimated our area lost 156,000 net emigrants from 1970 to 1976.

Having considered the negative factors and all the programs designed to
conserve energy -- the effects of which are treated in this forecast as well as
the previcus five ~- it still appears.that moderate growth in electric use will

occur.
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Our expectation of growth is supported in part by the need for housing and
jobs for the younger people growing up in this area who will enter the work force
during the ten-year forecast period and whose numbers greatly exceed those
leaving the work force. Families still lacking many work-saving and comfort
conditioning appliances are still adding such devices now commonly enjoyed by
the more affluent. It is also expected that the gradual shift from scarce fossil
fuels to electricity for space and process heating will continue,

The baseline forecast from 1978 to 1988 has a compound growth rate of
three percent which is half the six-percent rate of the Sixties despite the
favorable population changes, the recent rapid growth of electric space heat,
and the predicted increase in electricity's share of the energy market. The
lower rate is due to the effort to conserve all energy resources; the increased
cost of energy which further stimulates saving; and the adverse conditions in
the regional economy relative to the national economy which became manifest
earlier in the seventies. Most of the latest national forecasts project a four
to flve percent annual growth rate {(e.g. McGraw~Hil] - 4,1%; NERC - 5.2%:
GE - 5%; DOE ~ 4.8%).

This forecast contemplates a reasonably successful local and national
economy with adequate energy supplies. If the reglon and its people are to
prosper, increases in local productivity and the Gross Reglonal Product (GRP)
in line with the Gross National Product (GNP} must take place. Without
higher output of goods and services, a standard of living reasonably related
to people's expectations, including the increasing mass of jobholders, is
not possible.,

The forecast assumptions listed in each section show that a modest tum-
around in the local economy is anticipated so that it should not continue to lag
the national growth as severely as it did in the Seventies to date. This {s
supported by such expectations as new Federal aild formulas which would
recognize the problems of the Northeast; an ebbing of the relocation of
factories and people as relative costs, including energy and labor costs, rise
in the South; on a growing awareness by local govemments and workers of the
importance of holding down costs; on recognition of the basic attributes of
the area as a market center; a rail center; a cultural, educational, and medical
center; an important port; and on a satisfactory supply of skilled and unskilled
labor, land, energy and water.

If the factory and population outmigration continues unabated, growth
would approximate the low-growth scenaric rate of about two-percent.
However, every decade in this country (see RANGES) has brought considerable
change from the preceding decade so that none could be predicted well by
mirroring the past,
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This forecast in covering three growth conditions -~ high, base and low --
for twenty years, details in the following sections the power needed for jobs
and housing for the postwar-baby-boom offspring now establishing households;
for further saturation of appliances by present non-owners as city dwellers
tend to catch up with suburbanites in these comforts and convenlences; and
for industrial power to support the growth in GRP and GNP estimated by a
consensus of economists.
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ECONOMY

Beginning with 1972, changes made in the overall forecast were gradually
but consistently downward. This has been largely due to drastic changes in
the energy field, accentuated by the Arab oil embargo in late 1973, but really
traceable to a longer trend toward energy conservation with increasing scarcity
and rising prices of energy. The other major factor causing the projections to
be reduced is the lower economic growth now generally anticipated and the
extended lag in the Philadelphia economy compared with the national economy
experienced since the two recessions of the early seventies,

Early in 1973, based on the average forecasts of leading economists, the
real GNP for 1985 (in terms of 1972 dollars) was estimated to be $2,016
billion. The latest estimate included in this forecast is for a real GNP in
1985 of $1,761 billion, 12.6% less than predicted at the time of the 1873-83
forecast. This reduction is equivalent to three to four years normal growth in
the output of goods and services,

Much of this reduced expectaticn in the economic outlook is attributed to
the effects of energy and environmental problems on production costs, produc-
tivity and capital investment plans,

Sales for 1979, the company's budget year, are lower than the projected
trend due to the expectation ¢f a moderate recession during that vear.

Econcmic projections are listed in the assumption sections and the GNP/
GRP table,

CONSERVATION/CURTAILMENT/ELASTICITY

Qur forecast prepared prior to the 1973 oil embargo stated that it "allowed
for substantial estimated reductions in energy requirements due to conservation
efforts in this period . . . brought about in large measure by our own programs
to treat electricity as a valuable resource to be used wisely." The effects of
various conservation techniques, including in particular the expected results
of our ploneering high efficiency air conditioning programs (high EER's), were
detailed and included in reducing the forecast sales from prior expectations.
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At the time the 1874-84 forecast was prepared in the spring of 1974, the
oil embargo was in effect and early curtailment efforts (no Christmas lighting,
curtailed floodlighting, closed gas stations) were in evidence, but only
fragmentary data was available as a basis for estimating what the total
lasting effect might be, so a moderate reduction in the forecast was made.

It became evident since the embargo was lifted that with energy costs
predicted to remain relatively high customers can be expected to continue to
conserve energy at a high rate. This forecast reflects reductions made since
1972 attributable to such factors as the development of more efficient
appliances, curtailed use of some applications such as air conditioning and
the general adoption of rigid construction standards.

A discussion on elasticity is at the end of this section.
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ASSUMPTIONS

The following assumptions apply to all classes of service in the ten year
forecast and cover the base, high, and low cases.

1. GROSS NATIONAL PRODUCT - Real GNP and real Gross Regional Product
(GRP) for the Philadelphia SMSA (Pennsvlvania portion) are projected to
grow at the following indicated average annual rates :

1978-79 1977-82 1982-87 1977-87

GNP - Base 2.0% 3.7% 3.2% 3.4%
GRP - Base 1.5% 2.3% 1.8% 2.1%
GNP - Léw 1.5% 3.4% 3.0% 3.2%
GRP - Low 1.0% 2.2% 1.3% 1.8%
GNP - High 4,1% 4.2% 3.2% 3.7%
GRP - High 4.7% 2.5% 2.2% 2.3%

2, POPULATION - Service area population, derived from the 1970 Census,

. was the base upon which the computerized population model, using the
cohort-component method, constructed estimates and projections
through the year 2000, Calculations were based on the Census Bureau's
Series II fertility rates and current survival rate tables. Estimates from
1970-76 include the 156,000 net out-migration estimate made by the
Bureau of Census for the Pennsylvania portion of the Philadelphia
Standard Metropolitan Statistical Area. All estimates and projections
for the Conowingo Power Company's service area assume a neutral net
migration over the entire period from 1970-2000.

Base case projections for the Philadelphia Electric Company
service area decrease net out-migration, over a ten year period,
from the 0,7% annual rate seen Iin the 1870-76 period, to the 0.1%
experienced from 1965-70. This rate is continued through the year
2000. The low forecast's projections maintain a constant net migration
rate at the 1970-76 level for the entire period. The high forecast
assumes neutral net-migration after the initial 1970-76 period.

3. FERTILITY RATES - The Census Bureau's Series II fertility rates were
used for all forecast scenarios. This schedule ultimately leads to
replacement level fertility, which is equivalent to 2.1 births per female,



255a

COSTS OF ENERGY - The following annual average rates of growth
were assumed for fuel costs for the ten-year forecast period. The-
percentage figures apply to constant 1972 dollars so that the changes
indicate a relationship to the Consumer Price Index (CPI) which is
expected to increase at an inflation rate of about 5.5% per year
during the pericd.

Real Annual Increase 1988/1978 Costs - 1972 S
Electricity 0 1.
oil - No. 2 1.5% 1.15
Gas -~ Rate GR 2.7% 1.30

Electricity projections are taken from the corporate financial
model based on tha current outlook for generation costs and mix. Coal
and oil prices are based on data provided to Purchasing by their fuel
suppliers and two studies prepared for EPRI. (1} . (2)

The gas price projection is developed by Gas Operations and
agrees generally with the AGA forecast for Mid-Atlantic reglon dated
July 3, 1978 and conforms with an EPRI staff study (3) which also
reinforces the electric assumptions.

The many unresolved policy decisions and the instability of the
Middle-East situation make forecasts of energy prices an inexact
process at best,

The fuel price projections in PECQO's corporate assumptions are
based on the best available studies, but in light oi the great uncer-
taintles should only be consldered as relative indicators of competitive
relationships.

For the low case, it was assumed the cost of oil will maintain
its present relationship to electric costs and that oil will be in
adequate supply.

For the high case, it was assumed oil and gas will be in tight
supply, contributing to increased penetration of electric space heat.
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CONSERVATION - In all three scenarios, government agencies and
private organizations including PECQO will continue to encourage energy
conservation through the use of high efficiency appliances and applica-
tions and energy-efficient construction. Government regulations wijl
play a growing role. Assumed efficlency improvements, which are
attributed to both the high cost of energy and the desire to conserve, are
covered in later sections.

PRICE EIASTICITY will continue to lead to the purchase of high efficiency
appliances and energy-efficient buildings and systems as mentioned in
5. above and in the later discussion on Price Elasticity. Efficiencies
are based con technology and expected government policy rather than an
estimated coefficient of elasticity because of inexactness to be expected
In projecting relative energy prices and elasticity coefficient values

for each class.

OFF=-PEAK APPLICATIONS - PECO will continue to promote off-peak

applications -- electric space heating (particularly heat pumps) and
night lighting for safety -- which improve load factor, for the base
and high forecasts. A neutral stance {s implied in the low forecast.

GAS - For the base and low cases, the improved gas supply outicok is

expected to enable gas sales to resume in 1979, As a result, the
penetration of electric space heating for new construction might be
restricted.

For the high range, additional gas supplies would be limited to
additional residential customers only to match gas service removals,

BUSINESS CYCLES - The three forecasts assume the currently expected

economy in 1979 and are based on a normal peacetime economy through
1988.

Based on"an analysis of sales for the 20 years from 1952 fo 1972,
whether the economy is in a recession or at the peak of a boom can
cause a +5% to -7% deviation from the base trend which is based on

a smooth growth rate.

In addition, recognized economists offer different projections of
national economic growth, some of which are given in Table

10
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If the high and low projections shown are imposed on the business-cycle
effect described in the above paragraph, deviations from these two
causes could cause an increase in sales of 8% or a decrease of 13%
from trend in the later years of this forecast while most of the listed
assumptions would stiil be applicable. Projections by class based on
these high and low factors are given in Table II.

Average weather conditions are projected, affecting heating and
cooling loads.

Normal weather for each calendar day of the year is determined by
averaging actual weatl.ar data over a historic period. For the heating
season, this average is computed over a 45 year period from 1930 to
1974, For the summer cooling season, the historic - data covers a 30
year period from 1946 to 1975. Monthly and seasonal normal weather
are the sum of normal weather for individual days. A new normal is
calculated every five years,

To correct actual sales for normal weather conditions in any
given year, the difference between actual weather and normal weather
for the heating and coocling season is computed. These differences are
then multiplied by either a summer or winter weather electric usage
factor. These factors were developed using linear and multiple
regression techniques and are a measure of the relationship between the
changes in electrical usage and changes in weather. The resulting
product, when subtracted or added from actual sales, gives kWh usage
on a normal weather basis,

Other assumptions, the impact of which is concentrated on specific

classes of customers or uses, appear later in the appropriate sections.
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Loz

Heside

House -

Total

Small

large

ntial - kwh
Growth of HNumber of Customers (Year End)
Growth of Sales per Customer

Heating- ---kWh
Growth of Number of Customers (Year End)
Growth of Sales per Customer

Residential - kWh
Growih of Number of Customers (Year End)
Growth of Sales per Cusicmer

Commercial and Industrial - kwWh
Growth of Number of Customers (Year End)
Growth of Sales per Customer

Commercial and Industrial - kWh
Large Commercial
Large Industrial

Street Lighting - kih

Other

Public Authorities - kiWh

Railrecads and Railways - kWh

Sales

Interd

for Resale - kWh
epartmental - kWh

TOTAL

e ————

FHITADELPHIA ELECTRIC COMPANY SYSTEM

COMPOUND ANNUAL RATES OF CROUWTH*

BY Ulico o SERVICE

FPERCEIT

FORECAST

5 Year 10 Yemr
1578-83 1478-88
1.0 1.5
0.4 0.3
0.8 1.2
13.2 11.9
1k .k 12.8
(0.9) (0.8)
2,8 3.2
1.1 1.1
1.8 2.1
1.9 2.0
0.5 0.5
1.h 1.5
2.7 3.0
3.2 3.k
2.1 2.7
0.9 1.0
1.2 1.
2.0 2.2
1.1 1.0
1.3 1.7
2.6 2.9

15 Year 20 Year
1978-93  1gv8-98
1.1 0.7
0.0 (0.2)
i.1 0.9
10.9 0.4
11.5 10,3
0.6) {0.9)
3.1 2.3
1.0 c.u
2.1 2.0
1.7 {3
0.5 0.k
1.2 1.0
2.8 2.6
3.1 2.9
2.5 e.h
1.0 0.9
1.1 1.0
1.9 1.8
0.9 0.9
1.6 1.5
2.7 2.5

“¥Annual growth rates based on actual weather in 1978 as shown in Table I

Table IV

BASE CASE b

B

FURECAST
Wwiitheul Licrense
i: Spmee Heating

S Year 1C Year 15 Year 20 Year
1y78-83  1978-83  1978-93  1vjo-ul
z.6 A 2. 2.0
1.9 1. 1.2 1.0
0.5 1.7 1.3 0.4
2.0 0.0 2.0 0.0
0.0 3.0 .0 0.0
0.0 0.0 0.0 £,0
0.2 1.5 1.0 1!
1.1 1.1 1.0 0.
(0.9 Q. 0.6 0.5
1.2 1L 1.2 1.0
0.5 0.5 0.5 Ok
0.7 6.8 0.V 0.0
2.6 2.9 2.8 2.5
3.0 3.2 2.4 2.7
2.1 2.7 2.5 2.4
0.9 1.0 1.6 0.9
1.1 1.1 L1 L.0
2.0 2.2 1.9 1.8
0.9 0.7 0.7 0.8
1.3 1.7 1.6 1.5
1.7 2.3 2.2 2.8

R & F Dept.

December 19570
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FrofADELPWIA FEECIRIE COW.'anY SYE1iw

LUy AND wsGH FOMCAST RANGES

CoMPOyKly animunt RAIES OF GROWTH
[ By
JUL 1 13)
Fjug veqr §978-89 lgr fegr 1979-88 Sivisen Tegr ]970«9% fep 1) teat  lgor—ib
wiihoul ol thout Without 10Tt
Elaciric Spate manting Elweiric Space Meaiing Electric Spsce Meatle; clecirid L -are Heatioy
L= kybge High Ryngs  Low Defge High Renge L0 Ryngy h_Rar jow Ryrgs High He-ge ow Rprge 8 LIS hew Rargs High ma-ge Low Ryvge -jgh ke ugr bu delge mealjng

hezidentinl - kum (8.6) 2.9 {6.2) Lé 10.5} 2.9 (0.1 50 (0.4) 2.3 o 4.7 10.3) [ 0.1 (94
Growih of husdar of Custossrs [Av6e) (0.4) ‘0.5' {0.1) 1.0 {D.4) 0.1 [{N1] (] [0.5) {0.3) "(n.l) L {6.9) [ 13,1, 1.1
Crowth of Sales per Custoser {0.2) ' 7.4 (0.1} 1.0 Co{e.1) 2.7 [N %5 [N] 2,7 &2 3.3 | 0,2 IR .3 30
Houss Hesling - hub 5.8 0.2 a.0 0.0 . . | 18.1 o0 0.0 1.8 154 9.0 4.0 a3 141 . 0.0
Growth in Nusber ol Cusiomary { dug,) 73 19.% 0.0 0.0 6.6 17.5 [N:) 8.0 5.8 4.9 .0 0.0 5.1 2.9 CH] .G
Growih of Seles per Cusiomar he) *0.9 0.0 6.0 (1.2} 0.5 0.0 0,0 (9.9} 0.4 0,0 0.0 0.1 n2 6.0 0.8
Total dewidantinl ~ hun . ) L 75 5l (0.2) 4.1 0.% 5.0 (0.1} 4,6 o 5.4 0.0 &3 0.5 [N g 3.8
Growih  ie Wusber of Customery (awg.} (e.1) [} (0.1} L] {0, 5} 1.4 {o.1) ] {0.1) 1.2 {0.1) 1.2 {u.:) 1.1 Y Y [
Growlh of Selea par Cuslomar 3 3.9 (0.1} 2.6 0.4 [ ] 0.0 3.1 0.5 [N 0.2 3. [T .7 tag B
S3all Commercial and Industrial - kwh e ni "5 1.2 0.7 2.7 [N ] [N [ ) 2.3 [N ny [ XY 20 0. 1.4
Large Commareral wnd rndusirial - kwn 1,0 (8] .3 4.2 2.0 [ ] .9 3.9 [ it [ 1.9 Ly “w0 1.4 3oy
Large Comaarcial 1.6 5.0 LS [ L N 2.2 (%] 2.3 3 2.0 [N 22 [P bl 1.0
Large Ingeiisial 0.5 27 0.1 %7 1.7 EX L7 | X9 11 :;.0 11 3.8 [3 1Y . 39
Lireat Lighuing = hah 0,4 1.4 L Tl LN} Lt 0.4 (] 0.4 1.5 ] 1) 0.3 (1Y) "%} 1o
Qther Fublic Authorfliss — hym .7 . Y L7 ] 1.9 a6 L9 6.7 1.8 0,6 Lt a5 1.5 0.4 1.4
Nallrseds and Ruilways - hwn L [N ] [ EA ] [ X kN 0.9 31 [ %] N ] o.x L a7 (W] o.7 [
Salen for Menale = kuh (0.6) 1.0 (L8] 1.2 (8.9) 1.4 (e.5) 1.9 {e.1) 1.3 (0.2) 1.0 [ [ (o1} 10
thlardepurisenial - kb ) o7 24 0.} 2.0 L 2.0 1.4 2.0 1.0 2.0 l.g 2.0 a.8 2.1 0.0 iel
Total = kwh [ 4 (R} 0.6 9 (] i 12 9.3 [N 0“2 e 3.8 11 wl 1.0 I

WOIEs Growth reten are cudculeted with 1978 41 the baae year,

' Table V -
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1977 1979 1980 1981 1982
l.u e Tt T T . T
78 0.4

79 1.3 2.0

80 1.9 2.6 3.1

81 2.1 2.6 3.0 2.9

82 2.3 2.7 3.0 2.9 3.0

83 2.4 2.8 3.0 3.0 3.1 3.1
84 204 2.9 3.1 3.0 3.1 3.2
as 2.6 3.9 3.1 3.0 3.1 3.2
13 2.7 3.0 3.1 3.1 3.2 3.2
87 2.8 3.0 "3.2 3.2 3.2 3.3
88 2.8 3.0 3.2 3.2 3.3 3.2
a9 2.8 3.0 3.1 3.t 3.1 3.1
90 2.7 2.9 3.0 3.0 3.0 3.0
91 2.7 2.9 3.0 2.9 3.0 2.9
92 2.7 2.8 2.9 2.9 2.9 929
93 2.7 2.8 2.8 2.8 2.8 2.8
94 2.4 2.8 2.8 2.8 2.8 2.8
95 2.6 2.7 2.8 2.7 2.7 2.7
94 2.4 2.7 2.7 2.7 2.7 2.7
97 2.5 2.4 2.7 2.6 2.6 2.4
98 2.5 2.6 2.6 2.6 2.6 9.6
1977 1978 1979 1980 1981 1982 1983

246913 27081 27430 28490 29290 30170

31120
NOTEF TOTAL HMKWH FOR 1977 AND 1978 HAVE

FHILADELFHIA ELECTRIC COMPANY SYSTEM

COMFOUND GROWTH RATES - %
FROH

1983 1984 1985 1986 1987 1998
3.2

3.2 3.2

1.3 3.3 3.3

3.3 3.3 3.4 3.4

3.3 3.3 3.3 3.3 3.1

3.1 3.4 3.1 3.0 2.8 2.5
3.0 3.0 2.9 2.8 2.6 2.4
2.9 2.9 >.8 2.7 2.9 2.4
2.8 2.8 2.7 2.6 2.5 2.3
2.8 2.7 2.7 2.6 2.4 2.3
2.7 2.7 2.4 2.5 2.4 2.3
2.7 2.4 .6 2.5 2.3 2.2
2.6 2.6 2.5 2.4 2.3 2.2
2.6 2.5 2.5 2.4 2.3 2.0
2.5 2.5 2.4 2.3 2.3 2.2

TOTAL MMKWH
1984 1985 1984 1987 1988 1909

32120 33150 34240 35430 34530 37424

BEEN NORMALIZED. Table VI

BASE CASE

1989 1990 1991 1992 1993
| WHEN USING THIS TABLE: CHOOSE |
I THE STARTING YEAR FROM THE TOF |
I MARGIN» SELECT THE ENDING YEAR |
| FROM THE LEFT WARGINs WHERE !
I THEY INTERSECT YDU MWILL FIAD |
| THE COMPOUNED GROWTH RATE FOR {
I THAT FERIOD. 1
| EXANMFLE: FROM 1978 TO 1988 THE )
| COMFOUND GROWTH RATE |
| 1S 3.o0%. |

2.3

2.3 2.3

2.3 2.3 2.2

2.3 2.2 2.2 2.2

2.2 2.2 2.2 2.0 2.2

2.2 2.2 2.4 2.1 2.1 2.0

2.2 2.2 2.t a1 2.1 2.0 2.1

2.2 2.1 2.1 2.1 2.1 2.0 2.0

.1 2.1 2.1 2.1 2.0 2.0 2.0
1990 1991 1992 1993 19%4 1995 1994
38292 39184 40038 40928 41823 42457
E & F DEFT.

DECEMBER 1978

B892

1994 1995 1994 1997

2.0

2.0

43544 44413 45248



T0
7g

79
a0

81

a3
a4

s
B7
a8
a9
70
71

92

94
97

98

1977

26915

bt NOTES TUTAL MMRWIE FOR 1977 AHD 1970 HAVE

1977

19720 1979 1980 1901

27041

1978

28962 30144 312H1 30570

1979

1980

-+ -
N .
7] ra

£
.
2] [P

1981

1942

1982

19083

33974

FHILADELFHIA ELECTRIC COHPANY SYSTEM

1983

- b
v .
B b kS 4

F
.

1784

35302

HEEN NURMALIZED.

1984

1705

1985

1784

FROH
1986

TABLE VII

1987

[Z S % B P
. . .
& & 0

1987

1788

36%53 38625 40379 42093

1990 1991

1992

1993

HIGH CASE

1994

1995

WHEN USING TH1S TABLE, CHOOSE

THE STARTIHG YEAR
MARGIN»

FROM THE TULF

SELECY THE ENDING YEAR
FROM THE LEFT MARGIN,

WHERE

THE COMFOUND GROWTH RATE FOR

THAT PERIODL.

EXAMFPLE: FRON 1978 7O 1988 THE

1
|
|
1
THEY INTERSECT YOU WILL FIND 1
1
i
|
1
|

1988 1969

|

|

|

|

|

1

|

|

!

|

4.2

4.1 4.0
4.1 4.0
4.0 4.0
4.0 3.9
3.9 3.9
3.9 3.8
3.9 3.8
3.8 3.8
3.4 3.7

1949 1990

43877 45551

COMFOUND
IS 4.5i%.
4.0
3.9 3.9
3.9 3.y 3.8
3.8 3.8 1.8
3.8 3.8 3.7
3.8 3.7 3.7
3.7 3.7 3.7
3.7 3.7 3.6
1991 1992 1993
47458 49297 51186

GRONTH RATE

3.7

3.7 3.4

3.6 3.4 3.5

3.6 3.6 3.6

3.6 3.6 3.5
1994 1995 1994

53078 54998 54948

1994

1997

& F DEFT.

NFCEMRF R

17

1997

1998

L8980 41064

&
L
o



¥e

BOLE

FHLILADELEMLA ELEL AL QUMY AT DTD'en
———————————————————————————————————— LOW CASE
ALL CLASSES OF SEKVICE - MMKWH e
COMPOUND GROWTH RATES - %
FROM
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

T0
78 G.é
79 -1.0 -2.%

WHEN USING THIS TABLE» (CHOOSE |
THE STARTING YEAR FROM THE TOF |
HARGIN» SELECT THE ENDING YEAR )
FROM THE LEFT MARGINs WHERE |
THEY INTERSECT YQU WILL FIND |
I
|
|
|
|

|
|
a0 . 0.1 -0.2 2.3 |
i
I
| THE COMPOUND GROWTH RATE FOR
i
t
l
1

81 0.5 0.4 2.

THAT FERIOD.
EXAMPLE: FROM 1978 TO 1988 THE

83 0.9 1.0 1. CONFOUND GROWTH RATE

_ s _ IS 1.5%.
84 1.0 1.1 1.9 L8 1.8 1.8 1.8 e
85 1.2 1.2 1.9 1.8 1.8 1.9 1.9 1.9
84 1.3 1.3 1.9 1.8 1.9 1.9 1.9 2.0 2.0
a7 1.3 1.4 1.9 1.9 1.9 1.9 2.0 2.0 2.1 2.1
CE] 1.4 1.5 1.9 1.9 1.9 1.9 2.0 2.0 2.6 2.0 1.9
as 1.3 1.4 1.8 1.8 1.8 1.B 1.8 1.8 1.7 1.4 1.4 0.8
90 1.3 1.4 1.7 1.7 1.7 1.7 1.6 1.6 1.5 1.4 1.2 0.8 0.8
91 1.3 1.3 1.7 1.6 1.6 1.4 1.5 1.5 1.4 1.3 1.1 0.8 0.8 0.8
92 1.2 1.3 1.4 1.5 1.5 1.5 t.4 1.4 1.3 1.2 1.0 0.8 0.8 0.8 0.8
3

?3 1.2 i.2 1.5 1.5 1.5 1.4 1.4 1.3 1. 1.2 1.0 0.8 0.8 0.8 0.8 0.8

?4 1.2 1.2 1.5 1.4 1.4 1.4 1.3 1.3 1.2 1.1 1.0 0.8 0.8 Q.8 0.8 0.9 0.8

?5 1.2 1.2 1.4 1.4 1.4 1.3 1.3 1.2 1.2 1.1 1.0 0.8 0.8 0.8 0.8 0.8 0.8 0.9

26 1.1 1.2 1.4 1.3 1.3 1.3 1.3 1.2 1.1 1.1 0.9 0.8 0.8 0.8 0.8 0.8 o.8 0.9 0.8

97 1.1 1.2 1.4 1.3 1.3 1.3 1.2 1.2 1.1 1.0 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

98 1.1 1.1 1.3 1.3 1.3 1.2 1.2 1.2 1.1 1.0 0.9 0.8 0.8 0.8 0.8 ¢.8 0.8 0.9 0.8 0.9 0.9

1977 1978 1979 1980 1981 1982 1%683 1984 1968% 1986 1987 1988 19689 1990 1991 1992 1993 1994 1995 1994 1997 1998

26915 27081 246370 24989 27439 27922 28423 28947 29306 30109 30747 31332 3158% 316838 32093 32354 32623 32871 33185 33438 33712 34009

NOTE; TOTAL MMKWH FOR 1977 AND 1978 HAVE BEEN NORWALIZED. R & F DEPT.
TABLE VIII DECEMBER 1978
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PRICE ELASTICITY OF ELECTRICITY

The price elasticity of the demand for electricity for small price changes
is defined as the )

% Change in kWh = - P . dQ = Point Elasticity
s Change in Price 3 P
Where P = real price of an average cr marginal kWh of electiricity
, Q = quantity demanded in kih
| d = change in quantitiy
aP = change in real price

Price elasticity measures the degree to which a change in price vill affect.
the change in quantitfy demanced. Elasticities between O and 1 are considerasd
inelastic, while those greater than 1 are considersd elastic. Total revenues
accruing to goods whose demands are elastic will expand as the real price of the
goocs declines. Conversely, total revenues accruing to inelastic goods will
decrease as the real price of the goods declines. Changes in real price will not
have an appreciable influence on commodities whase demands are inelastic, while
for an elastic commodity, changes in price will have a stronger impact on the’

quantity used.

For large changes in price, arc elasticity is used. Arc elasticity is
measured over an arc af the demand curve rather than at a specific pecint on the
curve. To do this, one can use the average of the two price figures and the
avetage of the two guantity figures.

P, " P
= P P
-4Q x 2 = -4dQ ((2 + 1) = Arc Elasticity
2

Sometimes the prices and quantities are first converted ints log form. If
the elasticity wvere estimated to be -.5 and the point elasticity formula vere.
used, a 50% price increase would result in a 25% recduction in cquantity demanded.
If the elasticity vere estimated to be -.5 and the arc ‘ormula were used, a 50%
price increasge would result in an 13% quantity decrease.

Many elasticity studies analyze the influence of substitute fuel prices on.
the demand for electric enerqy. 0Defined as the cross-elasticity of demand, it
measures the degree to which a 1% change in the real price of a fuel substitute
(eoal, natural gas, residual oil, or distillate o0il) will affect the percent

change in kWh demanded.

Cross elasticity of - dQ (kWh) . P (Substitute fuel)
electricity in (kwh) dP (substitute fuel) 3 {klh)

29



30

276a

The price elasticity of any good or service is a function af:
(a) the price and availability of substitutes,

(b) the degree of necessity attached to the commodity
ar service,

(c) the proportion of the household or business budget
that is devoted ta the commodity or service.

In other words, high price elasticity is associated with the availability
o7 substitutes at a reasonable price, nonnecessities, and goods or services which
represent a2 large proportion of the budget of a household or business. Lov price
elasticity is associated with guocs that have no substitute at a reasonable price,
are necessities, and represent a trivial proportion af the family eor business
budget.

With these principles in mind, an examination of electric cdemand should
provide some tenfative ideas regarding the degree of elasticity for electric
service.

In the residential sector, gas is a reasonable substitute for water heating,
space heating, clothes arying and cacking, and ¢il is a reasonable substitute for
vater and space heating. Howvever, aver the near future both gas and oil are
expected to be in short supply, if available at all, and the price of these fuels
is expected to increase at least as fast as that of electricity. For most nome .
uyses of electricity, it is considered in the nature af a necessity. I[n the
typical American home in 1977, electricity represented only 2.1% of total personal
consumption expenditures compared with items such as:

Percent af Total Personal
Consumption Expenditures

Food 18.0
Clothing 7.9
Housing 15.3
Medical Care 9.8
Personal Business 5.0
Transportation 14,3
Recreation 6.7
Tabaceao l.4
Alcocholic Beverages 2.3
Gas, fuel oil and coal 2.1
Electricity 2.1

In the Philadelphia Electric Company area in 1972, 2.2% of average employee
earnings was spent on electricity. By 1977, this proportion had increased to 3.0%.

The shortage of substitute products, the expectation that their prices will
rise as fast as electricity, the necessiiy characteristics of electricity and the
relative unimportance in the family budget all point toward low price elasticity
in the resicdential market. .
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In the incustrial sector, gas and oil are expected to be 'in short supply in
the near future, and electricity is considered in the nature of a necessity also.
In the typical manufacturing industry, the cost of electricity represents only
2.1% of total product value, and in nc standard industrial classification tvo-
digit industry does it represent more than 5.3% of procduct value. This indicates
that industry could pass on any increase in the price of electricity with only a
slight rise in the price of its procuct. A 190% increase in the price of elec-
tricity, if this increased cost is passed directly to the consumer, should procuce
about a 2% increase in price for the typical manufactured good. The calculations
in this paragragch are based on the 1976 Pennsylvania Industrial Census, and 1976
P.E. revenue from manufacturing customers. Even if gas and oil are available,
their price will be rising as fast as electricity, so the possible advantage in
shifting fuels should be eliminated.

A number of economists have attempted to estimate the price elasticity aof
electric cemand; however, there ig little consensus in any of the thrﬂe sectars.
The following summary gives the general ranges:

Class Shart Run Long Run
Residential -.09 to - .99 -.325 to -2.00
Commercial -.16 to -1.16 -.538 to -1.42
Industrial -.21 to -2.71 -.429 to -2.40

it is important to note that none of the elasticity studies measure the
extent of a change in real electricity price on a customer's peak load require~
ment as measured in kY. The econemist's cdefinition of demand is used in the
context of electric consumption (energy), not power (kW). Therefore, the impcrtant -
analysis of determining relationships between changes in real electric price and
the commensurate changes in both system and class-diversified load characteristics
cannot be quantified at this time. In the long run however, a real price change
in electricity will be followed by a lagged response in consumption. Consumers
will tend to purchase appliances which utilize fuels whose real price per Btu
equivalent is lower relative to electricity. Long run elasticity estimates the
percentage change in kWh, allowing for the lag response to have had time to work
itself out. The lag responss is the time it takes for the consumer to purchase
substitute appliances in response to the initial electric price change.

Many ecriticisms have been leveled at the elasticity studies including the
following:

C 1. The relevant variables may not be included. Most of the studies take into
account the role of competing fuels. However, a large portion of electricity
consumption is utilized by appliances which have no practical fuel alterna-
tives to speak of. Therefcre, thisg portion of kWh consumption is certainly
price imelastic, while the heatinqg requirements are definitely more elastic.
Nane of the listed studies have attempted {o differentiate between those
demands which have viable fyel substitutes and those that do not. Until
these markets are separated out, the effects af competitive fuel costs on
electrieity demand will not be clearly distinguished from the noncompetitive
markets.

3l
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The empirical research of the late sixties and very early seventies is no
longer valid with today's energy shortages and the ensuing real rises in
electricity prices.

Due to the declining rate block structure, average revenue per customer is

as much determined by levels of consumption as consumption is cdetermined by
average revenue. Electric rates and consumption become dependent on each
other which refutes conventional demand studies which treat price as an
exogengus variable, independent of the quantity consumed. While the use of
typical monthly electric bills avoids the dependence problem by assuming
fixed levels of consumption of electrieity, it still does not give an adequate
megsure of marginal electric price. The price of the incremental kWh of con-
sumption is theoretically the best measure of price in doing a demand study.
Very few studies have been agble to incorporate an incremental price variable
in their demand analyses.

An important gquestion to which very fev elasticity studies address themselves
is the assessment of the effects of changes in rate structure on electric
consumption. To what extent will a 1% bill increase at the 100 kWh per
custamer level lead to a significantly different price elasticity than at the
1,000 kWh per customer level? The majority of the models, wvhich use a constant
elast1c1ty coefficient, cannot provide adequate ansvers.

While the studies do indicate some degree of price sensitivity, there is no
indication that peak loads either at the system or class-diversified lsvels
will respond to large increases of electric spaces. There is no reason to
assume that kW demand will decrease especially in summer peaking companies.
This stems from Wilsen's findings that air conditioning saturation is not
electric price sensitive. Since summer peak loads will remain at least
constant over time while energy use decreases by virtue of electric price
rises, the load factor will decline. As the load factor decreases, costs
per kWh wiil rise, leading to higher rates, which would trigger a new use/
price reaction cycle over again. However, winter peaking loads might axhibit
an opposite use/price reaction cyecle although it would be less pronounced
than summer pesking loads. Gujarati has found that resicential electric
house heating saturatiocn is extremely sensitive to electric price. In fact

the long run elasticity is -5.00.

Increases in the electric heating rate would tend to decrease the amount of
new space heating added each year. This would have the effect of lowering
the consumption and peak in the winter months, This would result in a lower
annual load factor which would tend to raise the costs per kilowatthour and
cauge the company to seek rate relief to cover the revenue lost. A vicious
cycle would result whereby rate increases caused the need for further rate
increases. Any rate increases for electric space heating are contrary to
national policy because they would force builders to install oil which is
already in short supply, particularly in the long run. Gas is already in
such short supply that only limited connections can be made by the campany.

One of the best tests of the estimated elasticity coefficients is whether

they have been an accurate estimator of the effect of price increases vhich have
already taken place. The present average estimate of short run residential price

elasticity is -0.5.

32



This estimate can be tested against PECO sales or average use. from 1548
to 1977, the residential rate per kilowatthour excluding Rate RH increased 133%.
¢ the same time, the Consumer Price Index increased 74%, s0 the relative increase
in PECO rates was 54%. If the above menticoned elasticity applied in this period,
average use should have fallen 23%. If fact, average use excluding Rate RH
increased 28%. Based on’ the experience of this company, the elasticity estimate

of -0.5 is much tao large in the short run.

while the coefficient of elasticity cited in many studies seems much tao
large, it is reasonable to conclude that some elasticity does exist primerily .
as a result of the long run impact of rising prices over many vears curing which
tine consumers have an cpoportunity tc buv more efficient appliances and business-
men have had time to plan and construct more efficient buildings.

0. F. King
December 1973
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PRICE .ELASTICLTY OF FLECIRICITY: SIMMARY OF LEOONOMIEIRLIC ESTIHATES -

RESLDENTIAL SECIOR STUDLES

Anderson

Cicchetti & Snith

. FEA-National Energy Outlook
Fisher & Kaysen

Griffin

1lal vorsen

Houthakker

louthakker & Taylor
lbuthakker, Verleger & Sheehan
Mount, Chapman & Tyrell

Taylor, et al

Uri

Wilson

Source: Office of Conservation
N FEA - 9/30/77

TYPE OF

PRICE

SUHORT ~ RUN
ELASTICI'TY
NE
NE
-0.15 to -0.20
~0.22 to -0.99
-0.06
-0.2 to -0.3
~-0.89
-0.13
—-.03 to -.09
-0.14 to -0.31
-0.07

-0.61

NE

LONG-RUN
ELASTICLTY
~1.12
~-0.53 to —é.33
-0.77
NE
-0.52
-.97
NE
-1.89
~0.44 to -1.19
=-1.20
~-0.78
-1.66
-1.33

“Elec. Utility Rate Demonstration Project” - Exhibit (CRI-2)

TS:

PTS:
PTS:

TS:

PTS:

CS:;

PTS:
PTS:

Prs;

TS:

88

TYPE OF DATA

States

Utility Service Territory
Regions
States
Aggregate U, S.
States

Cities
Aggregafe U.S.
States

States

States-
Aggregate U.S.
MSsA



(OMAERCIAL SFCTOR STUDLES

N

J

]

l I I

I !

PRICE._EIASTICITY OF KLECIRLCITY: SUMMARY OF ECONOMEIRIC  KSI'IMATES (Cont'd.) )

TYI'E OF

Average price paid for fixed anomt of constmption per month.

PRICE
FlA-National Fnecgy Outlook A
Geilffin A
thl vorsen M
bunt, et al A
uei L A
INIDISTRLAL SECTOR SFUDIES
IFFA-National Fnerpy Gutlook A
Gri ffin A
Hlal vorsen M
Mount, et al A
thri. A
chem A
Notes:
A:  Average price
Al: !
C5: Cross Section
PTS: Pooled time series
M:  Marginal price
NE: Not estumated
TS: Time series
(28]

SIHORT - RIN

FLASITCITY

0.2
—0.04
NE
-0.17
~0.34

-0.13
-0.04
NF.
-0.22
~-0.35
-0.25

LONG-RUN
FLASTICITY

~0.87
~0.51

-0.92 to -1.21
~1.36
0.85

-0.33
—0.51
=1.40 o -1.75
-1.82
-0.5]
-0.90

PI'S:

TS:

PTS:
Pes:

T8:

Irs:

TS:

CS:

PI'S:

T6:

Prs:

TYPE OF DATA

Regions
Aggregate U, 5.
States

States

Agpregate 1), S.

Regions
Aggregate (1.5,
States

States
Agpregate U.S.

SIC Inchustries

BIR¢
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RESIDENTIAL DISCUSSION
To78-1688

‘ The residential forecast is comprised of electric energy use associated
with Rates R, RM, RH and WH for single family detached houses (HSE), single
family attached houses (TWHSE) and individually metered apartments (IMA).

Rates GS, PD and HT new single point metered apartments are also developed
in this section, but the energy sales associated with them is included in the
commercial and industrial forecast section.

The forecast was formulated through an analysis of existing customers and
their use of electricity; projections of dwelling umits as they correlate to
changes in population patterns; review of regional and national appliance sales
figures; projections of expected energy savings due to the implementation of
the Department of Energy's efficiency improvement targets; and changes in
design of both housing and appliances as well as patterns of use.

The usage of existing customers is obtained from variocus Company records,
while surveys, Census data, sales records and industry related publications
. used to project appliance saturations and energy use are included in the
listing of reference materials found at the end of this section.

The assumptions relied on for the residential forecast specifically, as
well as demographic assumptions alsoc used in other classes of service, are des-
cribed in the headings after the following summary.
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RESIDENTIAL FORECAST SUMMARY

For the forecast period 1978 to 1988, the annual growth rate for the total
residential market is 3.3%. For Rate RH, the amnual growth rate is 12.2%
compared to 1.5% for the nonelectric heating customers.

A major component supporting the forecasted growth of 3 billion kiWh is the
growth of new customers. By 1988, 172,000 new construction customers are
projected to be added, of which 75,000 will be electric heating customers,
contributing 50% of the forecasted growth of electric sales. An additional
97,000 nonelectric heating customers will be connected adding another 800
million kwh, or another 25% of the projected increase. The remaining 750
million kiwh of growth will be from the existing 1.2 million customers. Of this
increase, about one-third or 250 million kWh will be heating kWh obtained from
the conversion of Rate R customers to Rate RH.

With increased appliance efficiencies, the refrigerator market segment
will decline ftom 30% of total 1978 sales to 25% by 1988. The other market
segments are relatively unchanged with the exception of electric heating which
increases from 5% of 1978 sales to 12% by 1988. In-depth appliance forecasts
are described in the following text and summarized by their respective tables
and charts,

For comparison, in October 1978 the Applied Business Research Institute
(ABRI), under a subcontract to Wharton Econometric Forecasting Associates
(WEFA), completed a ten year electric energy sales forecast for the period 1977
to 1987. For the electric heating market, ABRI's middle economic forecast pro-
jects a 14.7% annual growth rate compared to PECO's like period forecast of :
13.0%. For the nonelectric heating customers, ABRI projects a 2.2% growth rate
compared to PECO's 1.4% growth rate. For the total residential market, ABRI
projects a 4.3% annual growth rate compared to PECO's 3.1% growth rate.

For the period 1978 to 1990, the Oak Ridge National Laboratory (ORNL) pre-
jects for the Mid Atlantic States (Pennsylvania, New Jersey, Maryland, Delaware,
Virginia and West Virginia) a growth rate of 3.5%. This projection includes
their estimation of the affects of an "appliance efficiency program, thermal
standards for new residential construction, a retrofit program, and the combina-
tion of these three programs'. For the same period, PECO's forecasted growth
is 3.3%. For the longer run 1978-1995, ORNL projects 3.1% compared tc PECO's
forecast of 3.0%.

39
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OMPARISON OF THE BASE FORECAST

Total Electric Sales (Million kwh)
kWh Difference (Million kWh)
Percent Difference

Average R Rate Living Units (Thousands)

kwh/Living Unit

Major Areas of Deviation - (Million kWh)

Electric Heat

Air Conditioning
Room Coolers
Central Plant
Total A/C

( 89)
(308)
Transportation

Water Heating

Lighting

All Other Appliances

TO THE LOW AND HIGH RANGES FOR 1988
1988
Low Range Base High Range
8,064 10,807 13,777
(2,743) - 2,970
(25%) - 27%
1,157 1,299 1,340
6,970 8,319 10,281
( 544) +577
+178
+195
( 397) +373
( 170) +292
( 176) +579
( 126) +122
(1,330) +1,027
(2,743) +2,970

Of the above deviations from the base forecast, the change in the number
of living units in the low range accounts for 1,181 million kWh or 43% of the
decreased usage 2,743, while in the high range the increased living units
account for only 341 million kwh or 11% of the increased usage 2,970.
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POPULATION MODEL

An abridged form of the cohort - component method of demographic population
projections, was used to simulate changes which occur in area population from
1970 to 2000. Estimates and projections consider the natural increase of .
births, natural decrease from deaths and the effect of net migration applied to
a 1970 base population as extracted from the U.S. Census. (1,2)*

The cohort method is used to produce anticipated changes in population by
age, sex and race classifications caused by the factors of fertility, mortality
and migration, while maintaining the integrity of the individual cohort; the-
cohorts being defined as a group of individuals born in a specifically defined
time -interval. (3,4)

There are thirty-four cohorts defined in the population model. They are
by single year classification up to age 19-20 and by five year age groups to
the 85 plus cohort. To each age cohort, based on race and sex differences, the
appropriate survival rates are applied. To those females ages 10 to 49 years
old, the race and age specific fertility rates are applied to determine the
expected births. Birth sex proportions are applied to determine the male to
female ratio of births in a given year. Finally, net migration estimates were
applied to all age cohorts to determine the net change in the area population
from year to year,

The attributes of the cohorts are as follows:

1. Age - The base population, on which all estimates and projections are
made, was extracted from the 1970 Census of Population.(1,2)

Thc population is advanced from 1970 to the year 2000 by the
cohorts previously defined. This is done by a stepwise procedure,
the steps synonomous to the time interval of the cohort definition.
The intervening time periods are extrapolations of the interval
calculations. :

2. Race - Each cohort is segregated into white and non-white races.
This is essential for the application of the appropriate race-specific
fertility, mortality and migration rates. The ratio of white to non-
white portions of the population has a definite effect on the growth
rate of the total population.

3. Sex - Each cohort is further segmented into male and female categories.
This allows the application of the appropriate death and fertility
rates. It is also necessary for the proper apportionment of new
births to each sex category.

*A list of references can be found at the end of the residential section.
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All forecast scenarios use the Bureau of Census revised Series II fertility
rates.(5,6) This Series ultimately leads to replacement level fertility by the
year 2015, approximately equal to 2,100 births per thousand females. Present
fertility rates are lower for white than non-white races although the difference
is projected to disappear. The race-specific fertility rates are applied to
the individual female cohorts ages 10 to 49 years of age.(7)

Mortality is considered through the use of survival rates by each cohort
sub-category. Survival rates represent that portion of a cohort that pro-
gresses from one specific time interval to another. The rates used were
obtained from the Survival Tables published in the U.S. Bureau of Census'
Current Population series.(5,6)

Migration from the 1970-1976 period has taken into consideration the
Census Bureau's P-26 Series estimates of net migration.(8,9,10) From 1976,
three scenarios are offered using varying migration assumptions. The base case
shows a decline in net out-migration over a ten year period after 1976 to the
1965-1970 rates.(11,12) The low range considers migration to remain at its
present rate through 2000. The high range assumes net migration to be neutral
after that estimated for the initial period. (13,14) '

Data is collected for the five county Pennsylvania area of the Philadel-
phia SMSA, for portions of York County, Pennsylvania and for portions of Cecil
and Hartford Counties in Maryland.(2,15) This area is reduced to conform with
the PECO and Conowingo Power Company service areas. Separate projections are
made for the five county area, the PECO service area and Conowingo Power Company
service area. The latter two are combined to yield a PECO system population
projection. The five county (Bucks, Chester, Delaware, Montgomery, Philadelphia)
area projections are used strictly for comparative analysis to existing estimates
and projections.

The following table summarizes the population forecasts develbped by various
government and academic groups compared to PECO's in-house forecast for the five
county Philadelphia area. '



POPULATION ESTIMATES AND PROJECTIONS

FIVE COUNTY PHILADELPHIA SMSA (PENNSYLVANIA PORTION)
(BUCKS, CHESTER, DELAWARE, MONTGOMERY, PHILADELPHIA)

SOURCE

Federal State Cooperative Program(16)

Office of State Planning and
Development (17)

Pennsylvania Deﬁartment of Education(18)
U.S. Bureau of the Census(8,9,16)

Delaware Valley Regional Planning
Commission(16,19)

Applied Business Research Institute(20)

Philadelphia Electric Company

1976
ESTIMATE*

3,802,000

3,802,000

3,984 ,000%*%
5,802,000 (Provisional)

3,802,000

3,802,000
3,791,000

*County estimates and projections(21,22,23,24)

**Extrapolation from five year figures.
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2000

PROJECTION

3,965,000

4,385,000

4,292,000

4,131,000
4,104,000
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HOUSEHOLD FORMATION

On a national basis, the Department of Commerce reports that the mumber of
people per houséhold decreased from 3.37 in 1950 to 3.14 in 1970 for a 20 year
annual rate of -0.35%.(25,26) From 1970, the rate of decrease advanced to
-1.33% per year to a level of 2.86 people per household in 1977. For the
forecast period 1977 to 1990, the Department projects another decline at an
annual rate of -0.88% down to 2,55 people per household by-1990(27,28).

For the Philadelphia area, the muwber of people per household decreased
from 3.60 in 1950 to 3.21 in 1970 for an annual rate of -0.57%. From 1970, the
Philadelphia area declined at an annual rate of -1.39% which was slightly
greater than the national level.(1,2,29,30) For the forecast period 1977 to
1988, PECO projects another decline at an annual rate of -0.55%, which is
three-fifths of the Department of Commerce's national rate. If PECO accepted
the Department of Commerce’s projection for the Philadelphia area, the PECO
forecast would project another 50,000 households on line by 1988.

For many years, the Department of Economics at McGraw Hill has developed
an annual forecast for energy sales. As part of this forecast, they prepare
both a national population and household formation projection. For the fore-
cast period 1977 to 1990, they project the mmber of people per household to
decline from 2.51 in 1977 (compared to the Department of Commerce's.estimation
of 2.86) to 2.6Z people per household in 1990 (compared to 2.55 by the Depart-
ment of Commerce). For 1988, McGraw Hill projects a ratio of 2.65 as compared
to PECO's ratio of 2.74.(31)

Since household formations are relatively independent of the mumber of
children in the population, a validity check compares the total mumber of
adults per household. The Department of Commerce projects a decline from 1,99
adults per household (18 years and over) in 1977 to 1.84 in 1990.(25) The PECO
forecast projects a decline from 2.07 in 1977 to 2.04 in. 1990.

The relationship between total households and females over -19 years of age
is also monitored. PECO's forecast projects the number of households per
female over 1% to increase .from 0.952 in 1975 to 0.960 in 1988. From 1960 to
1975,  this ratio increased at an anmmual rate of 0.75%. For the forecast period
to 1988, the annual growth rate is only 0.06% - virtually stabjlized.

For the Philadelphia area several local forecasts have been made, ranging
from. particular areas or specific counties to a projection for the entire
Delaware Valley, The city of Philadelphia's Planning Commission projects the
mumber of people per household to decline from 3.0 in 1970 to 2.50 in 1990 for
an annual rate of -0.91% compared to PECO's rate of -0.88% for PECO's entire
system. (32)
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For the five county area, the Delaware Valley Regional Planning Commis-
sion(16,19), based on data obtained from the Planning Commissions of each
county, projects a five county twenty-five year (1975 2000} population: growth
of 420,000 as compared to PECO's five county service area projected growth of
283, 000 For the year 2000, DVRPC projects a five county people per household
rate of 2.50 compared to PECO‘s forecast of 2.68. For the year 2000, the DVRPC
projection of 2.5 people per household, in conjunction with PECO's service area
population, would lead to another 100, 000 households on line by the turn of the

century.

The Pennsylvania Office of State Plamning and Development{(17), projects a
five county twenty-five year (1975-2000) population growth of 165,000. Using .
their population projection and the DVRPC's pTOJECthH of 2.5 people per
household, results in a twenty-five year growth in households of 300,000 living
units as compared to PECO's service area projected growth of 260,000 11v1ng
units.

Finally, in an independent study prepared by Applied Business Research
Institute(20), as a subcontractor to Wharton Econometric Porecasting Associates,
ABRI projected a 1987 population for the Pennsylvania PECO service area of
3,805,000 as compared to PECO's in-house projection of 3,825,000. For the year
2000 ABRI preliminarily projects a population of 4,002, 000 compared to PECO's
projection of 4,001,000.

For the period 1979 to 1988, PECO projects an increase of 173,000 house-

olds for the high range and a loss of 3,000 households for the low tange. For
the base case, a 133,000 household increase is projected.
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NEW CONSTRUCTION

. Since World War II, the United States has experienced a multitude of
-changes. Many of today's life styles and buying patterns, rooted in the events

" of the mid-1%40's, are having major impacts on today's economy.

In 1945 veterans began to return home and start families. The "haby
boom'' lasted until the early 1960's. In the mid-to-late 1960's, as women born
in the post-war "boom' grew into the marrying age (20 to 24 years), they out-
numbered potential mates in the '"suitable" age group*. Many of these women
postponed their marriages and many continued on to higher education and then
went into the labor market. With larger incomes, these women set up single
households or joint households with unrelated individuals. Thus began a marked
evolution in American life styles that has expanded in scope during the 1970's,

A recent analysis by the U.5. Census indicated the following changing life
styles:

1. More young adults are remaining single or postponing marriage. The
proportion of all women 20 to 24 vears old who had never married
soared from 28% to 45% between 1960 to 1977. The never-married women
in the age group 25 to 29 increased from 10.5% to 16% in the same
period with the entire gain occurring since 1970,

2. The number of non-family households is growing sharply and much of
this increase seems to be directly associated with.the postponement
of marriage and also the growth of the ''senior citizen's cohort'. 1In
1977, there were 18 million non-family households and 90% of these
households were "primary individuals" living alone, an increase of
50% between 1970 and 1977 compared to only a 10% increase for family
households.

3. The divorce rate and the ratio of divorces to intact marriages have
both been increasing. Partly as a result of this trend, 35% more
families were maintained by persons without a spouse in 1977 than
1970 and over 80% of these families were headed by women. About one-
third of all children now live in a family where divorce has been
experienced.

Of all the above factors, the most significant development of the past ten
years, for its impact on spending patterns, is the great increase in the nmumber
of working women. In 1977, over 53% of women participated in the labor market
compared to less than 41% in 1960. Other changes in consumer demand have re-
sulted from the earlier retirement age of men, the increase in part-time jobs,
the smaller size of families, changing value judgments and the growing ratio of
young adults and older .citizens.

*'Suitable’ age is defined as a median of three years older than the woman.
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These demographic, cultural and sociological changes have had an increasing
impact on the housing industry. Housing demand has been boosted not only by
the effect of the post-war-boom babies reaching the home buying age but alsg by -
the increase in the number of families with two incomes and by the increasing
mmber of new one person households. In the future (1977 to 1982), the 20 to
39 age group will increase by 13% compared with an estimated total population
increase of 4%. This single factor supports a strong housing demand for new
homes and apartments.

The above analysis was extracted from a research paper prepared by the
Argus Research Corporation. (25,33)

A recent article in the Wall Street Joumnal reaffirms these findings and
further points cut that the major portion of the "baby boom™ is between 20
and 30 years of age, the usual period of household formations, and that this
group is just beginning to dominate the housing market. They also state that
the members of this generation, both single or childless couples, are not as
worried about poor schools, crime and crowding and are thus moving into cities,
where their purchase and rehabilitation of blocks of deteriorating housing is-
raising some officials' hopes for an urban resurgence. This latter factor can
be seen in the Society Hill area of Philadelphia.

The Wall Street Journal article further quotes Stuart Davis, Chairman of
Great Western Savings and Loan Association, that by the end of thlS decade 32
million Americans will have hit the age 30 milestone, up a whopping 39% from
the total during the 1960's. And during the 1980's, about 42 million will
reach 30. Based on this factor alone, he sees no significant drop in the housing
demand until the 1990's when the 'baby -bust' generation of the 1960's enters
the market.

In the same article, Dwight Jaffee, Princeton University Economics Professor,
states that he expects an average of slightly more than 2 million housing
starts a year over the next 10 years compared with an average of about 1.7
million over the past 10 years. In his words, "The (housing) industry is
ratcheted up a whole notch. The 1980's are going to be glorious."

Kemneth Rosen, Assistant Professor of Economics and Public Affairs at
Princeton, estimates that current demand is rumning 25% above that of the
1960's and even high interest rates aren't likely to kill this boom because it's

demographically based.

The Journal article continues with Michael Sumichrast, Chief Economist of
the National Association of Home Builders, who forecasts that within five years
70% of all U.S. households will own their own dwellings, up from the 64% level
maintained since 1970. That prediction indicates a low level of apartment
construction. Mr. Sumichrast states "If it weren't for govermment subsidized
buildings, we would actually be losing rental inventory.' .
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: In the past most young couples lived in apartments for several years until
they could save a sufficient "nest egg'" for a down payment on a home. As the
above data indicates, this is no longer true. Again, the Wall Street - Journal
indicates that a recent study by the U.S. League of Savings Associations found
that 35% of all home buyers are under 30 years old and 63% of all first time
home buyers are under 30. The Home Builders Association says 10% of the homes
sold last year were bought by people under 25 years old. For these people, the
economics of home ownership were compelling. (34)

In another Argus Research paper, they state "A house is not just a home
these days. It is also an investment...The median purchase price of a new home
in April 1978 was a record high $53,000, just about twice what it was in April
1973." Argus says, ''Federal tax rate structures...have long favored construction
of single family homes and have assumed increasing significance as inflation
pushes more families into higher nominal tax brackets. Home ownership is now a
prime inflation hedge...."(35)

In recent months, 'interest rates on mortgages have increased at an alarming
rate. In July 1978, a Business Week article on mortgages stated, 'With savings
inflows off 20% £rom last year, the first signs of tight mortgage money are
cropping up...{some) savings and loan associations and saving banks around the
country are beglnnlng to ration credit by demanding higher down payments and
shorter maturities. Some have cut out mortgages with less than 10% down.'(36)

" In the August 28 issue of Business Week, it is stated that housing fore-
casters worried that a restrictive monetary policy, high mortgage interest
rates and dwindling savings at mortgage lending associations would slow housing
by at least 15%, and some saw it beginning a sharper decline by early next year
(1979}, following the contracyclical patterns that has plagued the industry
since the mid-1960's. A Federal Reserve Board insider is quoted as saying,
"housing is now seen as playing a role in preventing an economlc slow down and
keeplng consumer spending alive."(37)

The Business Week article quotes Allen Sinai, financial economist for Data
Resources Incorporated, who predicts, 'Unless you get.a full blown credit
crunch, housing and housing-support organizations will get their money."”
Michael Sumichrast of the Home Builders feels that home buyers were still
willing to accept 10% interest rates. Jay Janis, Under Secretary of the
Housing and Urban Development Department, says while inflation may average 8%
this year, houses will go up 10% to 12%. In his opinion, ''The purchase of a
new single family home is the best investment available to a young family or
anyone else in this country.''(37)

In PECO's budget forecast for 1978, 13,000 new construction living units*
were forecasted to be completed and occupied. With eight months of actual data
recorded for 1978, it appears that about 13,500 units will be connected with
about 12,000 units individually metered. In view of the increasing potential
of a credit crunch, PECO projects an 8% decline for individually metered new
construction units in 1979, down to the 11,000 unit level.

*Includes both individually metered and single point metered living units.
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For the overall forecast period 1978 to 1988, PECO projects 183,000 living
units to be built in the Company's five county Pennsylvania territory as com-
pared to 171,000 units constructed in the period 1967-1977. The average annual
increase for the forecasted period is about 7% compared to Dwight Jaffee's
national prediction of 19%.(34) (PECO includes intercity rehabilitated housing
as new construction.) '

As.stated previously, housing needs are population related. - In the period
1965 to 1977, 27.7 housing connections were made in the Philadelphia area for
every 100 people reaching the age 22. For the forecasted period 1975 to 1988,
PECO's projected ratio is 26.9, about 3% less than the historical average.

Abating the effect of new construction on housing supply is the removal of
housing units through demclitions and abandonments. For the period 1979 to
1988, PECO has estimated the net effect of demolitions, abandonments, reintro-.
ductlon of services and separations of wiring to average an annual loss of
4,100 units,

While five county regional all-inclusive data is not available on the
mmber of dwelling units demolished and abandoned each year, localized data has
been accumilated primarily from the city of Philadelphia and Delaware County
permit records.(38,39) Because of the age characteristics of the residential
neighborhoods in these two localities, it is believed that this data accounts
for a vast majority of the living units removed from the system. In Phila-
delphia, where about one-half of all PECO. customers reside, there has been
approximately 1,500 to 3,000 units demolished each year. In recent years,
after examining Company records, new construction housing data and demolition
records, it would appear that demolitions on a five county basis are for the
most part being offset by decreasing vacancy rates, reintroduction of services
and separations of wiring. The latter is evident by examining the large number
of older "mansion-type homes'' that are being subdivided intc apartments. In
addition, Bureau of the Census data on vacant housing indicates that national
trends may be moving in a similar direction.(40,41,42) On the local. level,
there are also some cases of large commercial buildings being converted into
single point metered apartments, notably the conversion of the Adelphia and
Warwick hotels into condominiums and the Botany 500 and Wéstmlnster Arch
buildings into SPM .apartments.

In the projection of housing needs, the PECO model segments new construction.

into four categories - single point metered apartments (SPM) on Rates GS, PD
and HT, and individually metered apartments (IMA), row/townhouses (TWHSE), and
-single detached houses (HSE) all on Rates R or RH.
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In the period 1970 to 1977, 47% of all new construction living units were
apartments - SPM or IMA. 1In the years of 1970 to 1973, when the average annual
units connected approached 19,000, 53% were apartments. For the period 1979 to
1988, PECO forecasts new construction apartment additions of 78,500 umits which
is about 45% of all newiconstruction units. Based on the previously discussed
housing analyses of national forecasters, PECO's apartment estimations may seem
high; however, PECO maintains that for the present a conservative estimation is
warranted for the Philadelphia area. In the city of Philadelphia, the average
household size for 1970 was 3.0 persons. The Philadelphia Planning Commission
estimates the household 'size to decline to 2.5 persons by 1990.(32) As house-
hold size declines, the need for single family homes may decrease. As the cost
of housing increases, the ability of marginal income residents to purchase new
homes declines and resul'ts in an increased demand for apartments. The Depart-
ment of Commerce indicated that for 1977, 24% of total new construction was
apartments as compared to the peak rate of 50% with over one million apartment
units in 1972. For 1978, the Commerce Department projects a 7% increase over
1977 to a 31% level. The Commerce Department further states, 'Despite the
relatively slow pace of jrecovery for multi-unit housing compared to single
units, there is a’'basis for improvement in the investment climate for the
apartment market. Demographic and social factors (i.e. many new young families,
more single person households and a rise in the elderly population) have been
favorable in recent years and will become even more s0 as we approach the
1980's'". (43} If a higher percentage of single family units are constructed than
is included in the PECO forecast, the PECO energy forecast may be on the low
side since single family units have more appliances and use more energy than
apartments.

For the forecast period 1979 to 1988, 3,000 SPM umits will be added.. Be-
cause of anticipated restrictions by either the Department of Energy or the
Pennsylvania PUC(44), increased utility charges to HT customers and the desire
of many developers to transfer utility costs to apartment renters, no further
construction growth is anticipated above presently committed SPM umits.

For single family living units, PECO forecasts 43,000 additional townhouses
and 53,000 new detached units for a forecasted market .segment of 25% and 30%
respectively. For the period 1975 to 1977 (the only years where historical
townhouse data is available}, 19% of new units connected were townhouses and 47%
were single detached units.

For the high range from 1979 to 1988, the forecast projects 29.7 new
construction housing comnections for every 100 people reaching the age 22. For
the low range, the ratio is 13.5. Under the high range, 200,000 living units
will be conneéted as compared to 90,000 units for the low range and 175,000 for
the base forecast. The high range projects that 70% of the new construction

units will be houses while the low range projects only 47% houses and 53%
apartments.
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To determine the penetration of electric heat, each housing sector (single
point metered apartments, individually metered apartments, townhouses and
single detached houses) was separated geographically - City of Philadelphia,
Suburban Divisions and Conowingo Power. Heating costs were calculated for a
typical single detached house comparing PECO gas rates, fuel oil costs and
three types of electric heat systems - baseboard, furnace and heat pump.

Based on a space heating cost analysis for 1978, a newly constructed
suburban single detached house with 1,500 square feet of heated living area
with an electric heating baseboard system would have a heating cost -about 47%
higher than a gas heated house and about 21% higher than one using fuel oil.

If the customer desired a central air conditioning system*, an electric heat
pump would have a heating cost about 6% less than a gas system and 23% less

" than a fuel o0il system. These cost estimates are based on present PECO elec-
tric and gas rate tariffs and fuel oil at 50 cents per gallon.(45,46) Heating
system seasonal efficiencies (combustion and duct loss included} are 100% for
electric baseboard, 90% for the heat pump, 72% for gas and 63% for fuel oil.
The estimated seasonal coefficient of performance (COP) for the heat pump is
1.9%*, (47) Insulation characteristics for all heating energies are equivalent
to three inches in the floor and walls, six inches in the roof and stomm
windows and doors.

For 1988, the heating cost comparison results in the electric baseboard
system being 27% higher than gas and 17% higher than oil with the electric heat
pump 30% less than gas and 36% less than oil. These cost estimates are based
on 1978 constant dollars with no increase in the cost of electricity and an
annual increase of 1.5% for fuel oil and 2.7% for natural gas***. Heating
system seasonal efficiencies are 100% for electric baseboard, 90% for the heéat
pump, 81% for gas (up 9% from 1978) and 70% for fuel oil (up 7% from 1978).

The increases in efficiencies for gas and oil are based on DOE targets for
1980. (50) The estimated seasonal COP for the heat pump is 2.2.(47,51)-

*In 1976 and 1977, 65% of all housing development units installed central air
conditioning. (See Air Conditioning section of this forecast.)

**PECO's comparative heat pump efficiency is 171% (0.90 X 1.9). Arthur D. Little's
study assumed the following efficiencies - heat pump 167%, existing gas and oil
systems 60% and 50% respectively and for new construction 70% for gas and 60%
for oil. (48)

***For comparison, the Oak Ridge National Laboratory has prOJected residential fuel
prlces for the Middle Atlantic States (1975 $/106 Btu) to increase in the follow-
ing manner - electric 0.43%, oil 2.12% and gas 3.70%.(49)
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Based on the projected increases in heating system efficiencies and the
projected prices of heating energies, the.following constant-dollar cost
relationships were assumed based on PECO gas at an index of 100 in 1978. These
values apply to a suburban single detached new constructed house.

Electric Space Heating

PECO : Heat
Gas 0i1l Baseboard* Central Pump
1978 . 100 121 , 147 173 94
- 1988 116 - 126 147 173 81

. The above heating cost comparisons are not based on life-cycle cost
studies, they exclude the cost components of equipment, maintenance and build-
ing modifications like chimneys. An in-depth life-cycle cost study conducted
by Northeast Ut111t1es(52) concludes the following for systems installed in
1977 assuming energy prices escalate at equal rates.

The differences in the present value costs, on a life-cycle basis, of all
the systems analyzed (except solar-assisted) fall within a narrow range...each
alternative being generally competitive with the other.

The electrically heated house with standard insulation is less expensive
on a life-cycle cost basis than oil. The principal reasons are that the combina-
tion of the lower initial cost of the electric system and its higher efficiency
at the point of use outweighs the operating cost disadvantage. If fuel oil
prices. rise faster than the cost of electricity, as expected, then the
life-cycle advantage of electric systems is greater.

The electric heat pump is competitive with the electrlc basebpard system
and is lower in cost than oil.

The gas heating syétem has the lowest total life-cycle cost of all systems.
If gas costs increase faster than other energy sources, gas space heating
systems will lose their competitive position.

Solar-assisted systems have the most expensive life-cycle costs of all
systems analyzed. The solar systems would be more expensive if govermment sub-
sidies in the form of tax credits and property tax exemptions were not included
in the analysis.

The relative energy price escalation rate is a very significant variable.
The comparison of present value costs of systems under the assumption of
different energy price éescalation rates produces greater differences among them
in total cost than any other variable.

*The energy consumption for baseboard heating has been reduced about 4% to account
for energy savings available from individual room controls. Other heating systems
have been increased about 1.5% to account for furnace fan loads.

52



299a

For systems installed in 1985 assuming energy prices escalating at equal
rates, the Northeast Study concluded:

_ The electric baseboard system becomes somewhat more expensive than the oil
system, although the 25 vear total difference is very slight.

The heat pump installed in 1985 has the lowest life-cycle costs.of all
systems except gas. This results principally from the assumption that improved
equipment design will raise the heat pump seasonal COP for Connecticut from the
present 1.5 to 2.0 (a 33% improvement)¥. .

The gas hydronic system continues to have the lowest life-cycle costs.
However, the difference is much less than for 1977 1nstallat10ns when compared
to the heat pmp*#,

The solar-assisted electric system on the TOD rate becomes more competitive
than in 1977, being lower in current dollar cost than electric baseboard but
higher than the heat pump, oil, or gas systems.

The solar-assisted electric system*** bhilled on a conventional electric rate
proves to be the most expensive of all the space heating alternmatives analvzed
for 1985.

e The solar-assisted oil-fired wamm air system also proved to be a more
costly alternative than the conventional systems.

It is noted that the Northeast Study was based on equal energy price
gscalations and that this assumption is the most significant varléBle in thelr
study.

. Based on the Northeast  Study, the Fuhrman's testimony and private conversa-
tions with Pennsvlvania Power and Light personnel who are monitoring a test
solar house with seolar energy, it is PECO's conclusion that solar heated homes
will have an insignificant impact on the Philadelphia area for the term of this
ten year forecast,

*In Richard E. Fuhrman's testimony, he concluded that heat pumps in downstate
New York would achieve a seasonal COP of 2.0 by 1985.(53)

**The Northeast Utilities Study excluded hoth cil and gas warm air systems. In
the Philadelphia area, gas warm air svstems (which are more prevalent than gas
hydronic systems) would have a lower life-cycle cost.

***The solar-assisted electric system was defined as a liquid solar collection system
using 300 squarc feet of collectors, a 750 gallon storage tank, a conventional
gelectric warm air furnace, and all the associated duct work, piping, pumps, ctc.
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I. SATURATION GROWTH

Short Term (1978 to 1980)

In the short term, electric heating connections are based on an analysis
of field data supplied by the Business Services Department from personal con-
tacts with local builders and heating contractors. This data, in the form of
builder commitments, is reviewed monthly to determine customer desires and
changing trends.(54) As of August, the 1978 penetration of electric heating
connections in the new construction market was 38% compared to the year-to-date
commitments of 62%. Based on this data, the present commection penetration
forecast for 1978 is 45%, about 1%% higher than was projected last year. For
1979 and 1980, PECO fbrecasts an electric heating penetration of 42% and 43%
respectlvely The decline from the 1978 penetratlon is due to the expected
rusumptlon of suburban gas heating sales.

Long Term (1979 to 1988}

" For the long term, PECO projects an electric heating penetration in the
new construction market of 43%. Table XXVIII displays the annual electric
heating -penetration by housing category. It is noted that the historical
electric heating penetration from 1970 to 1977 was 26% and the penetration
since the o0il embargo (1974 to 1977) was 41%.

By 1988, PECO's total electric heating fbrecastlprojects a saturation of
10.9% as compared to 3% in 1977. ADL's study(48), for their base case, pro-
jects a 1990 saturation for Northeastern United States of 10% for 51ng1e family

detached units as compared to PECO's projection of 8% by year end 1988.

II. ENERGY USAGE

As indicated in the general section, the electric space heating model is
segmented geographically by housing category (single detached house, townhouse
and apartment} and by type of heating equipment (baseboard, furnace/b01ler and
heat pump).



301a

Energy usage for electrically heated new construction living units is based
on the following living areas - 1,500 square feet for single family detached
houses, 1,200 square feet for single family attached homes (townhouse) and 200
square feet for multi-family apartments. In the ADL Study, they assume 1,560
square feet for detached houses, 1,100 square feet for single family attached-
duplex units and 900 square feet for multi-family low rise garden apartments.
ADL further states that based on their assumptions, '"The average square footage
of a residential unit (weighted by the number of different units in the in-
ventory) rises from 1,196 square feet in 1970 - (compared tO PECO's estimated
1977 value of 1,120 square feet and Dr. Williams(55) 1973 national value of
1,185 square feet) - to 1,240 square feet in 1990." PECO's 1988 weighted
average is 1,130 square feet. ADL further states that "Despite this increase,
some economists feel that (ADL's) estimate of stabilization in average living
area may be conservative. We (ADL)...tested the effect of more liberal assump-
tions...(with) the average single family home built over the twenty year
. period...{of)...approximately 2,100 square feet.'" With "similar increase in

the size of other type units, the average square footage for all residential
units in 1990 would be 1,472 square feet.'" This area would be 30% larger than
PECO's 1988 projection.

Chart R-1 displays the average size of new single family homes from 1940
to 1976(48,56,57) and PECO's forecasted size for the Philadelphia area. The
historical trend is based on national data. From 1972 to 1976, both national
and Northeastern United States data is shown. All data points exclude multi-
unit projects.

PECO estimates a 1978 heat loss of 45,000 Btuh (30 Btuh per square foot)
for the single detached house reducing to 39,000 Btuh (26 Btuh per square foot)
in 1988 for a 13% reduction. For townhouses, the 1978 heat loss was estimated
at 31,000 Btuh (26 Btuh per square foot) reduced by 11.5% to 27,600 Btuh by
1988. For apartments, a 1978 heat loss was estimated at. 23,400 Btuh (26 Btuh
per square foot) reduced by 11.5% to 21,900 Btuh (23 Btuh per square foot) by
1988. These reductions are based on the assumption that greater amounts of
insulation will be used combined with more energy-efficient building designs
like less glass area. ADL's study assumed new homes built in 1990 will consume
5% less energy than in 1970 due to improved design and more efficient use of
the structure. For 1970, ADL's electric heating usage values adjusted to
Philadelphia degree days are 17,960 kWh for single detached houses compared to
PECO's 1978 estimate of 17,400 for baseboard units and 13,400 for the weighted
average of all equipment types. For attached living units, ADL assumes 11,200
kiWh/unit compared to PECO's 12,100 for baseboard units and 8,400 kWh for a
weighted average. For apartments, ADL assumes 6,450 kWh while PECO uses
weighted average of 8,300 kWh. :
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Based on seasonal heating system efficiencies of 100% for baseboard heat,
90% for warm air systems in single family houses (attached and detached) and
95% for apartments, the average heating usage for units connected in 1978 was
estimated to be 10,500 kWwh reducing to 6,700 kWh in 1988 for a reduction of
36%. Dr. Williams' study for New York City assumed a constant value of 11,500
kWh/unit.

A major factor that affected the PECO reduction was the shift to more
townhouses and apartments, and an increase in the penetration and efficiency of
heat pumps. From 1977 to 1988, the PECO forecast projects the penetration of
electrically heated living units with heat pumps to increase from 60% to 72%
with the heat pump's seasonal COP increasing from 1.8 to Z2.Z.

In the high range forecast, the 1988 total electric heating penetration
was increased to 15.1% (compared to the base forecast projection of 10.9%) -
while the low range penetration is 6.6%. Since most electric heating installa-
tions come from tEe new construction market, the total projected change of new
construction is the major factor in the range penetration projections. Also of
importance is the effect of the conversion market. For the period 1979 to

1988, the high range projects 61,600 additions compared to 7,200 units projected
for the low range and 26,600 units in the base forecast.

Kilowatthour usage values for the two ranges were developed from increased
heat pump sales which generated a 1988 average heating value of 9,150 kWh for
the high range and 9,570 kWh for the low range.
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SOCIAL FACTORS

According to The Conference Board: ''The great post-war birth-boom genera-
tion is coming of age. Qver the past three decades babies of the late Forties
and Fifties have been passing through the population structure and at each
juncture defining a unique, if brief, era, ranging from the great migration to
suburbia as the size of families expanded, to the go-go years of blue jeans, to
pop and pot, to the trauma on the campuses and the proliferation of causes
ranging from women's lib to ecology to Buddhism. In the next years there will
be a sturdy growth in the total number of families and an extraordinary growth
in the number of young families. For example, in 1985 there will be roughly 9
million more families than now (1976). Of that number, slightly more than 7.5
million will be in the 25-44 age bracket."

- "While the U.S. market is...in continous fiux, the changes in the years
ahead will be quite exceptional. In demographic terms, certainly, the difference
between past and future will be greater than in any prior era...For instance,
the age group 35-44, which was the slowest-growing segment of the market during
the past ten years, will be the most rapidly growing segment in the next ten.

The implications of all this for marketers are quite obvious. Each age
group...has its own particular needs for products and services.''(58)

The April 1978 issue of the Appliance Manufacturer makes the following
statements: ''Perhaps the most important age group for the entire (appliance)
industry is the 35 to 54 year old segment. This group will make the biggest
overall percentage gain between now and the year 2000. From about 47 million
people, it will grow to 77 million or 30% of the total U.S. population. Their
economic situation should be improving during these years. That represents
strong growth potential for the (appliance) industry because these consumers
will spend the most for all types of appliances.'

"During the growth years, (these) consumers upgradé their housing...appli-
ances also are the subject of upgrading. Larger capacities will be the better
sellers for this group in major appliances...." :

"Laundry appliances are no longer something to do without. A dishwasher
has now become more of a need. The refrigerator...will be big in both size and
features. Separate freezers become a significant convenience for this group."

"This age group also will be the biggest target for home computers...prompted
by a growing desire to spend less of their off work hours in (personal financial
management affairs)."



305a

In comments regarding single individual households, the Appliance Manu-
facturer study says, ''Single individuals represent.a growing market for appli-
ances...they will spend more for comfort appliances.' The study notes that it
is these households which, "...will be good prospects for fast cooking appliances,
dishwashers, disposals and hot water dispensers.' ({59}

In the ADL study, they state: "It is impossible to quantify the life-
style changes taking place in our society...one must conclude that society is
changing, that it .is becoming more leisure-oriented...(and)...will lead the
growing middle and upper middle classes to purchase houses the same size as at
present or even smaller houses albeit with more labor-saving devices and com-

forts."

"Over the past few decades, the increasing affluence of the American
consumer has led to increased penetration of major appliances...and a prolif-
eration of minor convenience items.''(48) :

The March 1978 issue of Appliance Manufacturer quotes the Department of
Commerce's U.S. Industrial Qutlook for 1978 as seeing a favorable market for
appliances into 1987 based on the Iikelihood of large increases in consumer
spending for durable products, especially home furnishings. New household
formations in the next few years are expected to bolster the market for appli-
ances, with the number of new households expected to increase much faster than
the total population. (60)

From the April 1978 issue of Appliance Manufacturer, according to the
Department of Commerce, family income will almost double between 1975 and 1990
and more than 60% of all households will have an annual income (in constant
dollars) in excess of $15,000 by 1990 compared to less than 30% of the house-

holds in 1975.

Based on these facts, Appliance Manufacturer makes the following state-
ments: '"For appliance makers, the overall income picture means that people can
" buy appliances and more of them in the future."

'""So as consumers upgrade housing, they will upgrade appliances, specificall§
kitchen appliances. Upgraded housing, especially when it is new construction,
will have more comfort products, such as central air conditioning and central

humidifiers."

"A couple of years ago there were predictions of smaller, no-frill homes
as one answer to the cost spiral. But it hasn't happened; average home size
has been increasing and more luxury features have gone in, features like
fireplaces and central air conditioning.''(59)

In light of the prevailing opinions that demand will increase, PECO has
been experimenting with econometric models to project saturation curves for
appliances. Efforts to date have not produced output which is considered
reliable, but the preliminary model for central and room air conditioners
provided input to the preparation of the air conditioning forecast.
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In the development of the PECO forecast, the appliance efficiency targets,
as adopted by the Department of Energy, have been utilized in the base fore-
cast, However, it is important to realize that these DOE targets are just what
the title calls them - '"targets. The Department of Energy states, 'The targets
for products...l through 10...are required...to be designed so that, if met*,
the aggregate energy efficiency of all such products which are manufactured in
1980 will exceed the aggregate energy efficiency of all such products manu-
factured in 1972 by the maximm percentage improvement which DOE determines to
be economically and technologically feasible, but which in any case is not less
than 20 percent.{6l) Basedon the actual appliance efficiency targets, as
established by the DOE, the aggregate improvement of all individual targets,
if met, is 28% - eight percent greater than DOE's minimm standard.

It is important to realize, that according to the Energy Policy and Con-
servation Act, ",..the appliance program is responsible for encouraging manu-
facturers to produce, and consumers to purchase, significantly more efficient
appliances by 1980. The Act isets forth two interrelated strategies for accomplish-
ing this objective. The first is to establish voluntary efficiency improvement
targets...the second strategy entails development of a labeling program to
require that manufacturers label each product with energy information to allow
consumer comparisons...intended to encourage comparison shopping and to enhance -
consumer demand for the more efficient products."({61)

The question is, what will be the real affect of these govermment goals?

In 1974, at the peak of the energy crisis, Aeronutronic Ford introduced
its Philco brand Cold Guard high efficiency refrigerator. This refrigerator
exceeded the preliminary guidelines established by the Federal Energy Adminis-
tration. By 1976, when prices were increased to offset the increased cost of
the unit, sales decreased and' the Cold Guard was taken off the market. (62)

Infodyne Systems Corporation, under contract to the FEA, has prepared a
preliminary report of its, '""Economic Impact Study of the Appliance Efficiency
Program'', that states, 'Unfortunately, awareness of thé energy crisis has not
radically changed consumer life styles or the ways they buy and use appliances.
The public has not been sold on the benefits of life-cycle costs.''(63)

Appliance Manufacturer, in March 1977, remarks, "Consumers have not
demanded more efficient appliances. In fact, what little evidence exists,
indicates the opposite." Regarding consumer acceptance the article says, "It
often appears that govermment is trying to force more efficient use by making
sure there are fewer use options. The last time this was tried in an overt
way, it failed.' This statement was made in reference to the mandatory wearing
of seat belts in cars before automobile engines could be started. The article
continues, ""If consumers were'willing to reject a program designed to save
lives, how can we assume they!1ll accept one created to save energy?'(64)

*Underlining emphasis added by PECO.

L}
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In ADL's study, they comment that, '‘Builders and the occupant tend to be
far more sensitive to first costs than to operating costs, and thus resist
making investments in energy-saving devices and materials, regardless of the
future benefits of these investments.'' ADL further states, ''The consensus of
the (appliance) industry is that the consumer will accept an energy-saving
device with a one-year payback and might accept one with a two-year payback.
Longer payback periods are not attractive under current market conditions.”

Based on these conditions, ADL's forecast includes the foliowing state-
ment: 'Under these circumstances, we have estimated that the economic ad-
vantages offered by energy conservation will be accepted slowly, if at ail.
Thus, even energy conservation measures that offer pavback periods as short as
one year will be implemented by only 15% of residential energy consumers.''(48)

In spite of these uncertainties in what will happen in the market place,
PECO's forecast assumes that all the DOE targets will be met by 1980.

APPLIANCE LIFE SPANS

In determining the effect of increased appliance efficiencies on the PECO
forecast, three market segments were considered. These markets are the new
construction market, the appliance addition market and the replacement market.
In the ten year forecast, the appliance life span does not affect either the
new construction or the addition markets; however, it does affect the replace-
ment market.

In the replacement market, the PECO mcdel assumes that working appliances
will not be removed from the system solely for the purpose of installing a more
efficient appliance.

The following table summarizes aﬁpliance life spans used by the PECO
model. In general, these values were the approximate average of the studies
that are referenced.

PECO
_ Life Spans
liance {Years) References

Refrigerator i5 48, 55, 64, 65, 68
Freezer 20 48, 55, 64, 65, 68
Electric Range 15 48, 55, 64, 65, 68
Electric Drver 13 48, 55, 64, 65, 68
Automatic Washer 12 48, 55, 64, 65, 68
Dishwasher 12 48, 55, 64, 65, 63
Water Heater 20 48, 55, 64

B/W TV 12 48, 55, 64, 65, 68
Color TV 12 48, 55, 64, 65, 68
Room Air Conditioner 10-13 §3, 55, 66, 67, 69, 70
Central Air Conditioning 15 55, 66, 67
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In some instances, notably the 'optional use appliances'’, such as electric
dryers, dishwashers, televisions, room and central air conditiomers and de-
humidifiers, the future life spans may be longer than past studies have assumed.
This caution is based on several interrelated factors such as:

1.

With the conservation movement, consumers reduced their usage of the

. "'opticnal use appliances''. If an appliance usage is decreased, its

life span should increase. This has been preliminarily documented
for room coolers in the Philadelphia area. -

If thermostatic settings on refrigerators and central air condition-
ers have been turned up (less cooling required), both of these appli-
ances could last somewhat longer than past records indicate. Also,
with less children and more working wives, the refrigerator's use
could be further reduced.

For appliances like televisions and room coolers, where multi-unit
ownership is a reality, the additional units decrease the -average use
of the total units in a household. (55)

If new appliances like clothes washers and dishwashers use less hot
water, and if the temperature settings are reduced, water heater life
spans may be longer. Also, smaller families may require less hot
water which could also extend the useful life span.

Finally, consumers lare increasingly more ''consumer wise'' in the
buying of appliances.(59) This astute awareness may cause manu-
facturers to build (in more quality resultlng in a longer appliance
life span.(71) .

Additional research is required in this area to insure that future energy
sales are not incorrectly estimated due to the useful lives of appliances being
either too short or too long.
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APPLIANCE USAGE

The general equation for calculating energy usage for appliances is:

kiWh, = KWh . - (UR X KWh/UR ) + (URP X kWh/URP ) + (AU X KWh/AU)

where kiwhp = Forecasted Year's kWh Sales
kWhp-1 = Prior Year's Forecasted kWh Sales
UR = Units Removed
kWh/UR = kiWh per Removed Unit
URP = Units Replaced
KWh/URP = kWh per Replaced Unit
AU = Additional Units Sold
kWh/AU = XWh per Additional Unit
UR, = URP ;o + AU ;g where LS = Appliance Life Span

Removal Units and Energy Usage

At present, no material effort has been made to determine the failure
distribution of residential appliances. It is believed that appliances follow
a notmal life-mortality type curve as exhibited by the 'Bathtub Curve.(71),

Phase I Phase II ' Phase III

Failure - Rate
Function

Time

It can be properly assumed that early (burn in) failures in Phase 1 of the
curve are repaired or replaced under appliance manufacturers' warranties and

that Phase IT failures are small compared to the wear out failures of Phase III.
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In Dr. Williams' study' of energy usage of New York City, the Werbull .
distribution was utilized tO determine Phase IIT failures of individual appli-
ances, For this distributién, Dr. Williams stated, "In the absence of data we
assumed a standard deviation of approximately one- thlrd the mean life'. (55)
Until more research is completed, PECO believes that the discrete integer life
span method utlllzed in its model has provided adequate results.

The energy usage of the removal units for the Philadelphia area is normally
not available. In its absence, national values have been determined and
assumed to be equal to local energy values. For the detailed method of how
this value is calculated, réfer to the Energy Calculation Section of each
appliance.

Replacement Units and Energy Usage

The PECO model assumes that when appliances wear out they are replaced
with new units having the energy consumption values of new additional units
sold, and are therefore at the efficiency level projected to be reached in the
Ieplacement year. In general this will be at a higher efficiency level than
that of the unit replaced.

New Additional Units and Energy

The total number of units added each year is computed by adding the mumber
of units needed to account for the increased saturation as described by the
change in residential living units on line, the projected new construction
market, short term economic conditions and changing population patterns of age
cohorts. The energy usage value is calculated based on the changing size and
configuration and projected energy efficiency targets established by the De-
partment of Energy.(50,61,72,73) For detailed energy calculations refer to
the Energy Usage Section for each appliance. .
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AIR .CONDITIONING

Air conditioning is segmented into two options: first, central plant
(whole house) air conditioning and secondly, room coolers (windows/through the
wall) air conditioning. Generally, a household will not select both options.
However, both the 1976 and 1977 PECO Appliance Survevs indicate that 5% of
individually metered central air conditioning customers, representing about
8,000 central plant customers, do in fact also have at least one room cool-
er.(74,75) It is believed that the purpose of the multiple ownership is to
reduce energy usage during periods when whole house cooling is deemed not
necessary by the household occupants. Future surveys should monitor this
abnormality to determine if a new trend is occurring. The significance of a
growing trend may well increase the connected air conditioning lcad while
decreasing the energy usage and load factor. The effect on peak demand is
questionable, due to the fact that when peak cooling days occur the usage
factor of the available cooling equipment is unknown. For Forecasting purposes,
it is assumed that joint ownership will be minimal. '

To determine the ultimate potential market for air conditioning, it was
necessary to develop a means to compare room cooler saturation to central plant
saturation. Local surveys of air conditioning dealers indicate the average
size of a central air conditioner sold during the period 1971 to 1977 had a
range between 30,000 Btu/hour and 35,000 Btu/hour.(76) Most national studies
assume an average size of 36,000 Btu/hour*. For the period 1970 to 1977, the
local dealer surveys also indicated an average room cooler size with a range »>f
8,600 Btu/hour to 10,500 Btu/hour. Based on an average room cooler size of
9,600 Btu/hour** and an average central plant size of 32,500 Btu/hour, it .would
require the cooling capacity of 3.4 room coolers to equal one central plant- air
conditioner.

Using local PECO customer survey data, it was also determined that custo-
mers without central air conditioning indicated that 3.20 room coolers per
single family household and 2.22 room coolers per apartment household were
required for full cooling.(80,81) For 1988, based on the mix of houses and
apartments, the weighted average is 3 room coolers per household.

*The SRI Study assumed a national average of 36,000 Btu/hour.(77) The Williams
Report for New York City stated an average of 36,000 Btu/hour for single family
dwellings (55}, which was indicated to be consistent with the Lawrence Berkelev
Laboratory's Appliance Study.

**The SRI Study assumed an approximate average of 12,000 Btu/hour for 1969. The
EEI 1977 Guide indicates an approximate value of 7,000 Btu/hour.(73) Dr. Williams,
using Lawrence Berkeley Laboratory data, estimated an average cooling capacity
figure of 9,000 Btu/hour. A PECO calculated value based on data from Merchandis-
ing indicated a national value of 1977 for approximately 11,000 Btu/hour.(79)
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To determlne the ultimate saturation of households with air conditioning,
customer surveys were conducted to ascertain the percentage of customers who
Tnever wanted air conditioning. In 1972, 21.5% indicated a negative preference
towards air conditioning.(80) In 1973, two surveys were conducted which
indicated 23.3% and 22.6% of the responding households had a negative pref-
erence. (81) The average of these three surveys (all conducted prior to the oil
embargo) was 22.5%. In PECO’s 1978 Conservation Survey, the negative pref-
erence declined to 18.7%.(82) In other words, the preference for air condition-
ing (the potential ultimate saturation) has grown from 77.5% in 1973 to 81.3%
in 1978 for a five year gain of 3.8%. The PECO fbrecast projects a 1988
saturation of 65% and a 1998 saturation of 70%, 15% and 10% less than the
ultimate potentlal of 80%.

Chart' R-2 graphically displays the historical and projected growth of air
conditioning.

To develop an energy forecast, the total air conditioning saturation was
segmented into room ceoolers and central plant units with their associated
EER's*, BTU sizings and full load operating hours. The following sections deal
with each air conditioning category.

ROGM COOLERS (RATES R AND RH)
I. SATURATION GROWTH** .

According to U.S. Censu$ data, room cooler saturation for the Philadelphia
area grew rapidly from 10.6% in 1960 to 29.9% in 1970.(29,90) In the PECO end
use model it appears that room cooler saturation peaked in 1974 at 33.5% and
declined to 30.6% in 1977. The model further projects that the room cooler
saturation will not exceed the 31% level until 1982 and will only reach the
34.7% level by 1988 which is only one percent over the 1974 level.

The PECO end use model utilizes ammual dealer sales data obtained from the
Electrical Association of Philadelphia. (83) It calculated the replacement
market, for units replaced prior to 1578, using an average life span of 10
years. For units replaced after 1977, the average life span was increased from
11 years to 13 years. This life span is questionable since there is a minimal
amount of information available to support any assumption. Private discussion
with Carrier Corporation indicates a life span of 9 years.(67) Dr. Williams'
New York City forecast uses a 12 vear life while information from a DRI study
for Duquesne Light Company based on data taken from the FEA indicates a 15 year

life span. (66)

*Energy Efficiency Ratio = Btu/Hour 5 Total Wattage
#*Based on 3 Room Coolers/Household
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With decreasing usage (a full discussion regarding this aspect may be
found in-the Energy Usage Section), it should be expected that the life span of
room coolers may be significantly longer than the PECO model utilizes. With a
longer life span, the PECO model would project a higher near term saturation.
This increasing saturation may in fact be true since the last two air condition-
ing surveys actually reported an increasing room cooler saturation.

January 1976 Survey reports 29.8% (PECO model projects 32.5%)
Fall 1976 Survey reports 30.6% (PECO model projects 31.3%)
Fall 1977 Survey reports 32.2% (PECO model projects 30. 6%)

This year, to support the end use model, PECO has developed a new econometric
model to forecast air conditioning saturations. For all markets, the econometric
model (84) preliminarily projects a 31.4% saturation for 1983 (the last year
projected) as compared to our end use model's projection of 30.9%.

As a comparison to other forecasts, Dr. Williams projects a New York City
household saturation growth from 53% in 1970 to 82% in 1975 to 92% in 1988.
Based on the three room cooler concept, the saturation growth would be 27.3% in
1975 as compared to 30.7% in 1988 for a growth of 3.4% as compared to PECO's
forecasted growth of 2.2%.

The ADL study projects a household saturation growth, for the Northeastern
United States, from 27% in 1970 to 33% in 1990. This projection is based on
households with at least one room cooler. Of importance is the doubling of the
household saturation. On a national basis, ADL projects a saturation growth,
{based on the three room cooler concept) from 13% in 1970 to 21.0% in 1990 for
a 8% growth. PECO's growth for the same period is only 5%.

For the PECO high range, a room cooler saturation of 41% is projected for
1988 compared to 31% for tﬁe low range and 35% for the base forecast.
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IT. ENERGY USAGE

To calculate air conditioning usage, three basic factors are required;
cooling capacity (Btu/hour), hours of use and the Energy Efficiency Ratio (EER).
The PECO model has been supplied with historical data obtained from various
company and industry sources. '

Since 1970, surveys of local air conditioning distributors have produced
annual sales statistics on unit sales, unit sizes and EER ratings. The weighted
average cooling capacity for the survey respondents was 9,475 Btu/hour which is
about 1.4% less than the estimated average of all room coolers on line in
1977.(85) The PECO model projects the average size for units on line to continue
to decrease to 9,550 Btu/hour level by 1988. From 1970 to 1972, the EER ratings
decreased from 6.47 to 6.24*. From 1972 to 1977, the EER ratings increased to
6.84. The PECO model projects this trend to continue to an EER rating of 8.4
in 1988 as compared to DOE's EER target of 7.94.

The final aspect is the hourly use component. Based on a load study
for the summer of 1971, Baltimore Gas and Electric calculatéd an annual usage
factor of 310 hours of full load operation.(86) Dr. Williams, using 1972 data
from PSEGG, developed for New York City an estimated annual usage of 330 hours.
Using additional data from the Whirlpool Corporation and AHAM, Dr. Williams
-also calculated an annual operating usage of 348 hours.

In the last few years, the usage of air conditioning has declined due to
the increasing efforts of customers to decrease their energy consumption. As
early as 1973, PECO's surveys indicated that customers were curtailing their
air conditioning usage. This conservation trend has steadily increased as more
customers realize that the energy crisis is real. In PECC’'s 1876 and 1877 air
conditioning surveys, respondents indicated that one-seventh of all the room
coolers on line were never used during these two cooling seasons.

In an attempt to quantify this changing customer habit, the results of
three PECO studies were compared. A PECO air conditioning study conducted for
the summer of 1972 indicated an average room cooler usage of 308 kWh/unit. (87)
A similar study conducted for the summer of 1973** indicated an average of 381
kWwh. (88) Another PECO study conducted on load data gathered for the summers
of 1975 and 1976 indicated an average usage of 143 kWh/unit. (89) Since all
three studies were bill analysis type studies and not true load studies, the -
above usage values may tend to underestimate actual cooling loads; therefore
the absolute values were not used. Of value, however, is the net change from
the 1972-1973 period to the 1975-1976 period. This change represents about a
50% decline in the use of room coolers. For 1977, the PECO forecast model uses
200 full load operating hours per room cocler, which is about 40% less than
Dr. Williams' 1972 value and 35% less than Baltimore Cas and Electric's 1971
value. :

*For comparison, the DOE's 1972 EER base point is 6.2.
**The summer of 1973 was the hottest summer on record and weather correction
factors may not have been sufficient to adequately adjust the usage data to

normal weather conditions. §
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By 1988, the model further reduces the hourly usage to 150 full load
hours. This reduction accounts for the greater use of insulation in both the
.existing market and the new construction market and the greater number of
multiple room coolers*.

With all factors considered, the PECO model forecasts the average room
cooler usage to decrease from 293 kWh/unit in 1977 to 181 kWh/unit in 1988 for
a 38% reduction per unit.

_ For the high range, |PECO projects for 1988 a per unit usage value of
259 kih compafé% to 156 KWh/unit for the low range.

CENTRAL PLANT (RATES R AND RH)
I. SATURATION GROWTH

According to U.S. Census data** for the Philadelphia area, the saturation
of central air conditioning grew from 1.1% in 1960 to 7.5% in 1970.(29,90)
PECO's 1977 survey indicated a total household saturation (including SPM apart-
ments) of 15.2%, more than double the 1970 Census figure. Unlike room coolers,
the saturation growth of central air conditioning has continued to increase.
This is due to two factors; the replacement market is much smaller, and there
was a major impact from the new construction market, which has a majority of
its units cooled centrally. Both the 1976 and 1977 new construction surveys
(for individually metered’ living units) indicated that 65% of the new con-
struction development market was built with central air conditioning installed.
In the apartment and townhouse market, 75% were commected with central plant
units. (91,92) All factors indicate that this trend will continue into the
future -and as the apartment and townhouse segments of the new construction
market grow, the total saturation figure will climb even higher.

For the forecast period ending in 1988, the PECO end use model projects
about 132,000 additional ¢entral plant air conditioners in the new construction
market. This calculation is based on the application of the saturation rates
indicated.on Table R-I.

In the existing market where less data is available, PECO projects an
averagé of 8,000 annual additions. Of this number, about 25% are conversion
heat pumps. Respondents in the 1977 PECO Appliance Survey indicated that about
12,000 central air conditioners would be added to the existing market in 1978.

*Further study is necessary tc isolate the actual usage of multiple cwned room
coolers; however, it is believed that as a household adds additional room coolers,
the usage per unit decreases.(55)

**This includes single point metered apartments which have a higher saturation of
central plant air conditicning than individually metered customers.
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By 1988, the PECO end use model projects a central air conditioning satura-
tion of 30%. The ADL study projects a 1990 saturation of 28% for Northeastern
United States as compared to 4% for 1970 (PECO’'s 1970 saturation was 7.5%).

The two independent projections appear to support each other.

Another method used to project PECO's central air conditioning saturation
was a newly developed econometric: saturation model. This model, coupled with
the utilization of the Gompertz curve, projected a saturation of 30.2% for 1988
compared to 29.5% in PECO's end use model. The forecasted variables for the
econometric model were generally obtained from WEFA's Philadelphia regional

model.

For the high ran%e, PECO's end use model projects a 33% saturation for
1988 compared to Z2Z% for the low range.

II. ENERGY USAGE

As with room coolers, three basic factors are required to calculate the
energy usage of central air conditioning; cooling capacity, hours of use and
the energy efficiency ratio (EER). Again, the PECO model has been supplied
with historical data obtained from various company and industry sources.

Since 1971, surveys of local central air conditioning distributors have
produced annual sales statistics on unit sales, unit size and EER ratings. The
weighted average cooling capacity' for the survey respondents was 32,700 Btuh
whicih is about 3% less than the estimated average of all central air conditioners
on line in 1977.(76) The PECO model, which calculates the average size of new
units coming on line (see Table R- II) projects a declining size to the point
that the average unit on line in 1988 will be 31,400 Btuh, 7% less than the

average unit on line in 1977.

From 1972 to 1975, the EER ratings for the distributors' surveys decreased
from 7.05* to 6.88. By 1977, the EER increased to 7.22. The PECO model pro-
jects this increasing trend to contihue to an EER rating of 8.5 in 1988 as
compared to DOE's EER target of 8.1 for a split system central air conditioner.

The last variable is the hourly use element. From local studies of five
similar utrilities**, conducted from 1963 to 1973, the range of usage {adjusted
to normal PECO weather) varied from 210 hours to 800 hours per unit. In ADL's
study, they estimate 300 full load hours for Northeastern United States and 500
hours for North Central United States. Dr. Williams' forecast for New York City
estimates a seasonal use of 600 hours. On the high side is ASHRAE's estimate
of 1,000 hours for the Southeastern Pennsylvania area. (98,99}

*For comparison, the DOE's 1872 EER base point is 6.6.
**Actual metered usage of central a1r conditioning equipment. (93,94,95,96,97)

72



FHILALELFH1A ELECTRIC COMFAHY SYSTER

CENTFﬁL

PLANT - RESIDENTIAL ~ ALL RATES
1 LI  REFLACEHENT MARKET | *REPLACEHENTSE ADDITIONG i AW ERAMDGEL i I
t TOYAL TOTAL  LIi——————mm e [ et B i e e e e e - — o) AL |
1 C/F RESID FI £/f AVG AVG AVG | C/P AVG | ,XP AYG AVG  AVG 1L FF FER CEMIRAL FLARTIVE (/F RESD AP i
YR SALES SALES EIUNITS Wil EER KM | % UNITS KW 1UMITS MBTU EER KW Jon LH Hil BTU EER W TURITS L., FENE YRI
I == s — e Lt e e e e I i e |=—mmmm s e e me———
155 Q.7 0.7 15 0.6 0 (.00 0.00199 0.0 0.001 0.7 34.0 7.00 S.1419 7.4 F6000 7.00 05 PR LG
156 z KPS §7 0.0 Q0 0.00 0.00199 0.0 0.001° 2.2 34.0 7.00 5.14) 1409 36000 7,00 S Ya2.0
157 2 0.0 0 0.00 0.00199 0.0 0.001 2.2 34.0 7.00 5.141 246,72 35000 7 .00 5 G0
A1) ! 0.0 0 0.00 0.00199 0.0 0.001 1.4 36.0 7.00 5.14) 35.5 aé)OO 7.00 5 G0
159 2 0.0 0 0,00 0.00199 0.0 0.001 2.4 34.0 7.00 5,14l 7.00 ¢ Lot o
L&D 2 0.0 36000 V.00 S.14(99 0.0 S.141 2.8 36.0 7.00 5.14| 700 5 12Ut
1a1 3 0.0 358000 7.00 5.14199 0.0 S.141 3.2 360 7.00 5.141 0 7.00 5 1041 .4
162 4 0.0 34000 7.00 S5.14199 0.0 S.141 4.0 356.0 7.00 S.141 Q2.4 FH000 7.00 5 1Han._7
143 4 0.0 36000 7.00 5.14199 0.0 5,141 4.4 34.0 7,00 S.141 L1A.7 Fa000  7.00 5 1076.0
144 ] 0.0 35000 7.00 5.1419% 0.0 5141 5.9 34.0 7.00 5.141 PA1.7 33000 7.00 5 loda. s &
145 ? 0.0 36000 7.00 5.14199% 0.0 5.141 v.0 34,0 7.00 S.141 LEBG.O 33000 72000 5 Li01.5 2 a5
L&éd 11 G.1 34000 7.00 5.14199 0.1 G.141 36.0 7,00 S.141 IFL.4 36000 700 5 1.0 K
167 11 0.2 38000 7.00 S5.1419% 0.2 5.22) 36,0 &.90 S0 2HYLN 34 uﬁu I LIG?. 0 dhY
158 11 0.4 34000 7.00 5.14199 G.4 5291 35.0 4.80 S.151 EE D 2 6.9 G LIGa .0 =i
169 15 0.7 36000 7.G0 5.14i97 0.7 5.371 4.0 &H.70 5071 4079 (A
173 18 1.1 34000 7.00 S5.14199 1.1 5,411 3.0 &80 5.031 371 s.06 5 Fid
17 14 1.6 34000 7.00 5.1419% 1.4 5.41) 2B &.46 4.92] 57601 H.13 L 3 R
172 22 1.7 34000 7.00 S.1419% 1.9 5.111 -0 G4.4 7,00 A u8l HEY.G [ IR ) L d 20
173 26, 2 2.0 38000 7.00 S5.1419% 2.0 G.14ad 2.5 7,00 4,541 Falad Jag buHY IS Ty K 1 730
I74 20 20, b 2.3 36000 7.00 5.1419% 2.3 G201 29.4 6.92 4,051 K n.d) 4.3 10201 -
175 12,0 12,0 151 2.8 34000 7.00 5.14]9% 2.7 5.23) 31.7 4.8B0 4.411 SGoBB 4. Qv e
1760 13,0 13,0 1651 3.4 33000 7.00 5.14199 3.3 a.951 32,0 7.28 4,401 6-91 S 2 BRIV BV
177 14,7 15.7 131 4.0 34000 7.00 5_.1419y 4.0 4.9v1 ALL2 LW AL44¢ LRI I T /
P78 1925 1705 151 5.1 34000 7.00 5.14199 D0 4,801 3.7 7,50 4.23) L.l oa.a11
179 2206 D004 151 4.7 386000 7.00 S.14199 6.4 446210 SO0 Y080 3,87 I M| 1
PBO 240 24.80 151 0.5 BA000  4.9% S_1519Y 0.5 4.501 29,0 8,00 3,531 AL
t81 30,0 30,0 151 LO.L B6NB8Y 4.95 S.1819%Y  10.6 A4.43| Y S.Lul 2 A.00E oy Ly ¢
PO 3302 33,2 191 11.3 35511 4.88 516199 11.0 4.331 20 3.0 o G.4a0] Bl
b3 35,60 3504 100 1207 3Au47 4.7% S5.1309% 17.5 4,20 I DI JC ISP a0 / 3
Tha 3805 38,4 151 14,7 34150 &.7% S.0B199  l4.4 4.111 3.a%1 A80.8 b4l 300 FARE U RUVE IR C TR IR
TG 3%, Jelv 151 1701 3BYLY 46073 502199 16.9 4.051 A.A7L Batuy 1auuLl 1010 2008 ALl e i
bUs  4L.3 475 15 LY.S 33601 4.81 4.93199  19.3 4.00] 3.44) 3B4.7 155101 VY .09 40031 Bwsl] 2o
167 42,2 42,70 151 21.4 33294 4.91 4.0119% o21.2 J.741 2.0 33031 ALY 160%.8 Ee P ARG Y I Y A Vo
PBE - 37.3 37.3 191 Z1.5 32645 5.95 4.4919%  24.3 3.84) 18,0 29.0  #.390 3.4L1 4250 148&60.0 $131% .04 S.90) A3 l’wd.l P A |
; ' o
¥ REFLACEMEM] DTUAUNITY 15 [HE SAME AS REFLACLHEAT MARKET 17U Uil 1. EE
* REELACENENT LERZNLT 1S THE SaME A5 ARDITIONG EER/UMT L. &0
~ Table R-II R & F Dept.
w

Auguat 1978



74

320a

As with room coolers, the use of central air conditioning has declined
especially since the oil embargo of late 1973 and 1974, For the summer of
1975, PECO conducted a bill analysis study (100,101) of suburban central air
conditioning customers. This study determined an average cooling use of 2,645
kWh, Assuming an average sige of 34,000 Btu/hour and an EER of 6.9*, the
resultant hours of use equaled 540 hours, which is slightly higher than the
average of the above noted utility load studies and the ADL's projected use for
the North Central States. For the cooling season of 1976, PECO, in conjunction
with EPRI, conducted a load study of ten heat pump customers. Their cooling
use averaged 2,100 kWh with an annual usage factor of 320 hours.(47) Another
PECO study, conducted on twenty-five residential customers for the summer of
1976, indicated an average energy usage of 1,160 kWh/unit with an hourly usage
of only 230 hours/season. (89)

Based on the above data; the PECO model projects the energy consumption
using 450 hours per year per unit. This value is kept constant throughout the
forecast period. '

. All factors considered, PECO estimates its normalized usage for 1977 as
2,187 kWh decreasing to 1,754 kWh/year by 1988. For comparison, PECO's estimated
energy usage for new central plant additions in 1980 and 1588 is 1,635 kiWh and
1,535 kWh respectively. Dr. Williams' forecast for New York City, for units
sold after 1979, is 1,550 kwh. : :

For the high range forecast for 1988, central air conditioning usage is
projected to be 1,975 kWh/unit compared to 1,500 KWh/unit for the low range.

*Obtained from PECO's air conditioning model.
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I. SATURATION GROWTH

It is accepted that virtually all households have at least one refrigera-
tor.(102) Regarding the ownership of the second refrigerator, no definitive
data is presently available to determine its historical growth pattern. Neither
the 1960 or 1970 U.S. Census sought data on refrigerator ownership. A 1972
study conducted by Stanford Research Institute indicated a total national
saturation for 1960 of 87% growing to 96% by 1968.(77) .PECO's sales records,
as reported in Merchandising, indicates the growth of households with electric
refrigerators grew from 88% in 1959 to the 99% level by 1967.(103) (See Chart
R-3). It is not known how many of these households already had a second refrigera-
tor; however, D, Williams states in his analysis that according to, ...''dis-
cussions with several utility people...many of the second refrigerators resulted
from the purchase of a frost-free model and the retention of the old but still
functioning manual defrost model".(55) Since frost-free models were first
introduced in the early 1960's, it can be assumed that the total saturation
(i.e. the mmber of refrigerators per 100 households) is greater than that
shown by Chart R-3.

From 1968 to 1975, the Electrical Association of Philadelphia reports
refrigerator sales for the five county area of 810,000 units.(83) Assuming a
constant life span of fifteen years, the replacement market for the same period
is estimated at 560,000 units (the number of refrigerators sold from 1953 to
1960) resulting in an increased ownership of a quarter of a millicn units. The
calculated saturation for year-end 1975 is 112.5%. Customer data is taken from
PECO annual reports. (104,105) '

(December 1967 Customers X 1967 Refrig. Sat.) + Refrig. Sales Net Gain
December 1975 Customers

(1,021,200 X 99%) + 250,000 = 112.5%
1,121,000

- In January 1976, PECO's income versus usage study indicated a refrigerator
saturation of 112.4%(106}, which verifies the above ''calculated saturation'.
The September 1976 PECO appliance survey indicated a saturation of 115%(74) and
the September 1977 appliance survey indicated a continued growth to 117.3%.(75)

Using the forecasting methodology of Dr. Williams, the annual compound
growth factor from 1967's 99% to 1975's 112.4% was 1.6%. Applying this growth
factor from 1975 to 1988, results in a forecasted year-end saturation of 116%
for 1977 and 138% for 1988. With the increasing number of apartments that are
projected to be comnected* and with the decreasing family size, it was believed
that this projection was too high and was therefore reduced to 130%; which is
equal to an annual compound growth of 1.1% as compared to the historical growt
of 1.6%. :

*Multiple refrigerator ownership for apartments in the 1977 Appliance Survev was
determined to be 4.4% compared to 19.8% for single and row homes.
75
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ELECTRIC REFRIGERATORS
SATURATION GROWTH
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A second method used to determine the suitableness of the 1988 projection
of 130% was to compare the required saturation growths of the second refrigerator
for each type of living unit, i.e. apartments versus houses. The current fore-
cast projects the apartment market to increase to about 21% by 1988 with the
remaining 79% being town or single homes. Should the saturation of two refrigera-
tors in apartments increase to 7% from the existing 4.4% and the multiple
‘saturation for houses increase to 36% from its existing saturation of 20%, a
“total weighted saturation of 130%* would result. These assumptions seem reasonable
when compared to the historically calculated growth seen in the last ten years
and especially the measured growth of the last two years.

A third method to check the validity of PECO's 1988 projection 1is to
compare our future estimations to existing saturations of nearby utilities and
utilities with-similar metropolitan service areas. The following is a compila-’
tion of refrigerator saturations as reported by each respective utility.

Refrigerator Saturation by Housing Type
Comparison of Utility Surveys

- C : Total Apartment Single § Row
Utility Saturation Saturation Home Saturation
Public Service E § G, 1976(107) 134% 127% 139%
Pennsylvania Power § Light, 1975(108) 124% ©114% 127%
Baltimore G § E, 1976(1092) 121% 104% 125%
Detroit Edison, 1976(110) 119% 103% 1233
Consumer Power, 1975(111} 116% 112% 117%
Composite 1974 Total for Pacific G § E, 116% Duplex 120%
Southern California Edison and San N/A 104% Multiple

Diego G & E(55) Apts.

*Saturation calculation for 1988:

291,800 Refrigerators in Apartment Market
1,395,300 Refrigerators in House Market

|3

21% X 1,298,700 X 1.07
79% X 1,298,700 X 1.36
1,687,100 + 1,298,700 = 130%

For the high range, PECO projects a 1938 saturation of 133% compared to
122% for the low range and 130% for the base forecast.
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IT. REFRIGERATOR (HARACTERISTICS - HISTORY AND FUTURE PROJECTION

Insufficient local data exists on the size (refrigerated volume) or con-
figurations of refrigerator sales. The PECO model therefore assumes that

"national refrigerator characteristics can be used for the PECO service area.

Historically, the refrigerator was introduced in the early 1920's. Over
the years its size has continued to grow, as indicated by Chart R-4, from 99.6%
of those units sold in 1937 being less than % cu.ft., to 1977 when 40% of the
units sold were 18 cu.ft. or larger. (103)

Chart R-5 represents the historic growth for the average cubic foot of new
refrigerators sold for 1950 to 1977. To verify PECO's calculation, the 1970
value was compared to the Arthur D. Little study(48) and the Oak Ridge National
Laboratory 1977 Refrigerator Study. (112) PECO's 1970 calculated value is 15.2
cu.ft. compared to the ADL value of 14 cu.ft. and the Oak Ridge value of 15.2
cu.ft. For 1960, PECO's value is 12.4 cu.ft. compared to Oak Ridge 12.5 cu.ft.
PECO's projections to 1988 are based on an increase of one-eighth cu.ft. per
¥ear‘as compared to the one-sixth cu.ft. projection of the ADL refrigerator

orecast.

Chart R-5 represents PECO's calculated average volume for the total number
of refrigerators on line from 1965 to 1977 and PECO's projection to 1988. As a
point of interest, PECO's calculated value of 13.5 cu.ft. for 1970 is compared
to the ADL calculated value of 13 cu.ft. and the ORNL calculated value of 13. 5
cu. ft.

In addition to the increasing volume, the refrigerator configuration has
also changed from the simple small single door manual defrost unit to the two
door frost-free combination refrigerator/freezer; some of which are side by
side models with automatic ice and ice water dispensers. Chart R-6 graphically
displays these changes.

As these changes occur, the energy consumption has continued to increase
to the point where current deluxe conventional side by side models used more
than half of the total average customer's usage in the mid-1960's.

. Charts R-5 and R-6 extrapolate historic trends into the future. However,
social factors do not always support trend projections. In examining PECO's
demographic forecast, it is 'projected that the family size will continue to
decrease {as is true for all national projections - see section on Population),
and a larger percent of new'housing contruction will be apartments. These
demographic changes should signal an end to the continuing growth of the size
of the refrigerator. On thé other hand, a greater customer desire to upgrade
existing smaller units (units sold in the late 1960's averaged about 15 cu.ft.
as compared to units sold in the mid-1970's of 16 cu.ft.); an increasing
personal income (see Social [Factors section); a decreasing real price for
refrigerators(112) and the continuing desire to do away with manual defrosting;
all point to a growth trendof larger refrigerators and more frost-free umits.
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82

_ For 1978, Merchandising forecasts 81% (up 3% from 1977} of all refrigerator
factory shipments will be frost-free.(113) ADL projects that by 1980 no-frost

units will account for about 70% of all refrigerators in place compared to only
40% in 1974. PECO's 1977 survey indicates that 63.4% of all in place umits in
the Philadelphia area are frost-free. :

ITT.. REFRIGERATOR ENERGY CALCULATION

Energy usage is directly related to the refrigerator size; the presence of
a freezer compartment and its location (i.e. top mount, bottom mount or side by
side); the size .of the freezer compartment as related to the total refrigerator
capacity; the presence of an automatic ice maker and the defrosting function
(manual, partial defrosting, frost-free); the presence of an energy saver
switch and the demographic. and housing characteristics; the location of the

-refrigerator, in relationship to the cooking range and the space heating system

(ducts, outlets, etc.); and the presence of air conditioning.

As much of this data is not available, national data, localized where
possible, is used to derive energy use by specific category. These categories
are a 'manual defrost single door refrigerator; two door combination partial
defrost refrigerator/freezer; and two door combination frost-free units. For
each category, data has beéen sought to determine the kWh/cu.ft./day ratio which
is applied to the calculated size of the refrigerator within that group. Since
sales data does not exist on frost-free single door units, the kWh/cu.ft./day
value of manual defrost units have been estimated about 5% higher to account
for the omission of frost-free sales data.

The energy usage of replacement units (refrigerators that wear out and are
replaced with new units), are assumed to be of the same size and energy con-
sumption values as new additional units. This assumption may put a low bias on
the forecast, as replacement units over the near term would come from a higher
percentage of houses than the future (added units) market mix of houses and
apartments.

The average KkWh/cu.ft./day values were obtained from test data of various
utility companies and published data by Edison Electric Institute (EEI),
Association of Home Appliance Manufacturers (AHAM), Oak Ridge National Labora-
tory and various consumer research publications.

A summary of these findings is indicated on the following page.



1966
1969
1970
1972
1972
1972
1973
1973
1975
1976

1976
1477
1977
1977

1977

1979

Baltimore G § E Study(114)
EEI Guide(115)

Consumers Bulletin{116)
Nationul Utility Study(117)
Localized Utility Study(l17)
Consu@ers Bulletin{118)

EEA Guide (119)

Oak Ridge/TANSIL(112)

AHAM Directory(120)

Consumer's Research(121)

Consumer's Nesearch(]22)
EEI Guide(78)
Gak Ridge/tioskins § llirst(112)

Consumer's Research{123)

California Minimm $tundards(124)

California Minimm Standards({125)

Method
of
Test
Test
Test
Test
Test
Test
Test
Estimate

Mfg. Test

Test*

Test
Test
Mode ] mr*

Test

N/A

N/A

Kifh/Cubic_Foot/Day

Manual Defrest
Single Door

J166
.181

.164
166

.192

.192

*Based on Consiumer’s Research's adjusted "cubic foot' calculation.
**xExcludes use of anti-sweut heaters.
% Includes use of anti-sweat heaters.

rarx0ak Ridge's model predicts a savin
rrevzer,

€8

gs of 14% with the elimination nf the defrost cycle of the freeze
Consumer's Rescarch's test results indicate "a difference of only about 104”.(125)

Top Mount
Combination

Frost-Free

Single Door

22718

.278

.254 (13 cu.fr.}

Top and
Side/Side

Combination
¥Frost-Free

.342
.358
.343
. 349
. 357
.377
.358
.354

2331 (15.6 cu.f1)

(Top Mount

L3B 0ld Units)

(fop Mount

-263**New lUnits)

{Side/Side

L2753 ANew Unins)
352
L3306 (Top Mount)

292 (Top Mount)
.284 (Side/Side)

.30s

Ll

T in g top mownt combinution refrigerator

B6GE




54

330a

Chart R-7 graphically rénresents the xWh/ou. €. /day data peints From 1966
to 1978 for frost-free combinaticn refrigerator/freezers. The accepted values
used by the PECO model are:

0.35 kWh/cu. fr./dav for the composite of top and bottom mount and
side hy side frost-fre¢ icombinaticn refrigerator/freezers decreased to
(.252 in 1930 und thereafier wo 1388,

L300 ’Wh/cu. £ /day for partial defrost combination refrigerator/
freezers decreased #o 0.216 in 1970 and thereatter to 1988. The ariginal
value wai determined bhased on the stavements of Oak Ridge National Labora-
tory and Consumer's Research that this type of refrigerator uses about 10%
to 14% less than a frost-free model of rhe same size, The PECO model used
a reduction factor of 14%.

Projected values for 1980 were basod on the DOE appliance efficiency im-
provement target of 39% (28% énergy reduction), as compared to 1972 energy use
values. (61) )

To test the validity of the PECO model, the calculated energy usage per
average relrigerator on line and new units sold were compared to the Stanford
Research Institute Study, the ADL Study and Dr. Wllllams Study for New York City.
Chart R-8 displays the comparisons.

Also, when compared to a report prepared by the National Bureau of Standards
for the FEA{126), PECO's calculated value for new units sold in 1972 was only
5% higher than from the NBS's walue.

Table R-TII summarizes the PECO refrigerator forecast for the vears 1977-
1988.

For the high range, the forecast projects a 39% energy efficiency improve-
ment accompiished by §§88 as compared to 1980 for the base forecast. The low
ranse projects a 43% improvement by 1980 and 67% improvement by 1988. For

the high range estimates a per unit usage of 1,660 kWh/year compared to
an annual usage of 1,535 kwh for the low range and 1,600 kiWh for the base

forecast,
—-—-—-—--r,;;, .




REFRIGERATORS - FROST FREE COMBINATIONS

ENERGY USE - KWH PER CU.FT. PER DAY

kWh/Cu.Ft./Day

1970 . 1975 1980 1985 . 1990
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ELECTRIC REFRIGERATORS
ENERGY USE - KWH PER UNIT
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a3

84

a5

84

a7

a0

i8

YR END
UNITS

13460.6

1383.8

1411.4

14436

1554.4

1594, 6

1563

1647.6

1498. 4

AVG
UNITS
ON LN

1352.4

1372.1

1397.46

1427.6

1461.1

1497 .4

1535.1

1574.6

lll‘_é

16 1

14683.1

NEW
UNITS

16.0

21.0

28.0

32.0

37 .

39.0

40.0

Jg.v

REFPLC
HKT

78.8

a7.1

102.4

108.7

111.8

104.8

9.4

?3.7

99.9

78.8

a7.1

102.;
108.7
111.8
i04.8
99.4
?3.7

9.9

REFRIGERATOR ANALYSTS

TOTAL
UNITS
soLn

94.4

101.8

134.1

137.6

150.8

144.8

137.4

130.9

KWH TOTAL
AVG UNIT ADDL
S0LL . MMKWH

1554 224.2
1568 217.46
1579 206.7
1591 nx

TAlMe R-II1

MMKWH

106.7

174.0

187.5

194.1

184.4

178.8

173.4

1B&.1

KWH/UNIT
REMOVED KEHOVED

1433

1696

172

L

1063

107AL
MHKUH

2364.3

2405.8

rd
A
far]
]
.

~

24461.8

24897.8

AVG KWH

AJG
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1704 1156
1719 11464
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1711 1199
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14645 120690
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FREEZERS
I. SATURATION GROWTH

Freezer saturation for the Philadelphia area (five county) as reported
from U.S. Census survey material for 1960(90) and 1970(29) are 12.9% and
17.7%. This is a ten year growth of 37%. In the city of Philadelphia, where
income levels are less than the area's average, the ten year freezer saturation
growth was 58%. Three of the four suburban counties had ten year growths in
the twenty to thirty percent range.

Projecting 1977 freezer saturation based on the annual growth rate from
1960 to 1870 would yield a saturation of 22.0%. PECO's 1977 appliance survey,
however, reports a saturation of 25.3% indicating an increasing growth rate
during a period when economic conditions were depressed. (75)

Projecting the freezer saturation for 1988, based on the annual growth
rate experienced from 1960 to 1877, would yield a saturation of 38.1%; while
using the most recent seven year annual growth rate would yield a saturation of
44.4%. The PECO model projects 40.0% which is at the lower end of the pro-

jection range.

Chart R-9 displays the historical saturation growth for the Philadelphia
area and PECO's projected growth for the forecast period. In addition, this
figure indicates historical and projected saturation from other reports and
studies.

Merchandising reports that freezer saturation grew, on a national basis,
from 21% in 1058 to 44.8% in 1977 for an annual growth rate of 4.1% as compared

to the Philadelphia area's rate of 4.0% for the periocd 1960 to 1977. (103}
Stanford Research Institute also reports the annual growth rate from 1960 to
1968 of 4.2%.(71)

Arthur D. Little in their report for the FEA states, "Current sales and
saturation are increasing rapidly because of escalating food costs and the
scarcity of certain foods'.(48) ADL's forecast projects a total national
saturation of 46% by 1990, 6% higher than PECO's projection for 1988. For
1917 ADL's saturation projection was 35% which is 10% less than Merchandis-
ing's measured saturation of 45%. If this difference is extended to 1990, the
ADL projection would be 56% compared to PECO's area projection of 40%.
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Also shown on Chart R-9 is Dr. Williams' saturation projection for New
York City.(55) From 1970 to 1988, Dr. Williams' annual growth rate is 8.4%,
which is more than double PECO's projected rate.

Another method to substantiate PECO's 1988 projection is to compare the
required saturation growths of freezers for each type of living unit, i.e.
apartments versus houses. The current forecast projects the apartment market
to increase to about 21% by 1988, with the remaining 79% being town or single
houses. Should the saturation of freezers in apartments increase to 13% from
the existing 8.8% and the saturation for houses increase to 47% from its exist-
ing saturation of 28.4%, a total weighted saturation of 40% would result.*
These assumptions seem reasonable when compared to growth experienced in the
last seven years and especially the growth during the last four years.

A third method to check the validity of PECO's 1988 projection is to
compare PECO's future freezer estimations with existing saturations of nearby
utilities and to compare other utilities' historical growth rates with PECO's
forecasted rate,

Public Service Electric and Gas reports a 1976 saturation of 20.6% with an
annual growth rate of 4.3% since 1962. (107)

Baltimore Gas and Electric's 1976 survey records a saturation of 38.3%
compared to their 1966 saturation of 24.7%. This is a 4.5% annual growth rate.
Their survey reports that, 'Nearly one in two single-family homes have a
freezer, with saturation in apartments also on the increase'.(109) Further,
Eheir survey found that one-fourth of all freezers on their lines were frost-

Tee.

Pennsylvania Power and Light's 1975 survey states, ''Freezer saturation
(now at 42%) has increased 18 points since 1970 after remaining level between
20-25% in the previous five year period'".(108) Their annual growth rate from
1970. to 1975 was 11.8% compared to 5.8% for the period 1958 to 1975,

Potomac Edison's 1977 survey records a freezer saturation of 55.1% as
compared to 40.6% in 1967 and 31.6% in 1963. Their annual growth rate from
1963 to 1977 was 4.1%; reaching 5.7% for the last ten years.(127) '

Other utility surveys indicate present freezer saturations in the 30% to
40% range. Detroit Edison's 1976 survey reports a freezer saturation of
32.8%(110), Atlantic Electric's 1977 survey records a freezer saturation of
36.3%(128) and Consumers Power's 1975 survey indicates a saturation of 46.3%.(111)

PECO's forecasted annual growth from 1977 to 1988 is 4.3% compared to 5.3%
for the high range and 2.3% for the low range.

*Apartments: 21% X 1,298,700 X .13 = 35,500
Houses: 79% X 1,298,700 X .47 = 482,200
 ST6700 < 1,298,700 = 40%

89
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SATURATION GROWTH - FREEZERS
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IT, FREEZER CHARACTERISTICS

Local sales data on freezer size or configuration is not available.
PECO's 1977 survey indicates that 31% of all freezers on line are frost free.
Recent national sales data as reported by Merchandising indicates that frost-
free sales have declined during the last three years. This decline has re-
sulted from an increased trend to chest-type freezers, which cost less to buy
and operate than upright models since they are more efficient and manually
defrosted. Also, manual defrost upright models are selling better than their
no-frost counterpart, because they are less expensive to purchase and use less
energy. For theése reasons, PECO's forecast projects that local frost-free
sales of new units and replacements will decline from 20% of new unit sales in
1977 (a decrease of 11% from the measured 1977 average saturation- of 31%), to
10% in 1987 and hold constant thereafter. This decreasing trend will decrease
the average saturation of frost-free units on line from 31% in 1977 to 22% in
1988. Should the frost free models regain their popularity, PECO's. freezer
projection would be on the low side since a comparative size frost free freezer
uses 50% more electricity. (78) :

The ADL study, by contrast, based their most probable forecast on the
projection that, "About 30% of freezers are no frost. This percentage is
expected to hold despite the higher energy utilizaticn of this type of freez-
er'", (48)

In the past 20 years, the size of freezers has steadily increased from an
approximate 11% cu.ft.* to 16% cu.ft. in 1977. AEIC's 1975 study of food
freezers reported an average volume of 16.5 cu.ft.(129), EEI's 1977 guide
estimates an average size of 16 cu.ft. for manual defrost units and 16.5 cu.ft.
for no-frost units(78), while EEI's 1969 guide had suggested 15 cu.ft. for all
units sold. Unlike refrigerators, the growth in sales of the largest category
of freezers (over 20 cu.ft.) has shown very little change for the past six
years. (103) Similarly, sales of the smallest category (under 14 cu.ft.) have
also stabilized. Therefore, the PECO model estimates the average size for
future freezer sales will be identical to the 1977 EEI guide recommendation.

'The freezer characteristics are identical for all three forecasts; high,
low and base.

*SRI reports 1961 freezer usage at 915 kWh per year divided by EEI's 1969
estimate of 79.7 kWh/cu. ft. equals 11% cu.ft. for 1961.
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IIT. FREEZER ENERGY USAGE

As with refrigerators, energy usage for freezers is directly related to a
variety of conditions: the total volume, the defrosting function, the con-
figuration (upright or chest), the presence of an energy saver switch, demo-
graphic and housing characteristics, the location (kitchen, basement or garage),
and in some instances the type and availability of a heating and cooling
environmental system.

Since much of this data is not available for local sales, the PECO model
reverted to national data. Chart R-10 graphically represents the kWh/cu.ft./day
data points taken from the following table.

Average

Chest Upright for Upright

Manual Manual Manual No Frost
1969 EEI Guide(115) Test .218 L322
1973 EEA Guide(11$) , Test " .218 L322
1975 National Utility Study(129) Test .19 .21 .20 .30
1977 EEI Guide(78) Test .204 .302
1977 AHAM(130) Mfg. Test 117 .216 .20 .322

The PECO model used a 1972 value of .322 kWh/cu.ft./day for frost-free
freezers decreasing to .250 in 1980 and thereafter to 1988. For manual defrost
freezers, the model used a 1972 value of ,218 kWh/cu.ft./day as a composite for
upright and chest freezers decreasing to .170 in 1980 and thereafter to 1588.
Projected values for 1980 were based on the DOE appliance efficiency improve-
ment target of 28% (22% energy reduction), as compared to 1972 energy use
values. (61)

To test the validity of the PECO model, the calculated energy usage per
average freezer on line and new units sold was compared to the 1972 Stanford
Research Institute Study, Dr. Williams' study of energy use for New York and
the ADL study. Chart R-11 displays the comparison. Table R-IV summarizes the
PECO freezer forecast.

The PECO model projects, for new freezers sold in 1980, an average usage
of 1,024 kWh as compared to Dr. Williams' 1980 projection of 990 kWh. PECO's
average usage for total umits on line in 1988 is 1,145 kWh compared to ADL's
1990 value of 1,170 kWh.

For the high range, PECO forecasts an energy reduction of 11% for an
average usage for new units ‘sold in 1988 of 1,115 kWh/year. PECO's 1988
average on line usage is 1,223 kWh/year. For the low range, PECO projects an
energy reduction of 22% for an average usage for new units sold in 1988 of 977
kWh/year. PECO's 1988 low range average on line usage is 1,195 kWh/unit. The
low range usage is higher than base forecast usage (1,195 versus 1,145) due to
the limited number of additional freezer sales and the effect this has on the
present stock of freezers on line.

N
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FREEZER ANALYSIS
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342a ELECTRIC RANGES

I. SATURATION GROWTH

Cooking ranges are ClaSSlfled as pivotal appliances since the energy used
(electric versus gas) is in many cases determined by the type of energy used to
heat the home. In the new construction market, the "pivotal appliance rule' is
usually always true; a gas heated home will normally have a gas range and an
electrically heated home will normally have an electric range. The basic
questlon is what type of range will an oil heated home install? If a gas main
is nearby, as is true in the city of Philadelphia, then a gas range may be
installed; however, if a gas main is not locally available, as is true in many
areas of the suburbs, then an electric range is the most likely option. At
this point other economic conditions are applicable, i.e. electric ranges
normally cost less to buy but cost more to operate.* Other factors, such as
availability of gas supply, customer preferences and ease of installation, all
affect a consumer's choice,**

From 1960 to 1570, the saturation of electric ranges in the Philadelphia
arca grew from 23, 0%(90) to 29.5%(29), an annual growth rate of 2.5%. PECQ's
1977 survey measured an electric range saturation of 38.0% for a 17 year annual
growth rate of 3.0%.(75) “Applying this historical growth rate to 1988 yields
a saturation of 52.6% as compared to PECO's forecasted value of 46.5%, which

represents an annual growth rate of only 1.9%. The historical growth rate from
1970 to 1977 was 3.7%.

Chart R-1Z displays the historical saturation growth for the Philadelphia
area and PECO's projected growth for the forecasted period. In addition, this
figure indicates historical and projected saturation from other reports and
studies.

Merchandising reports.the national saturation of electric ranges grew from
33% in 1958 to nearly 72% by 1977, for an anmual growth rate of 2. 7%(103)
compared to PECO's comparative value of 3.0%.

Arthur D. Little reports that electric range saturation in 1970 was 41%
compared to PECO's value of 29.5%. For 1990, ADL projects an electric range
saturation of 75% compared to PECO's estimation of 48%. For the period 1870 to
1990, ADL's annual growth factor is 3.1% compared to PECO's value of 2.5%. ADL
attrlbutes their growth to, ...continuing recent trends in consumer and con-
tractor preference'. ADL also states, '"The shift to electric (ranges) has the
effect of significantly decreasing on-site energy consumption for cocking
purposes'’. (48)

*The operating cost differential in the future will lessen as the price of gas
rises faster than electricity. See energy price projections.

**A tecent opinion poll indicated that younger women prefer electric ranges while
older women prefer gas ranges. As the number of younger women increase (see
Population Section) there should be a favorable impact on electric range sales.
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Also shown on Chart R-12 is Dr. Williams saturation projection for New
York City. From 1970 to 1990, Dr. Williams' annual growth rate is 5.5%(55) which
is about double PECO's Philadelphia area projection.

As an indication of the movement towards electric ranges, the 1977 PECO
survey determined that 107,000 gas space heating customers have electric ranges
for a saturation of 18.2%, while only 1,600 electric space heating customers
have gas ranges for a saturation of only 4.8%. The primary source of gas
ranges in the electric heating market is electric space heating conversions
from gas space heating customers who maintained their old gas ranges.

Based on this data, the following summarizes the electric range forecast.

1977 year end electric ranges on line 425,000
1978-1988 Rate RH new construction with electric ranges 80,000
01l heated new construction with electric ranges 30,000
Gas heated new construction with electric ranges 5,000
Rate RH conversions 8,000
Electric range conversions from gas ranges 33,000
Loss due to demolitions and abandonments -4,000
1988 year end electric ranges on line 577,000

The high range forecast projects a 1988 saturation of 47% compared to 40%
for the low range and 44% for the base case.
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II. ENERGY USAGE

In contrast to appliances such as refrigerators and freezers, where the

. en=rgy usage is controlled more by automatic controls (thermostats) than by the
customer's living habits or desires, use of electric ranges depends largely on
customer motivation. They may choose to use a conventional cooking range or
any of several counter top appliances like toaster ovens, hot dog cookers or
microwave ovens. '

In recent years, changing living habits and the energy conservation ethic¢
have substantially changed the usage of electric ranges. Stanford Research
Institute reports the average usage of electric ranges decreased from 1,225
kWh/unit in 1960 to 1,180 kWh/unit in 1968.(77) The ADL model projects a
constant average usage of 1,170 kWh/unit for the entire forecast period, 1970-
1990. ADL states, "An increasing percentage of ranges will be self cleaning.
They use only slightly more energy than conventional ranges; however, because
the energy used for self cleaning is mostly offset by operational savings which
accrue from the increased insulation needed in such units....Under our base
case assumption, electric ranges will reflect...{noj...savings.''(48)

EEA's 1973 guide recommended 1,175 kWh/year for electric ranges. (119)

The EEI's 1977 Appliance Usage Guide indicates that a conventicnal electric
range and oven uses 700 kWh/year and a self cleaning unit uses 730 kWh/year. (:3)
An article in Electrical World, August 1977, discusses findings by EEI which
indicate that a large number of studies undertaken in recent years point to a
trending down of range use. The article includes another study conducted by
the Association of Home Appliance Manufacturers (AHAM) indicating that electricity
consumption by the toaster oven, broiler, slow cooking pot, fry pan and roaster’
total 477 kWh per year. The artlcle p01nts out that although this consumption
seems to offset the decline recorded in range use, the data are not yet sufficient
to attribute the range decline to the increased use of the individual small
cocking appliances noted. {131) .

To calculate the projected usage for electric ranges, the PECO model
utilizes the following values:

1. Self cleaning ovens increasing from 37% of new units sold in 1977 to
70% of the units sold in 1988. (102)

2. Smooth top ranges increasing from 8% of new units sold in 1977(102)
to 50% of the units sold in 1988. (65,132}

3. Microwave oven saturation increasing from 2.5%(75) in 1977 to 6.5%
in 1988 for an annual growth rate of 8%.
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10.

Microwave oven saturation for customers with electric ranges in-
creasing from 2.5% in 1977(75) to 7.5% in 1988 for an annual growth
rate of 10.5%. .

Additional energy use for self cleaning oven option - 30 kih.(78,133)
Additional energy use for smooth top range option - 1%.(65,132)
Energy use for microwave ovens - 190 kWh.(78)

Electric range energy reduction for customers with microwave ovens is
estimated at '35%. (65)

3% energy reduction for electric ranges based on the DOE's efficiency
improvement target. (50)

All removal units up to 1988 at 700 kiwh.

Table R-V summarizes the electric range forecast.

The
to 688 W

high range projects an average usage in 1988 of 710 kWh/unit compared
Wh/unit for the low range and 700 kWh for the base case.
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102

ELECTRIC DRYERS

I. SATURATION GROWTH

Claothes dryers are classified as pivotal appliances since the energy used
to dry the clothes (electric versus gas) is in many cases determined by the
type of energy used to heat the home. In the new construction market, the
"pivotal appliance rule" is normally always true; a gas heated home will
normally have a gas dryer and an electrically heated home will normally have an
electric dryer. The question remains, what type of dryer would an oil heated
home install? If a gas main is nearby, as is true in the city of Philadelphia,
then a gas dryer can be easily installed; however, if a gas main is not locally
available, as is’ true in many areas of the suburbs, then an electric dryer is
the most likely option. At this point, other economic conditions are applicable,
i.e. electric dryers normally cost less to buy but cost more to operate. Other
factors such as availability of gas supply, customer preferences and ease of
installation all affect a consumer's choice.

From 1960 to 1970, the saturation of electric dryers for the Philadelphia
area grew from 13.2%(90) to 25.8%(29), an annual growth rate of 6.9%. PECO's
1977 survey measured an electric dryer saturation of 34.5% for a 17 year annual
growth rate of 5.8%.(75) Applying this historical growth rate to 1988 yields
a saturation of 64.1% as compared to PECO's forecasted value of 47.8%, which
represents an annual growth rate of only 3.0%. The historical growth rate from
1970 to 1977 was 4.2%. ' '

Chart R-13 displays the historical saturation growth for the Philadelphia
area and PECO's projected growth for the forecasted periocd. In addition, this
figure indicates historical and projected saturation from other reports and
studies. ‘ '

Merchandising reports the national growth of electric and gas dryers grew
from I5% in 1958 to nearly 60% by 1977. Electric dryers grew from 13% in 1958
to 40% in 1977(103) for an annual growth rate of 6.1% compared to PECO's compara-
tive value of 5.8%. Stanford Research Institute reports an annual growth rate
from 1960 to 1969 of 8.5%(77) which is significantly higher than Merchandising's
statistics would support.

Arthur D. Little reports that electric dryer saturation in 1970 was 30%(48)
compared to the calculated value of 27.5% taken from Merchandising's data and
PECO's area value of 25.8%. For 1990, ADL projects an electric dryer saturation
of 60% compared to PECO's estimation of 49%. For the period 1970 to 1990,

ADL's apnual growth factor is 3.5% compared to PECO's value of 3.3%.
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Alsc shewn on Chart R-13 is Dr. Williams saturation projection for New
York City. From 1970 to 1990, Dr. Williams' annual growth rate is 4.3%(53),
which is about one-third higher than PECO's Philadelphia area projection.

As with other appliances, a further check to substantiate the 1988 pro-
jection is to compare the saturation growth of electric dryers to each tvpe of
living unit, i.e. apartments versus houses. PECO's 1977 survey indicates the
eristing saturation of all dryers (gas and electric) by housing type to be:

- Total Electric Gas
Apartments 21.65 15.9% 5.7%
Houses 64.5% 37.9% 26.6%
Total 58.1% 34.5% 23.6%

By 1988, the PECO forecast projects the saturation of apartments with
electric dryers to grow to 19%. For houses, 55% are expected to have electric
dryers ylelding a total saturation of 47.5%.*

The high range for 1988 projects a saturation of 54% compared to 43% for
the low range.

51,800
564,300
816,100 = 1,298,700 = 47.4%

*Apartments: 21%
79%

298,700 X .19
Houses: 2

98,700 X .55

X1,
X1,
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II. ENERGY USAGE

Unlike appliances, such as refrigerators and freezers where the energy
usage is controlled more by automatic controls (thermostats) than by the custo-
mer's living habits or desires, use of the electric dryer often ‘depends on
customer motivation toward saving energy and reducing energy costs. In recent
years (post 1973), the energy conservation ethic has increased substantially
but, due to the absence of extensive individual appliance load studies, it is
uncertain what effect conservation has had on the electric drver. Conversely,
there are changing employment patterns, in which the labor participation rate
is steadily increasing and is expected to further increase in the future as
more women enter the work force. It could be expected that increased usage bv
this class of customer could cancel the conservation efforts of the more cost
conscious customer. Because of the uncertainty of the various possibilities,
the PECO model does not project reduced use but does assume the use of more
efficient dryers as projected by the DOE. (61)

Stanford Research Institute estimated the average usage of electric
dryers to have increased from 960 kWh/year in 1960 to 990 kWh/unit in 1968.
ADL projects new electric dryer usage to be 996 kWh/unit for the entire period
1970 to 1990. ADL states, 'No net efficiency increase is projected for electric
dryers.''(48) Because of this assumption, ADL's average usage is increased from
938 kWh/year in 1970 to 967 kWh/unit by 1890. Dr. Williams' study estimates
electric dryer usage for new units to be 1,000 kWh/year for all units sold up
to 1975 decreasing to 940 kWh by 1980 for a 6% reduction due to increased dryer
efficiency. _—

PECO's forecast projects an historical usage factor of 990 kWh/unit (for
new units and average units alike), up to 1977. Starting in 1978, PECO es:imates
that new dryer usage will decline to the 950 kWh level by 1981 and thereafrer
hold constant. This reduction is based on DOE's appliance efficiency improve-
ment target which is equivalent to a 4% energy reduction as compared to 1972
energy use values.

" Chart R-14 displays all the above estimations. Table R-VI summarizes the
PECO electric dryer forecast. .

For the high range, the average usage for units on line in 1988 is 975 kih
compared to 960 kWh for both the low range and base case.
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ELECTRIC DRYERS

ENERGY USE - KWH PER URIT

Annual

kwh

1

R

3 |_-J
i
|
|
|
k

Sald)

'I[—':—r-:

N _f_.__.i.__ -

!
!
|
1

1000

270 .

960

930

920

o Vi o
LILlI : m !
T e — T, =" e
R 51 T A EE e T
— 318 ; O YT uEr =g = _
__ ..|_|_ 1 _ — r._ﬁ n--’_ m U_—‘ . 1. i . ._. o m
PR T 5 S DU | S 5L O R
— - ‘-H —_— e — Illm4 — ‘i:n[ﬂi"i'*l B T & IR T . x.ml..-w.l. L —_— |_|| - _
SN 71 B FoN A
|m|.|,|ml..|| T w- - m W__!...n.:oo.ﬂlo. —_ .I :.—, -] IBI.W..I "_\ - - _
. : 4 o | _ m 1 ! i
% | IS WO - ISR R I W —+ - b=y -
g i gz m :
et R
A e . S .
: X d !
I U
| |

e |
-
[ N
. - .
) = .
, L& ) _
i P m - !
(] . n v e ! ﬁ
Ut I I A e S R w ¢ - S S
“. ! llf,—.llll “._ " m VU . S N - :
e = | | | X g o
i .“ _ |I|..mr [ B e | !-u.,.l’.w-.rr. _ N '
e = oo “ m | 2 _ :
B L Hl ! H H
— - i — ———— ..._z.. _....nlu. et = - — s [ S -=
4 = ! c i ! '\ :
s - | . : 1 L . ._.l .
N & "i.ill.“f- .._,Im__! .._‘ ; B i _
NGNS SNV - W e e o — e L w i
I R R T T
i g e - = ' R I /. SR SN _ - -t 1
I A LT . i
i st I - ' ! S
L e e e S T S AU EE VR O ;
. YN R . T |
I e N B o ol ¥
L _ i 2 o !
T S ;r.,-._ﬂn/..! I i.- ST T T
P e 4 .Y NPT S ey B
B r | N, R _ |
RN PO A . v Y SO S R .“ P
| ._..._ i .—.l.. ' oP.W X — ._m. - . .
HANE TR SATRIAC) RS N AR TN R
L I B | _ i
I ] T P R |
i | % ” " | L
T A ) B i I T «
L ——— o ! S : J _
i | N_ w ] _ ! ! ;

1990

1384

1970

1960

CHART R-1k



Tk

80

31

i

4

L01

VHOEHD
UH1TS

442.4

g .a

50109

L. d

HE

Yidiat L 8

(Y]
TS
O Lt

Sy

A3%5 .9

4%3_4

L

R S

B

R

AR

a14.7

HEW
UNITS

18.0

19.0

AR

200

2000

I

REFIE
MET

320

KIS

REFLE
UNITS

3.

3401

DRYER AMALYSIS

TOTHL
UNTTS
s0LD

46,

340

4.9

435.9

A8.7

3.1

B7.01

Y e

S3.0

45.2

KWH TOTAL
AVG UNIT ALDL,
SOLD M WH

Y88 3?.6

@50 41;2
2a0 5.5
FH0O 49 .7
?50 48.1

baviv A4 .4

YHO G.9
i 5503

?ad 93.4

Table R-VI

RIS
REMOVLED

NIRRT N
EEAUYED

1008 At
iR

G EWl fnt
il e Tkl

15.48 797 I3 R AV BT
16.3 Eitks 4.4 FHY 1184
.y P91 43004 Fuly LLsN

2002 Yo 4484 YRS 1148
H;.J T a5, 1 P [N
Ja.n 74} aHn .3 P o B
HeL9 Py 19UL 6 7R 130
2R.E YR 1.3 AL biay
KXY v} PR T ol [N
JCIVI ) et REE I LA PSR
35.4 Py T RV BT
30. ) g4y buf-n 2t |

R & F Dept.
September )97d

SRR

A7

Tlaol

R PTI I

BECE .



354a
TELEVISICN

-I.  SATURATION GROWTH

Nearly every household in the Philadelphia area has at least one tele-
vision set. The 1977 PECO Survey measured a total saturation of 180% (i.e. 180
TV sets per 100 households)}. (75) Assuming the saturation of TV sets is relative-
ly constant, the average number on line in 1976 was 2,060,000. From 1965 to
1976, the Electrical Association of Philadelphia reports that 45.2% of the TV
sets sold were color resulting in a calculated mumber of color sets on line of
932,500* and 1,127,500 black and white sets.(83) Merchandising reports that
72.3% of households in the Mid-Atlantic states have at Jeast one color set.
Assuming the Philadelphia area to have a similar saturation would result in
830,000 households with color sets and 102,500 households with two color sets
(assumang negllglble households have more than two color sets). Therefore, for
1976, - the saturation of households with one color set is 63.4% and 8.9% with
two color sets. With 99% of Philadelphia households having televisions, 26.7%
have only black and white sets (99% less 72.3%).

The PECO model projects the saturation of households with at least one
color set will increase from 75% in 1977 to 91% by 1988 for an a#nnual growth
rate of 1.8%. This is in comparison to the 12.0% growth rate measured by

Merchandising, for the Mid-Atlantic region, for the period 1970-1977 (36% to
755) The PECO model also projects the saturation of households with black and

whité TV sets will decline from 71% in 1976 to 46% by 1988.

The ADL study forecasts 'the national saturation of households with color
TV will increase to 98% by 1990 while black and white sets will decline to 85%.
ADL also projects the total saturation of TV sets will increase from 150% in
1970 to 183% (98% plus 85%) by 1990(48) compared to PECO's model projection of

no growth.

Dr. Williams in his forecast for New York City forecasts a 1990 color TV
saturation of 89% from a base of 35% in 1970.

All three forecasts, high, low and base, all project a saturation of 180%.

*Calculation based on a twelve year life span for color and black and white sets.
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II. ENERGY USE

Energy use for televisions, unlike other major appliances, camnot be
directly calculated by taking the number of units on line multiplied by a
"'standard'’ energy consumption value per unit. The PECO model determines the
number of primary and secondary - color and black and white TV sets. After
determining the average wattage for each type of set, the energy consumption is
calculated by  multiplying the primary set's wattage value by 1,850 hours per
year and the secondary set's wattage by 364 hours. Hours of use were based on
the following data:

The Television Bureau of Advertising shows that A. C. Nielsen data for
the first ten months of 1977 indicates the average household watched six hours
and four minutes of TV per day (2,214 hours per year), only seven minutes less
per day than in 1976.(134)

In a study by AEIC, conducted in 1973, the average annual viewing time was
calculated at 2,097 hours(135), which would indicate a four year growth, when
compared to the Nielsen report, of 117 hours - 1.4% per year. The PECO model
only increases the hours of use for the primary color set from 1,850 hours in
1977 to 1,900 hours in 1988 for an annual growth rate of 0.7%, half the measured
growth rate of the last four years. All other sets are maintained at the 1877
viewing hours. K '

The AEIC data indicates the viewing hours for the primary color TV set at
1,850 hours and about 400 hours for the second black and white set.

EEA's 1973 and EEI's 1977 guides indicate the. average TV set is used 2,200
hours per year.(119,78)

. The PECO model based its "primary’ TV set use on the AEIC figure of 1,850
hours while the "secondary' set's usage was calculated at 364 hours, based on
the difference between the Nielsen's report and the AEIC study (2,214 less
1,850).

The total energy consumption for televisions for the year 1976 was determined
to be 550 million kWh, 265 kWh per set based on 2,060,000 sets. The average
use per household based on a saturation of 180% was 477 kih.

Dr. Williams in quoting values established by the Lawrence Berkeley
Laboratory Appliance Study, calculated his energy forecast for new units sold
using 150 watts for color sets and 75 watts for black and white sets.(55) Dr.
Williams, using A. C. Nielsen data for New York City, used 2,370 hours of TV
use for households with color sets and 2,000 hours for black and white TV
households.
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The PECO model assumes that all TV sets sold after 1976 are solid state.
This assumption may slightly underestimate TV usage, since some TV hybrid umits
are still being sold in the retail market. Based on EEI's 1977 guide for solid
state units, the average wattage used is 145 watts for color and 45 watts for
black and white.

The DOE energy efficiency targets project an energy saving of 65% for
black and white sets and 35% for color sets based on 1972 usage.(61) Excluding
changing household TV viewing habits, if the DOE targets are applied to EEI's
19735 wattage guides for conventional TV units, the DOE's 1980 targets would be
195 watts for color sets and 56 watts for black and white sets.

-Chart R-15 graphically displays the energy usage of the various color
TV forecasts.

For the high range, the average usage per TV set in 1988 is 177 kWh compared
to 167 kith for the base case and 160 kiwh for the low range.
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COLOR TELEVISION

ENERGY USE - kWh PER UNIT
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DISHWASHERS
I. SATURATION GROWTH

Dishwasher saturation for the Philadelphja area, as reported by the U.S.
Census, was 20.3% in 1970 (29) No census data is available for 1960. PECO's
1977 survey reports a saturatlon of 35.0% for .a seven year armnual growth rate
of 8.1%. Merchandising reports the saturation on a national basis increased
from 12% in 1960 tg 41% in 1977 for a 17 year annual growth rate of 7.5% and an
annual growth rate of 6.9% for the period 1970-1977. The Stanford Research
Institute reports the hlstorlcal growth rate from 1960 to 1969 was 5.8%. (77}

Arthur D. Little in thelr report states, '"The saturation of dishwashers is
expected to increase from 19% in 1970 to 80% in 1990. Virtually all new
housing units will have. dishwashers'. (48) ADL's forecasted annual growth rate
is 7.5%.

Dr. Williams projects that the saturation in New York City will increase
from 14% in 1970 to 40% by 1990 for an annual growth rate of 5.4%.(55)

Applying Dr. Williams" and ADL's projected growth rates to PECO's 1977
measured saturation yields a 1988 saturation range of 62% to 78%. PECO's model
projects a 1988 saturation of 49%; rather conservative when compared to ADL and
Dr. Wllllams .

PECO's model ‘calculates its forecasted saturation by adding 178,000
dishwashers in the new construction market and 50,000 additions in the existing
housing market to the. 404 000 ex1st1ng units on llne in 1977, for a total
mmber of dishwashers on llne in 1988 of 632,000; which equates to a 1988
saturation of 48.8%.

Chart R-16 displays the saturation growth projection of the various models.

The high range projects a 1988 saturation of 55% compared to 46% for the
low range and 49% for thﬁ\base case. . -

IT. ENERGY USE

Dishwashers are classified as "discretionary use appliances'. The use of
a dishwasher can range from consistent use to save time and labor to spasmodic
use for special occasions. As the cost of energy has increased, it is believed
that use of this appllance may decrease or at least be modified so that less
energy is consumed. The consumer has the option of using the dishwasher every
other day instead of daily, or changing the usage pattern from the normal wash

- gycle to the short cycle, or eliminating the drying cycle by opening the dish-
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: Stanford Research Institute estimated that the average energy consumption

for dishwashers increased from 338 kWh in 1960 to 360 kih in 1968. Dr. Williams
projected the usage for new dishwashers to De a constant 275 kWh from 1960 to

1975 and then decreasing to 225 kWh by 1930 for a 18% reduction. ADL prejects

the average use will decline from 360 kwh in 1970 to 325 kWh by 1980 for a 10%
reduction. ADL indicates, ''The primary opportunity to save energy is to eliminate
(or make optional) the heating/drying cycle, which accounts for about 30% of

the energy used in a dishwasher'". ADL further states that with the optional

use of the drving cycle, "A 10% reduction in per unit energy consumption {can

be accomplished) by 1930'".(48)

Data Resources Incorporated {DRI) states the energy use for dishwashers
will be reduced by 20% from 363 kiwh in 1977 to 290 kWh by 1980.(68) DRI based
this projection on FEA's appliance efficiency targets listed in the July 15, 1977
Federal Register. (50)

The PECO model projects a 16% reduction which is the average of the above
three projections. Based on an initial usage value of 363 kWh(119), the 1981
value is 305 kWh; 20 kiWh lower than ADL and 15 kith higher than the DRI pro-

jection.

Chart R-17 displays the energy usage values of the various forecasts and
Table R-VII represents the PECO dishwasher forecast. :

The low range and base case both project a 1988 average on line usage of
311 kWh compared to 334 kiWh for the high range.
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WATER HEATING

I. SATURATION GRCWTH

Water heating customers are made up of households cn Rates WH-Restricred
{WHR), WH-Unrestricted (WHU), R and RH. Rates WHR and WHU are for individually
metered water heating customers and comprised about 70% of all water heating
customers on line in -1977. Rate RH water heating customers added another 20%.
These customers are identified for rate schedule purposes, but their actual
water heating usage is not separately metered. Rate R water heating customers
make up less than 10%* of all water heating customers. There is no identifica-
tion code for these customers because all water heating usage is metered as
base load. -

For the eleven year period, 1977 to 1988, PECO forecasts a gain of 108,000
electric water heating customers. Of this number, 94,000 (87%) will be on
Rate RH with a vast majority coming from the new construction electric heating
market., The other 14,000 will be o0il heated living units with electric hot
water on one of the other three rates - WHR, WHU or R. No new construction
with gas space heating is projected to install electric water heating.

In 1976, 79% or 2,200 new construction development units with o0il furnaces
installed electric water heating with 37% {800 units) comnected on Rate R.(91)
In 1977, 86% or 2,000 units with oil furnaces installed electric water heaters
with 600 units on Rate R, (92)

In recent years, there has been a steady increase in the number of un-
restricted water heating customers. For the five year period ending December 31,
1977, the WHU customers grew by 4,400 customers. For the eleven year forecast
period, PECO projects this class of customers to increase by another 7,900 °
units for an annual increase of 720 units. For the twelve month period ending
September 1978, 1,129 unrestricted customers were added.

For the restricted water heating class, PECO projects an increase from the
100,800 customer level in December 1877 to 101,400 level in 1981 and then a
decrease to the 98,800 level in 1938. This decrease is due to the conversion
of 0il heated living units with electric water heaters to Rate RH and a loss of
some living units with electric water heating to demclitions.

In the last five vears, WHR customers have only increased about 1,600
units.

For the high range, PECO projects a 1988 saturation of 25% compared to 20%
for the base case and 19% for the low range.

*This estimation is based on customer survey data and there is a high probability
of error since some customers on Rate R may identify their gas or oil water heater
as electric. Builder contractor survevs conducted in 1976 and 1977 indicate that
12% and 15% of all new constructicn development units have electric water heating
on Rate R, (91,92)
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IT. ENERGY USAGE

Of all the major appliances, the projection of water heating usage is the
most difficult. For example, WHU customers use about 40% more hot water than
WHR customers. Why? Are there more people per household, more children, more
clothes washers, more dishwashers or do WHU customers have the same number of
clothes washers and dishwashers but just use them more? With the introduction
of the DOE efficiency targets for 1980, appliances will use less energy but how
these targets will affect PECO water heating usage is a matter of conjecture.

ASSUMPTIONS FOR HOT WATER USAGE

- Since the DOE is applying its energy efficiency targets to 1972 usage
values, the PECO model attempts first to develop water heating usage by appli-
ance application and by rate category. Once this is accomplished, the DOE
targets are utilized to estimate water heating usage for new units sold after
1979,

The following assumptions are applicable to all categories:
140°F. water output temperature(136,137,138,139)

559F. water input temperature(136,137,138)
83% water heater efficiency(136,137,138)

1972 USAGE FOR RESTRICTED WATER HEATING CUSTOMERS - WHR

Domestic Use

3.13 people per household (PECO population model - general population)
72.5 gallons of hot water per person per week(137)

kWh Output Usage = 72.5 X 3.13 X 52 X 8.34* X (140 - 55) = 2,451 kWh/Year
T.412.8

kiwh Input @ 83% Efficiency = 2,953 kWh/Year

*pounds/Gallon of Water
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Dishwasher Use

15.0 gallons hot water/event(137,140)
6 events/week (PECO assumption)*

972 XWh/Year

kith Output Usage = 15 X 6 X 52 X 8.34 X (140 - 55)
3,412.9

1

kWh Input & 83% Efficiency 1,171 kWh/Year

Clothes Washer Usage

" 4 hot cycle washes per week (PECO assumption)®*
2 warm cycle washes per week (PECO assumption)**
Hot cycle uses 24 gallons of hot water(l37)

Warm cycle uses 11 gallons of hot water(137}

1

1,275 kWh/Year

kwh Output Usage = (4(24) + 2(11)) X 52 X 8.34 X (140 - 55)
£

H

kwh Input @ 83% Efficiency 1,536 kWh/Year
Applying PECO's saturation estimate for all electric customers to the

Rate WHR class results in the following water heating usage per water heating

customer:

Domestic Use 100.0% X 2,933 kWh = 2,953 kWh/Customer
Clothes Washer 75.5% X 1,536 kWh = 1,160 kWh/Customer
Dishwasher 25.5% X 1,171 kwh = 298 kWh/Customer

T,4T1 kWh/Customer

Since the actual 1972 usage for this class was 4,405 kWh, the assumptions
are believed to be justified pending additional research.

*ADL assumes 7 events/week but this was believed to be too high an average.
**ADL indicates a total of 6 cycles per week (3 hot and 3 warm).(137)
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Using the same method, the hot water usage for unrestricted water heating

customers is:

Domestic = 72.5 X 4.2 people/household X 52 X 8.34 X (150 - 55)

3,412.8
kWh Input @ 83% Efficiency

Dishwasher = 15 X 7 X 52 X 8.34 X (150 - 55)
3,712.8

kiwh Input @ 83% Efficiency

.Clothes Washer = (5(24) + 3(11)) X 52 X 8.34 X (150 - 55)

3,412.8
kiwh Input @ 83% Efficiency

Average use per WHU customer:

Demestic Use 100.0% X 4,429 kWh = 4,429 kWh/Year
Dishwasher 25.3% X 1,527 kWh = 389 kWh/Year
Clothes Washer 75.5% X 2,225 kWh = 1,680 kWh/Year

6,498 kWh/Year

3,676 kWh/Year

4,429 kwh/Year

1,268 kWh/Year

1,527 kwh/Year

1,847 kWh/Year

= 2,225 kWh/Year

Actual water heating usage for WHU customers in 1972 was 6,466 kWh which

validates the general assumption.

To further test the water heating values, they were applied to the 1976%

appliance saturations with the following results:

WHR Customers

Domestic Use 100.0% X 2,953 kWh = 2,953 kWh/Year
Dishwasher 33.4% X 1,171 kWh = 391 kWh/Year
Clothes Washer 78.0% X 1,536 kWh = 1,198 kWh/Year

4,547 kWh/Year

*1976 was selected as a test year since it was not affected by changes in billing
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Actual water heating usage for WHR customers for 1976 was 4,461 kWh, or
about 1.8% less thuan the calculated value. This decrease appears to be accept-
able considering the conservaticn efforts our customers have been taking.
However, when the change in the number of people per household is considered
(down 5.8%), some questions arise as to the real impact this variable has on
water heating usage. Of course, the appliance saturation figures that were
used for WHR customers might be much lower than the average of all water
heating customers (gas, oil and electric). If the saturation of dishwashers
and clothes washers were increasing at a faster rate for WHR customers than
their household size was decreasing, chen more hot water would be used. These
unknown factors could affect future forecasted values.

A similar test for WHU customers indicated a calculated value of 6,675
kiWh/water heater compared to an actual Vvalue of 6,225 kWh* for an error of

7.2%. If the decrease in household size was applied to the calculated value,
the error would bhe reduced to 1.0%.

APPLICATION OF DOE EFFICIENCY TARGETS

Clothes Washers

According to the FEA standards*, the energy use of a clothes washer in
1972 was .198 loads/kWh or 5.05 kWh/load.(50) This value includes both the use
of the clothes washer and the energy consumed to heat the water used by the
washer. Assuming six loads per week, the FEA annual usage would be 1,576 kWh
less 103 kWh** for the washer resulting in a water heating use of 1,473 kWh,
compared to PECO's 1,536 kWh value calculated for WHR customers.

FEA's 1980 target is 3.44 kWh/load or 1,073 kWh, less 103 kiwh for the
clothes washer's motor, which totals 970 kiWh for a 34% reduction of hot water
usage. This reduction is due to the elimination of the warm rinse cycle and a
reduced warm temperature setting. PECO has accepted these targets. However,
additional research is necessary to insure customer acceptance and applica-
bility. If PECO customers are already using cold water rinse cycles, or even a
higher percentage of total cold water washes than the FEA calculations account
for, then it is possible that the PECO water heating forecast has been decreased
too much.

*As of the date of the preparation of this material, the DOE standard has not
been published for clothes washers.
**PECO usage value.
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Dishwashers

According to the DOE standards, the energy use of a dishwasher in 1972 was
4,15 kWh/load. (61} This value includes both the use of the dishwasher and the
energy consumed to heat the water used by the dishwasher. Assuming six loads
per unit, the DOE annual usage would be 1,295 kWh/year less 363 kWh* for the
dishwasher motor and drying cycle resulting in a water heating use of 932 kwh,
compared to PECO's 1,171 kWh value calculated for WHR customers. For PECO's
calculated consumption to equal the DOE value of 921 kWh, it would require a
reduction of 3.1 gallons of hot water/wash cycle or a reduction in the tempera-
ture of the water from 140°F. to 123°F.

DOE's 1980 target is 3.32 kwh/load or 1,037 kWh/year based on six loads
per week. Subtracting the anticipated 1980 dishwasher usage of 305 kWh (for
motor and drying), yields a water heating consumption value of 732 kWh or a
21.5% reduction. This reduction is due to an improved fill control (3.9%
energy savings), the elimination of one rinse cycle (5.6% savings) and a change
in the geometry of the unit, which would reduce the hot water consumption to
12.5 gallons of hot water (savings not identified by DOE). Again, PECO has
accepted these targets; however additional research is necessary to insure
customer acceptance and applicability.

Domestic Use

No specific technical reductions were listed by DOE; however customers
have already been made aware of the savings obtainable from such things as
switching from tub baths to showers, and even to using low flow shower heads in
place of standard shower heads. The latter modification can reduce the amount
of hot water used by as much as 50%.(141,142,143) Since these potential savings
are a result of changing customer habits and not merely mandated technological
changes, one can only speculate as to their use and effect on energy consumption.
By the year 1988, the PECO model projects a 5% reduction for domestic usage.
This reduction approximates the percent change in the size of households.

Water Heater Efficiency

According to the FEA targets**, the energy savings for an electric water
heater are estimated to be 15%, an increase from 80% in 1972 to 95% in 1980.
These savings are due to increased or improved insulation (8%), reduced ther-
mostat settings (6%) and the introduction of a heat trap (2%). Again, one can
only speculate as to the acceptance of reduced temperature settings.

*PECO usage value. ‘
*%pAq of the date of the preparation of this material, the DOE targets have not

been published.
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Applving the above potential energy savings to the 1972 PECO appliance
values results in the following cnergy consumptions for units sold in 1980 for
customers con Rate WHR.

1972 1539 1980 1980
Qutput Output Water Htr. Input
Water Htg. Energy Water Htg. Efficiency Water Htg.

Rate WHR Usage (kWh) Reduction Usage (kWh)  Factor*® Usage (kWh)
Dishwasher 972 21.5% T63 1.024 781
Clothes Washer 1,275 34, 0% 342 1.024 862
Domestic 2,451 None 2,451 1.024 2,510
: 4,098 %% 4,133

The maximum potential energy savings, assuming 1007 saturation of dishwashers

and clothes washers, would equal 4,153/5,660 or 20.6%.

From 1980 to 1988, 125,000 dishwashers are forecasted to be added in the
customer categories WHR, WHJ and R. Of the 400,000 dishwashers on line in
1979, 75%*** or 300,000 will te replaced leaving 100,000 pre-1980 units on
line. Based on these estimations, the weighted hot water use of a dishwasher
for Rate WHR would be:

100,000 X 972 kWh/Unit + 125,000 X 763 kWh/Unit = 803 kWh
525,000

For the same period, 30,000 clothes washers are projected to be added. Of
the 875,000 clothes washers on line in 1979, 753%** or 660,000 units will be
replaced leaving 215,000 pre-1980 units on line. Based on these estimations,
the weighted hot water use of a clothes washer for Rate WHR would be:

215,000 X 1,275 KWh + 740,000 (842 kivh) = 939 kwh
955,000

Domestic usage in 1988 is 2,451 kWh X 95% = 2,324 kWh.

*1972 water heater efficiency factor times FEA energy reduction estimate
(1/.85) X .85 = 1.024
*%1972 input is 4,698/.83 = 5,660 kiWh/Year
***This value is based on a twelve vear life span. Of the units on line in 1979,
approximately 9/12ths will be replaced by 1988.
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To determine the effect of increased water heater efficiency on water
heater use, a weighted water heater efficiency factor was developed for 1988
between the new high efficient water heaters and the older less efficient
units still on line. From 1980 to 1988, it is estimated that 10,000 water
heaters would be added to the non-RH customer categories. Of the 126,000 water
heaters on line in 1979, 45%* or 57,000 units will be replaced leaving 69,000
pre-1980 units on line. Based on these estimates, the weighted water heater
efficiency for Rate WHR would be:

69,000 (83%) + 67,000 (95%) = 89%
137,000 :

Based on these factors, Rate WHR usage per customer in 1988 (again assuming
the ‘same saturation of dishwashers and clothes washers as are forecasted for
all Rate R customers) would be:

Dishwasher 45.2% X 803 = 363 kWh
Clothes Washer 81.0% X 939 = 761 kiwh
= 2,324 kiwh

Domestic Use 100.0% X Z,324
- 3,448 kwh Output

kwh Input @ 89% Efficiency = 3,870 kWh/Year

: The following is a comparison of water heating usage on a per customer
basis for the years 1978 and 1988:

Percent

1978 1988 Change

Rate WHR* 4,548 kWh 3,870 kWh -14.9%
Rate WHU 6,280 kWh 5,346 kWh -14.9%
Rate R** 4,548 kWh 3,870 kwh -14.9%
Rate RH 5,110 kwh 4,048 kWh -20.8%
Total All Rates 4,790 kWh 4,057 kWh - =15.3%

For the high range, PECC projects the average usage for all rate classes
at 4,905 kWh/water heater compared to 4,040 kWh/unit for the low range.

*This value is based on a 20 year life span. Of the umits on line in 1979,

9/20ths will be replaced by 1988.
**The PECO model estimates the hot water usage for customers on Rate R to equal

customers' usage on Rate WHR. Should the usage characteristics of Rate R
customers be closer to Rate IWHU customers, future PECO energy projections

would be too low.
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OTHER MAJOR APBLIANCES

Dehumidifiers, clothes washers, supplementary heating and heating auxili-.
aries are classified as "'other major aprliances'. These appl:i:ances do not
contribute significantly, if at all, to summer demand peak:z. Tor that reason,

the PECO model does not attempt to develop historical data which was necessary

for the major appliances.

DEILMIDIPER

N

(. SATIRATION GROWTH

This appliance, used primarily in basements (76.33), is ncmellyv found in
the suburban single home as comared to the row hem: or apartment. In the 1977
PECY survey, dehumidifier saturaticn was measured at the 15% level with a 23%
saturation in single homes and 3% in row and multi-family living units. The
PECO model projects a 1988 saturation of 19% with a 2%% saturation in single
homes and 7% in the other building tyvpes. The low growth is due to the char-
acteristics involved in the ownership of this appliance, namelv the desire to
increase the ccmfort of a recreational room or to protect family items that are
stored in basements. Also, some forecasters believe that as central air con-
ditioning expands, the summertime usage of basements will decline negating the
use of dehumidifiers. Also, some environmental engineers believe that central
air conditioning assists in maintaining a low humidity level in basements again
negating the need to usc a dehumidifier.

The high range projects a 1988 saturation of 21% ccmpared to 19% for the
base case and 18% for the low range. '

IT. ENERGY USAGE

The 1977 EEI Appliance Usage Guide indicates a dehumidifier use of 337
kiwh/year(78)}, identical to EEA's 1969's value. (119) The PECC model accepts
this recommendation for 1977 and applies the DOE's efficiency improvement
target of 16%(61) to te applicable for new and replacement units sold in 1380
and thereafter. Table R-VII] indicates the PECC forecast for dehumidifiers.

All three forecast ranges project a 1988 usage of 335 kih.
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CLOTHES WASHERS

I. SATURATION GROWTH

The saturation of clothes washers declined from 77.4% of all households on
line in 1960(90) to 73.7% in 1970.(29) The 1977 PECO Survey measured a saturation
of 79.9% for all Rate R and RH customers. The 1988 projection is 83.1% with a
saturation of 95% in single and row houses and 39% in apartments, as compared
to 88% and 39% respectlvely for 1977. No growth is projected for the apartment
market.

The high range projects a 1988 saturation of 85% compared to 78% for the
low range.

I1. ENERGY USAGE

The 1969 and 1977 EEI Appliance Guides indicated clothes washer usage at
103 kih for automatic types and 76 kWh for non-automatic washers. Based on the
last eleven years of sales data from the Electrical Association of Philadelphia,
95.7% were automatic washers indicating an average usage value of 102 kih.(83)
All future sales are projected to be automatic clothes washers. Based on the
DOE estimations, no efficiency improvements are projected other than that
affecting water usage. Table R-IX indicates the PECO forecast for washers.
All three forecasts project a 1988 usage of 103 kWh/washer.

SUPPLEMENTARY HEATING (INCLUDES PORTABLE AND AUXTLIARY HEATERS}*

I. SATURATION GROWTH AND ENERGY USAGE

Little data is available, nationally or locally, for this appliance. The
1977 PECO Survey indicated the saturation in households on Rate R was 11.5%,
with a majority of the units located in bathrooms and bedrooms. The total
number of units per household ‘was measured at 1.13 units.(75) Data concerning
the average wattage per unit was not sought due to potential survey EITOTS .
. Also ‘data concernlng the usage habits was not determined.

The PECO forecast accepts the 11.5% saturation rate and assumes for 1977
an average use of §00 kith per year per household. The latter figure is based
on an average wattage of 1,000 and 600 hours use per year, which is slightly
less than one-na - =d Tor a central heating system. For
1988, the forecast projects a saturat1on of 19.5% of Rate R households (17.4%
of all households), and an average use of 575 kWh per Rate R household. Since
a majority of supplemental heaters are already 100% efficient, the energy re-
duction factor is due to changing customer’s habits and curtailments in use due
to improved bulldlng insulation.

ASupplementary heaters are defined as electric heaters which are used to supplement
existing fossil fuel heating systems, such as a portable electric heater in a cold
bedroom. Auxiliary heaters are defined as units which are used as the sole nheating
system in a room where no other heating system is available, such as a baseboard
unit or a window heat pump in a newly added room.
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HEATING AUXILIARIES

I. SATURATION GROWTH

The PECO model assumes that all households without electric space heating
are heated with either a central plant forced air system or a central plant
boiler system.

A few systéms on line may still be natural draft or gravity systems or
even self-ventilating systems. In the future, such gravity systems will be -
removed as older units are either replaced with forced systems or are completely
abandoned. The gain in such sales would be minimal.

IT. ENERGY USAGE

The energy usage for 1977 is based on 340 kWh for a gas heating system and
510 kiWh for a fuel oil system*. Based on the results of the 1977 PECO Survey,
the weighted average for heating auxiliaries is 419 kWh. By 1988 this value is
reduced by 5% to account for smaller units coming on line and better insulated
homes. .For reference, EEI's 1977 Guide estimates a furnace fan usage value of
650 kWh based on 500 watts of connected load.(78) EEI's usage is based on
1,300 hours of operation which is equivalent to the PECO estimate for heating
usage.

The low range and base case both project a 1988 usage of 400 kWh/unit while
the high range projects 419 KWh/unit.

*These values were obtained from a report prepared by the Applications Department
of PECO. (45)
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TRANSPORTATION - ELECTRIC

I. SATURATION GROWTH

Of all the appliance applications, the estimated growth of electric vehicles
(EV's) is by far the most speculative. The one saving factor is that since
battery recharging will be made during the evening hours, the effect of electric
vehicles will be to increase PECO's daily load factors and not add additional
load to the generating peak. (144)

The Delaware Valley Regional Planning Commission (DVRPC) projects an
automobile per capita ownership rate for the year 2000 of .45.(145) Applying
this rate to PECO's 2000 population forecast of 4 million, results in an auto-
mobile projection of 1.8* million cars. In EPRI's EV study, they project for
2000 an 11.6% EV penetration for both New York and Chicago.(146) Applying this
penetration to PECO's total auto projection of 1.8 million vields a PECO EV
forecast of 209,000. When compared to EPRI's projection for the following four
cities, it would appear that PECO's forecast may be somewhat low.

New York - 1,180,000 electric automobiles; Los Angeles - 1,040,000 electric
automobiles; (Chicago - 724,000 electric automobiles; Washington, DC - 311,000
electric automobiles. It is noted that the Washington projection is based on
an EV penetration of 9.2%.

The major problem (assuming the year 2000 forecast is adequate) is the
development of the growth curve necessary to estimate the annual penetration of
electric vehicles. For 1978, PECO estimates that there are probably less than
fifty 'electric cars that are charged on Rates R or RH. PECO estimates that no
real electric car sales will be realized until 1985, when the zinc-chlorine
battery should be available. This assumption is in line with EPRI's pessi-
mistic scenario. By 1988, PECO projects 43,000 electric cars for a household
penetration of 3.2%. By 1990, PECO projects 71,000 EV's which is about 3.7% of
EPRI's 1.9 million national pessimistic scenario for 1990. A Federal Power
Commission survey, published in a 1978 Lead Industries Association paper,
reports a- 1990 forecast of 38 million electric vehicles(147), substantially
larger than EPRI's forecast. On the conservative side, SRl International
projects 15950 EV sales at only 60,000 vehicles while annual sales in 2000 will
grow to 600,000 EV units for an estimated total on line of 2% to 3 million
units(148), roughly one-quarter of EPRI's estimate.

Finally, in a survey conducted by the EV Council in 1976, it was deter-
mined that 42% of the respondents said they would be interested in an electric
car.(149) Also, big city residents indicated a higher interest rate than rural
areas. This latter factor would add support to PECO's forecast.

*DVRPC year 2000 planning program, published in December 1877, confimms this
auto ownership projection.
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I1. ENERGY USAGE

Many estimates have been made regarding the eventual total eléctric usage
of electric cars. Long Island Lighting Company is presently using two $3,000
electric citicars, which are sub-compact, two seaters, Both of these 1,200
pound cars average .3 kWh/mile. The NCR Company in their test program had
similar results.(147) The citicar is described by Mr. William Simmons, the
Auto Editor of the Philadelphia Inquirer, as ''...little more than an enclosed
golf cart"*,' Mr. Edward A. Campbell, executive secretary of the Electric
Vehicle Council reports the electric usage of an electric car will average
about 5,000 kWh/year.(151) Mr. Jalal T. Salihi of EPA suggests an average of
.64 kWh/mile or 6,440 kWh/year.(152) In a recent advertisement by LVA/Chloride
Corporation of Cleveland, they state an average energy consumption of .6 kWh/mile
for their two-door ''Change of Pace" electric car. (153)

The 1978 EPRI study projects, for the year 2000, an annual usage in the
range of 4,330 kWh for electric cars in Los Angeles to 4,575 kWh for Washington,
DC. New York and Chicago are both estimated to use 4,480 kWh/year. These
estimations were based on the size of vehicles presently being used in these.
cities. EPRI's average kWh/mile ratio decreased from .52 in 1980 to .47 in
2000 with the average annual mileage in the 9,500 range. (146)

PECQO's forecast projects an annual use in 1981 of 2,000 kWWh/car increasing
to 4,500 kWh/vehicle in 1989 and kept constant thereafter., These values were
based on assumptions that early electric cars would be of the two seater
"Citicar' type using about 7,000 miles/year (19 miles/day) at 0.3 kWh/mile.
Later models would be using about 9,000 miles/year at 0.5 kWh/mile. This
latter figure is equivalent to EPRI's study.

- *This description was repeated by the Wall Street Journal. (150)
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LIGHTING

I. SATURATION GROWTH
All living units are projected to have lighting locad.
II. ENERGY USAGE

In Dr. Williams' study for New York City, he states, "Acquiring lighting
usage data requires rewiring houses to place all lighting on special monitored
¢ircuits and is thus very expensive. Since we are unaware of any more recent
information, we have relied on ... 1959 data.'" Dr. Williams projects that from -
1959-to 1970, lighting usage per household grew by 1.8% per year for a 1970 -
lighting load of 661 kWh/year/household.* Based on data obtained from General
Electric, Dr. Williams states that GE's estimated lighting use for 1973 is 4
1,130 kWh per household. (55)

For 1968, the Stanford Research Institute estimates 730 kWh/year of .
lighting load. This was based on assuming an average household used five 100 —
watt bulbs burning four hours per day. The ADL study estimates that the average
lighting consumption per household in 1970 was 760 Kkih. (77) )

In PECO's view, these estimates are no longer valid. In fact, Dr. Williams
in his study strongly suggests that lighting usage was substantially reduced in
1974 and 1975. PECO survey !data also supports Dr. Williams' conclusion. It
appears that as a conservation measure, lighting curtailments have been those
most used and most visible.(75%,82,154) The following lighting estimates were
made by PECO for 1977.

Standard Time Lighting Wattage and ﬁaily Use
Months - 183 Days Singlle Homes Row Homes artments _
Living Room 250 Watts @ 5 Hrs 200 Watts @ 5 Hrs. 150 Watts @ 5 Hrs.
Kitchen 100 Watts @ 2 Hrs. 100 Watts @ 2 Hrs. 75 Watts @ Z Hrs.
Master Bedroom 200 Watts @ 1 Hr. 175 Watts @ 1 Hr. 150 Watts @ 1 Hr. -
Additional Bedrooms 200 Watts @ 1 Hr. 150 Watts @ 1 Hr. 100 Watts @ 1 Hr.
Miscellaneous 100 Watts € 1 Hr. 100 Watts @ 1 Hr. 50 Watts @ ] Hr. :
Exterior Lighting 75 Watts @ 2 Hrs. 50 Watts @ 2 Hrs. None !
Daylight Saving Time Months - 182 Days (assumes about a 50% reduction)
Estimated Energy j -
Use Per Year 575 kWh 464 kiWh 330 kiWh

f

*Based on aﬁ average size houysehold of 891 square feet and 2.77 people per household.
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Based on the estimated breakdown of the housing mix on line, the average
lighting kWh/household in 1977 would be:

(.519 X 575) + (.309 X 465) + (.172 X 330) = 500 kiWWh/household

Based on the assumption that the average existing single home is 1,300
square feet, a row home is 1,000 square feet and an apartment is 800 square
feet; the average living unit size would be 1,120 square feet.

(.519 X 1,300) + (.309 X 1,000) + (.172 X 800) = 1,120 square feet

- This estimate compares favorably to Dr. Williams' 1973 national estimate
of 1,185 square feet*, PECO's 1977 total lighting use per square foot is .446
kWh/square foot (500/1,120), compared to Dr Williams' value of .74 kWh/square
feet for 1970.

Based on conversations with our field personnel and local building con-
tractors, the PECO model projects new construction at the following rates:
single homes 1,500 square feet, townhouses 1,200 square feet and apartments 900
square feet. These are conservatively low estimates and additional study is
needed to adequately measure actual home sizes (see the Residential New Con-
struction Section}.

Based on new construction additions and losses due to abandonments, the
"average size home in 1988 is 1,130 square feet compared to 1,120 square feet in
1977. Based on a constant interior lighting load of .421 kWh/square foot**,
the interior lighting forecast for 1988 is 476 kiWh compared to 472 kWh for
1977. .

1,130 square feet X .421 kiWh/square foot = 476 kWh/household

Because of the growing awareness of security lighting and the positive
effect increased lighting has in decreasing crime, the PECO forecast estimates
that by 1988 the use of exterior lighting will grow from 28 kWh/year to 49

kWh/year.

Based on these factors, the 1988 PECO forecast for lighting is 525 kWh/
household. The total kiWh/household per square foot value is .465 which is 4%
higher than our 1977 estimate and 37% below Dr. Williams' forecasted value.
ADL's forecast for 1990 is 760 kWh per household, which is 45% higher than
PECO's forecasted value.

*ADL estimates for 1970 a national household average of 1,196 square feet increasing

to 1,240 square feet in 1990.
*%500 kWh/household of total 1lighting less 28 kWh/household of exterior lighting.

Interior lighting load equals 472/1,120 = .421 kWh/square foot.
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One factor not considered in PECO's forecast is the potential effect of
-increased lighting efficiency due to the introduction of one or more of the
high efficiency lighting sources. The PECO model does not believe that any
significant advances will be made in this area for the following reasons:

The Duro-Test Corporation has indicated that their energy-saving bulb
should be available in 1979. Mr. Lawrence Johnson, Duro-Test vice president,
is quoted by the Philadelphia Bulletin, 'A 100-watt bulb with the new coating
would consume approximately 40 watts of electricity while still maintaining the
light output of a conventional 100-watt bulb'.(155) Duro-Test indicated the
cost of the bulb would be ten times the cost of an ordinary bulb.

Without any data on the life span of Duro-Test's bulb, it is impossible to
calculate the cost effectiveness of their claims; however the Killer Watt
Corporation of Los Angeles has recently introduced their Killer Watt fluores-
cent bulb which, with an adapter, can be used in any incandescent lamp*.

Killer Watt's 125-watt bulb, which uses only 44 watts of power (as per their
advertising literature), costs $32.88.(156) Killer Watt claims an eight year
bulb life as compared to a six month life of a conventional bulb. It is
difficult to believe that many people will be willing to spend $33 for a

single 125~watt light bulb. PECO's cost analysis indicates a payback period of
six years and three months assuming the cost of money is zero. If the cost of
money is included, there is no payback. :

Finally, there has been much discussion regarding the Holister Litek bulb.
Thls bulb is still being developed in the laboratory and is not projected to be
$} in the marketplace before 1982. Again, this bulb is projected to cost about
10. .

Based on the facts :at hand, PECO does not believe that any significant
mmber of low energy bulbs will be in the market during the forecast period
ending in 1988. It is also noted that the DOE standards also omits any mention

of a high efficiency incandescent bulb.

*Assuming there is suffidient physical room for the circular type bulb.
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MISCELLANECUS APPLIAMCES

This category includes all those appliances not specifically described in
the other categories and those future appliances not vet invented or introduced
to the public.

ENERGY GROWTH

In 1968, stanford Research Institute had estimated an annual consumption
of 320 kWn/nouséhold. (77} The ADL study indicated a 1970 miscellaneous usage
of 469 kivh/tousehold. (48) For 1977, BECO's model estimates a miscellaneous
usage of 480 kWh.

For the future, PECO projects a growth rate of 4.8% per vear per house- -
hoid. VWhen calculated on the same basis as the ADL study, both projections
equal a growth rate of 3.5% per year.

This "appliance category' includes the multitude of small appliances from
electric clocks to all the various kitchen and general use appliances such as
food mixers, hedge trimers and hair dryers. Reginald H. Jones, Chairman of
General Electric, stated that 45% of GE's houseware sales in 1976 came from
products that were not offered ten vears ago. By 1987, Mr. Jones projected
that as much as 60% of GE sales will come from products not now in produc-
tion. (102) )

Some of these 'potential growth products'' are: Electronic TV games, TV
video recorders, ultra-wide TV hcme theaters, home computer centers, microwave
ranges, an ever expanding number of new kitchen apnliances and a host of new
personal comfort and entertainment items.(157,158) Also included in this
category are those appliances not yet invented or introduced to the public.
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SINGLE-POINT METERED APARTMENTS

For the period 1979 to 1981, this market segment was projected to produce
an additional 3,000 living units, all in the electric heat new constriuction
category. Because of possible future DOE or PUC restrictions, the increased
utility charges to HI customers and desire by developers to transfer utility
costs to apartment renters, no further construction growth was anticipated in
this market..

CONOWINGO POWER COMPANY

New construction for the 1979-88 period is estimated to average 500 umits
with the electric heat market averaging approximately 400 units per year.
These judgments are based on an analysis of Conowingo Power Company records,
opinions supplied by representatives of that district and a review of Cecil
County Community Economics Report. No specific range forecasts were made for
this PECO subsidiary.

The following is a summary of the tables and charts in the residential
section. The tables are in reverse numerical order so as to better portray the
actual preparation sequence of the forecasts from the development of population
projections through new construction and the development of appliance saturations
and usage parameters.

TABLE SUMMARY

Table R-XXXVI shows the relationship of dwelling units on system to total
population and female population. :

Table R-XXXV shows the population statistics on which Philadelpﬁia Electric
Company housing totals are based.

Table R-XXXIV is a summary of the housing activity through the forecast
period.

Table R-XOXIII lists total housing anticipated to be on system during each
forecast year.

Table R-XXVIII, R-XXIX, R-XXX, R-XXXI and R-XXXII show the estimated new
construction and electric space heating breakdown of apartments, detached
houses and townhouses by Philadelphia, suburbs and Conowingo.

1.

..

k.
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Table R-XXVIT zegments the oloctric hoating connscerions betwaen heat jnamy

i
and resistiance tvpe heating sysioms.

Table R-NXVT shows Jdetails of the nrojected electric space heating wmarket
for conversion from other fuels, including the estimated muier of heating
units duc for replacement each vear based on past construction data.

Tahle R-XXV combines eloectric hear new conatruction and conversion Jdura
for annual units added along with heat pump proicctions, as the hasis tor
develeping Ih values. leat pumps arc treated scparately because the ik
values are lower than those for units with resiztance heat.

Table R-XXIV indicates ua comparison of housing starns, Jdemolitions and
dbandonwcw.:, clectric heating penetration £0T now constructicn and the mumber
of electric heat conversions for the forecast pericds of 1979-1888 and 108si-
1998 for the hase, low amd high ranges.

Table R-XXITT provides single-point metdred apartment projéctions {rom
material furmished by Business Services. The load associated with rhese living
units is included in the Commercial and [ndustriazl sales category. Living unijt
projections arc subtracted From total dwelling unit requirements to obtain Rate
R customers (R, MM, RH and WiD).

Table R-\XTT shows residential air conditioning data and projections for
residences on U orates (R, R, RM).

Table R-XXI provides rcom cooler projections for-all rates.

Table R-XX gives central plant projections for all rates as well as the
total connected air conditioning load on the system.  The material on the above
three tables is described more fully in the separvate "Alr Conditioning' materinl
covered earlier in this scction.

Table R-XIX indicates for R rates for 1978, 1988 and 1998 the comparison
of air conditioning data (average Kiv/unit and average hours use for room
coolers and central units) for the three forecasts - hase, low and high.

Table R-XVTII shows use projections by appliances and applicarions for R
rates (R, RH, RM) for the system. This Eonns the main basis for the resi-
dential forecast. The dara and estimites establishing cach usc arc described
previously.

Table R-XVTT indicates the pCﬂCTTdT]Oh for cach appliance for lﬂxq and
the low, base and high ranges for 1988 and 1993.

Tables R-X, R-XI, R-NTI, R-NII[, R-3V and ®-XVI sum up the total use for
R, RH, M and WH for Svstem, Company and Conowingo. Table R-XTV summarizes the
hlnh and iow ranges for System. These tables also show numbers of customers
and average use. opace heating and air conditioning commonents of vonsumt ion
are shown on Tables R-X and R-NIV For Syvstom.

.
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SUMMARY CHARTS

Chart R-18 indicates the electric use of the residential markets from 1968

-to 1977 and projects the forecast to 1988 for base case.

Chart R-19 graphs residential electric usage by appliance class for
base case.

Charts R-20 and R'21 display the population pyramids for males and females
by age groups for 1977 and 1998 as developed from the Census Bureau's 1970 data
projected to 1976

Chart R- 22 shows the historical change in natural birth rates from 1925 to
present and the projection of the three current Census Bureau's birth rates.

All three forecasts use Series II birth rates.
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3.0 3.0 3.00 3.0 3.1
2.9 2.9 3.0 3.0 3.0
2.9 2.9 2.9 2.9 2.9
1978 1979 1980 1?81 1982
7633 8023 8230 BA70 6742
MHKWH FOR 1977 AND

1974

S G SN |

| D

FRILADELFHIA ELECTRIC COMPANY SYSTEH

(RATES RrRHe®H)

FROM
1982 19831 1984 1985 1984 (1987 1988

3.4

3.4 3.5

3.5 3.5 3.4

3.6 3.4 3.7 3.8

3.6 3.4 3.7 -3.8 3.7

-5 3.5 .5 3.5 3.4 3.3 3.2
3.4 3.4 3.4 .4 3.3 3.2 3.0
3.3 3.3 3.3 3.3 3.2 3.1 2.9
3.3 3.2 3.2 3.2 3.1 3.0 2.9
3.2 3.2 3.2 3.1 3.0 2.9 2.8
3.1 3.1 3.1 3.0 2.9 2.8 2.7
3.0 1.0 3.9 2.9 2.8 2.7 2.6
3.0 2.9 2.9 2.9 2.8 2.7 2.4
2.9 2.9 2.8 . 2.8 2.7 2.4 2.5

TOTAL MHKWH

1983 1984 1985 19846 1987 . 1988 1989

ARE NORMALIZED.

Table R-XT

9038 9353 9664 10052 10428 10807 11170

I~ § I i~ | S |
- HaSE DAS
1789 199G 1771 1993 1793 1974 1wy

b WHEN USING THIS rabiE. CHDOSE 1

IOTHE STARTIMG YEAR FROM THE TOF )

| MARGIN-> SELECT THE ENDING YEAR

| FROM THE LEFT ntARGIM: WHERE |

| THEY TIHTERSECT 70U WILL FIHD !

| THE CCHFOURIt GRDWTH RATE FOR }

I THATI FERLOD. ’ |

| EXAMFLE: FROM 1978 TO L9988 THE |

\ CimFuUMN GROWTH FATE |

1 s Bo3%. |
.0
2.9 2.8
2.8 oy 2.4
a7 2.6 JUS .0
2.7 1.4 2.4 2.5 .5
2.4 2.5 205 2 2.3 pLp
2.3 2.5 2.4 .3 2.3 2.1 iy}
2.9 2.4 2.3 2.2 2.2 21 2.0
2.4 2.3 oz oL S | 2.0 2.0

1999 1991 1992 1093 19%a 1975 1994

11505 11824 121357 12444 10755 13035 13509

R & F DEFT.
LECEMBER 1978

k.

tefra 1yey

R IV A

13565 130t4

B86E



P
(9%
1977
TQ o
78 0.0
Ial [
80 1.0
81 1.0
a2 1.1
83 bl
u4 [
HO) 1.4
4 1.4
7 1.4
38 1.4
Uy 1.4
v 1.4
7t 1.3
i LI
K It .
?4 1.1
95 1.0
Ye 0.7
Q7 0.4
w3 o7
1977 197y
8914 6970
TUTAL HHKWH

1978 1979 1
oGO
1.1 1.1
1.1 1.1
1.1 t.2
1.0 1.3
1o 1.3
[ 1.4
o4 ) I
1.5 1.5
1.5 1.4
1.9 1.4
1.4 1.4
1.3 1.4
HI 1.3
| g Lz
1.1 [
1.9 b0
0.7 a.v
G.f 0.8
[V 6.7
197% 1980
7010 7119

FOR 1977 aAND

PRO

1941

7199
19786

FharnliLlirnin el il LURrRikY oYfolert

RESIDENTIAL FORECAST -~ hoKWH BASE CASE
COMFOUHR GROWTH RATES — %
{RATES FKrWH)
‘ FROM
1981 1981 1983 1984 1985 198BS 1YHE? 1908 EVHY  [Uvo 18w (wyts Lwws VR FVH
POUBEE USTG THES ondll . LHOOSE
1 IHE STARTING YEAR FROM THC gl 4
L ooARGIRy SELECT THE ENOTLI0 YEAK |
I FROH THE LEFT MARGIMy WHEKE b
IOTHEY INTERSECT YOU WIL) Flun |
b THE COHPOUND GROWTH EATE FOR I
1.3 I THAT PEKTLGL. |
POEMANFLE: FROM 1978 10 1986 I !
1.4 1.5 ! COMPOURTT GROWTH kATL )
i 15 .5, !
1.5 1.5 1.7 - - - b e e C e e . -
1.6 1.7 1.7 t.a
1.7 1.7 1.4 1.9 2.0
1.7 1.8 l.u 1.% 1.9 1.9
1.7 1.7 1.8 1.4 1.0 1.7 1.4
1.6 1.7 1.7 1.7 1.7 l.6 1.4 1.
1.3 1.5 1.4 1.6 [ 1o [ Loy Db
1.4 1.4 1.4 1.5 .3 it [ Ly [ L
1.8 1.3 1.2 1.3 ! 1.0 Do & Ul ) [T
L. 1.z L) 1 1.3 [ 4.7 .h o4 v 1o ]
1.1 1.1 1.0 1.0 4 0.7 G.& 4 Ted Wb Y L
1.0 1.0 0.% G.8 0.7 0.8 0.5 o G.l 2.0 -0 S ) J.3 0l
il 0.7 0.8 0.7 ) 0.5 6.3 . L R R ‘- =04 =00 -Gy
0.8 5.7 0.7 AP 0.5 D.4 0.2 U R T L TS T
0.7 0.4 2.4 0.5 4.4 0.3 0.1 ~0.g -001 -y LI R ¥ B R I VIR R
TUTAL HHMKUWH
1982 1983 19B4 198G  19B4  1¥U7  tPUO 1909 1990 199y 14 E295 0 1%va vl Ivys
7293 7402 7526 7443 7814 7959 BOOE Ylua B2UE  WIYY WHEN OE0S u9R ynsn als
ARE NORMALIZED. K & 1 bEi,
Table R-XII LECUMABLL 1975
i ! ~1 ! ] 2 } ! } ] ! }

1¥v45

[ M

uiha

lLey s

1347

B8O

D
&

[



Tu

79
820
81

83

g4

84
g
ag

89

1977

736

o TOTAL
oo

1977

17.3
15.6
4.7

14.4

10.3

1978

843

HMKRWH

1978 197Y  IY¥80 1981
13.9
13.5  13.0
13,8 13.7 14.4
13.9 13.8 14.2 14,1
13.5 13.4 13.8 13.5
13.3  13.2 13.2 12.9
2.9 12.8 12.7 12.3
12.4 12.5% 42.%4 12,0
12,4 12.7 12,1 1.7
12,2 12,0 11.8 11.5
11.9 11,7 $1.6 11.2
11.7 11,5 11.3 11.0
11.4 11.2 11.1 10.8
T11.2 11,0 19.9 10.5
11.0 10.8 10.6 10.3
10.8 10.4 10.4 10.1
10.6 10.4 10.2 9.9
10.4 10.2 10.0 9.7
10,1 9.9 9.8 9.5
9.9 9.7 9.5 9.3
1979 1980 1981 1982
983 1111 1271 1450
FOR 1977 AND 197B ARE N

(RATE RH)
FROH
1982 1983 1984 1985 1%B4 1987 1984
1.8
12.2 1.7
11.7 11.2 10.7
11.9 11.0 10.7 10.4
11.2  10.8 10.6 10.5 10.3
11.0 10.7 16.5 10.4 10.2 10.1
10.8 10.5 10.3 10.2 10.0 ?.¢? 9.7
10.6 10.3 to0.1 F.7 ?.8 ?.6 7.3
10.4 10.1 9.2 9.7 ?.9 9.4 7.1
10.2 2.9 2.7 7.5 2.3 7.2 5.9
{0.0 9.7 ?.5 ?.4 2.2 ¢.0 8.8
2.8 ?.3 9.3 g.z ?.0 8.3 B.8
9.6 7.3 9.1 2.0 8.8 8.6 .4
7.4 ?.1 8.9 8.8 8.6 8.4 8.2
g.2 8.9 8.7 8.5 8.4 g.2 7.9
?.0 §9.7 8.5 8.3 8.2 B.O 7.7
TOTAL MHKUH
1983 1984 1985 198;__I;;;__;;88 1789
1636 1827 2023 2238 2aa7 2719 2984

ORMAL IZED. Table R-XIH .

2982

{ 1 { ( { ~ {~ f
BASE CASE gg
)
1989 1990 1949 I 172473 1Y% 4 1% tets 1997
| WHEM USTHG THIS TABLE, CHOOSE |
I THE STARTIMNG YEAR FROM THE TOF |
I MARGEN, SELECT THE ERDING YEAK |
| FROM THE LEFT MARGIN: WHERE !
I THEY IMTERSECT YOU WILL Fiep |
| THE COMFGUNDP GROWTH RATE FOE |
I THAT FEKION, I
| EXAMFLE: FROM 1978 TO 1988 THE |
i COMFOUNL GHOWTH BATE |
P 1§ 12.3%. i
G.0
.4 8.7
8.7 8.5 B.a
9.9 B.4  B.3 @.u
8.4 B.2 8.1 8.0 7.0
8.2 8.0 7.9 7.7 7.5 7.
B.0 7.8 7.4 V.4 TLn Al 4lg
7.7 7.6 7.4 7.2 &% a.d4 H.4 6.7
7.5 7.4 7.2 7000 6.7 8.5 4.0 AL Al
1990 1991 1992 1993 1994 1995 1994 19¢7 1994
349 ITIL 3ULE 413U 4441 AVHO  S0YS  Sabi 5733

F & F DEFT.
UECEMBEL 1478



HESIDENTIAL GALES - RATES B, RH, RM, WH
HIGH AND LOW RANGES 1979-88

979 1980 1981 1982 1983 1984 1985 1986 1987 1968
RATE RH i
Customers - AVgE. i'l,(_l!)'ag - Bigh %8.3 57.B 9.5 83.7 99.8 nuy.6 137.1 157.7 179.6 202.
Customers - Avg. (1,000'a} - Low k2,1 bs5.8 9.4 53.2 57.2 61.2 65.1 9.1 72.9 76.
Avg. Anpuel Use {kun; - High 21,820 21,970 21,880 21,680 21,660 21,830 21,990 22,180 22,300 22,400
Avg. Annual Use (KWh) - Low 21,000 20,790 20,590 20,300 19,980 19,70 19, k80 19,250 19,080 18,990
Sales - kWh nil.liona; - High 1,054 . 1,270 1,521 1,815 2,165 2,567 3,015 3,498 4,005 4,537
Bales - kWh (millioms) -~ Low 684 952 1,017 1,080 1,143 1,206 1,268 1,330 1,391 1,451

RATRS R + RM (INCLUDING WH)

Customers - Avg. 1,000-;; - High 1,119.4 31,1249 1,130.4 1,135.3 1,139.0 1,1%0.6  1,140.0 1,137.9  1,133.0 1,125.
Customers ~ Avg. (1,000's) - Low . 1,101.8 1,100.0 1,096.1 1,093.0 1,089.5 1,086.1 1,082.6 1,078.3 1,073.3 1,067.
Avg. Annus) Use {hWh) - High - 6,420 6,5h0 6,680 6,860 7,040 7,230 7, k0 7,680 7,940 8,210
Avg. Annusl Use (kWh)} - Low 6,280 6,260 6,260 6,240 6,210 6,190 6,180 6,170 6,180 6,190
Bales - kWh (millione) - Eigh 1,192 1,361 7,546 7,783 8,023 8,243 8,476 8,731 9,000 9,240
Sales - kWh (millions) - Low 6,930 6,904 6,064 6,819 6,770 6,726 6,687 6,657 6,635 6,613
TOTAL RESIDENTIAL (R, RH, RM,WH)

Customers ~ Avg. (1,000's) - High 1,167.7 1,182.7 1,199.9 1,219.0 1,238.8 1,258.2 1,277.1 1,295.6 1,312.6 1,327.
Customers - Avg. (1,000's) - low 1,1%6.1 1,145.8 1,145, 1,1k6.2 1,146.7 1,1k7.3 1,1k7.7 1,147.4 1,146.2 1,144,
Avg. Annual Use (kwh) - High 7,060 300 7,560 7,870 8,220 8,590 9,000 Lhbo 9,910 10,1380
Avg. Annusl Use (kwh) - Low 6,820 ,860 6,860 6,80 6,900 6,510 6,930 2960 7,000 7,050

1 9

6 6

Sales - kWh (milliona; - High 8,246 2,331 9,067 9,558 10,188 10,810 11,491 12
7

35 13,005 13,777
Sales - XWh (millions) - Low 7,814 56 7,881 7,899 7,913 7,932 7,955

2
7,985 8,026 8,06k

BREAKDXWN OF SEASONAL LOADS
kWh {miliions)

Blectric Space Hesting - High (1) 593 694 814 951 1,110 1,279 1,460 ° 1,651 1,885 2,040

Electric Space Beating - Low (1) 515 553 590 627 665 703 738 73 805 835

Ar Conddtioning - Higp(2) 738 TI6 g2z 8768 942 1,008 1,077 1,150 1,226 1,299
. Alr Coditioning - Low 2) 661 641 619 597 575 564 553 543 536 529
< ST

All Other Loed - High 6,915 7,161 7,431 1,769 8,136 8,523 8,954 9,434 9,89 10,h38

All Other Loed - Low 6,638 6,662 6,672 6,675 6,613 6,665 6,664 6,671 6,685 6,700

{1} Base and supplemental.

(2) Rooa coolers snd central alr conditloning only.

681

Table R-XTV : ' R & F Dept. _
November 1978

B10¥
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ADDITIONS TO RH
KRATE RH

CUSTOMERS - DECEMBER (1,0007S)
CUSTDMERS - AVG. (1,000'S)
AaNNUAL AVG,. USE - KWH

BALES - KuWH (MILLIONS?

KATES K AND KM - INCLUDES WH

HET CHANGE 1~ CUSTOMERS
CUSTONERS - DECEMDER (1,00078)
CUSTORERS —~ AVG. (1,0007S)
ANNUAL AVG. UGE -~ KWH

ANNUAL AVG. KWH INC.

SALES — KWH (MILLIONS)

TOTAL RESTDENTIAL
ATITLONS - MEW CONSTR.
OTHER CUSTOMER CHAMGES *
HET CHANGE IN CUSTOMERS
CUSTOMERS - DECEMEER (1,00075)
CUSTOMERS - AVUG. (1+000'S)
ANNUAL AVG. LUSE - Kut
ANNUAL AVG. KWH INC.
SALES - KWH (MILLIONS)

34,4
320
23561
754

5673
1092.7
1089.9

563
293
7155

fa0z
644
10046
1127.1
11219
7050
393
7909

RATE WH — INCLUDEDL IN R & RM (CUSTOMERS

UNRESTRICTEU CUSTOMERS - AVG.
OFF-FEAK CUSTOMERS - AVG.
SALES — KWH (MILLIOHS)

* OTHER CUSTOMER CHANGES REFLECTS THE NET MUMBER OF REINTRODUCTIONS, DEMOLITIONS AND

?4.4
504

FHILADELFH1A ELECFRIC CUOMPANY

1978 1979
5830 5140
40.3 454
37.3 42,8

21344 21229
797 209
3570 kLY
1094.2  10%9.9
1094.%  31094.1
£333 6274
-332 41
6822 4890
11400 10500
-2000  -1700
9400 8800
1134.5 1145.3
1131.8 11409
5731 4B3S
-318 105
761% 7799

IN 1,0007G)

7.8 11.1
7.0 97.2
507 509

RESTDENTIAL SALES

FATES RrftHs W

52.3
48.8
21074
167y

4330
1104.3%
11821

5300

a3

5987

13500
=2209
11300
11546.4
L1G6G.9
4998
112
797

12.2
97.2

Sz

ab._h
4.5
20887
1181

5360
110%.7
1107.0

4387

45

7048

18500
- 24090
13900
11760.5
F163.5
7072
124
gz

13.3
97.3
504

TOTALS MAY NOT EQUAL THE SUM OF INDIVIOUAL FIGURES DUE TO ROUNDING.
1977 INCLUDES 333 MMKWH FOR CONVERSION FROM BIMONTHLY TO MONTHLY BILLING, AND ACTUAL WEATHER.

1978 TOYALS ARE BASED OM MINE MONTHS ACTUAL SALES DATA ADNJUSTEL FBR MORMAL WEATHER FLUS

THREE MONTHS OF THE 1978 RULGETED SALES.

Table R-XV

190300
-3100
L5700
L1044
1178.4
7207
13%
8493

1a.n
?7.E

003

1943

K&t

GE10
| L )
11184

5483

&5
7252

19000
-33500
15500
[T IS
bigg |
FAG3
146
8741

15.0
97.0
A7

10074

S04
85,4
2HHH
1711

4434
112508
23,6

HUuas

yu

P

1E500
-~ 4004
LAt
12144
1oy )
7518
16%
FOBH

15.7
P& .4
471

THE LAST

14450

1044
VAT
1?81y
Leosy

Ritiete)
F12G.7%
| DL

H4,64
PY
TI13

SEFARATIONS OF WLRING.

BASE GasE

BZ0Y

1P [ReH BRI
115140 Lireg 0 150
12.a 1250 138.35
106 .8 130,77
19719 P
2104
1590 =370
1130 .9 113004
110w, 7 113935
AHT6G G
11y 120
THED Rt IR

LE06O0 17550 L&S00

—auiHD 5400 Q00

151605 1100 HLon

17430 1255, 12882

: 120390 1080, 7

e gLl BEL0

L7y 2 ALY

FAL 19135 100508

a2 La.o ) 17

G4 P50 WG A,

A 477 A70 a1

E & F DEPT.
TIOVERRENR 1976
i i i { !



ADDITIONS TO RH

RATE RH
CUSTOMERS ~ LECEMEER
CUSTOMERS - AVG.
ANNUAL. AVG. USE - KWH
SALES - KWH (1000°'5)

RATES R AND RM - INCLULES WH
MET CHANRGE IN CUSTOMERS
CUSTOMERS - LECEMBER
CUSTOMERS - AVG.

ANNUAL AVG. USE — KWH
ANNUAL AVG. KWH INC.
SALES -~ KWH (1000°%)

TOTAL RESIDENTIAL
ADRITIONS - NEW CONSTR.
OTHER CUSTOMER CHANGES =
HET CHANGE IN CUSTOMERS
CUSTOMERS - DECEMBER
CUSTOMERS - AVG.

ANNUAL AVG. USE - KWH
ANHUAL. AVG. KWH INC.
SALES - KWH {100075)

FATE WH - INCLUDED IN E & RN
UNRESTRIC%ED CUSTOMERS - AWG.

UFF-FPEAK CUSTOMERS -~ AVG.
SALES — KWH (100079

AETUAL
1977

§ .
CDNDN}NGUIPUUEH

l

LOMFA

NY

2804
2689
21978
59100

377
18440
18274

7792

142400

421

71

562
21244
20963
Pa12
264
201500

318
4108
17200

3124
29464
22335

446200

280
18720
18580
7995
162
147800

400

400
21844
21544

9933
321
214000

345
4109
17300

3364

3244
22719
73700

140
18880
18800

7995
40
150300

200
=100
400
22244
22044
10142
228

24000

360
4110
17500

3624
3494
23383
81700

140
17020
18950

7984

-11

151300

500
~100
400
224644
2444
10381
220

233000

3465
4120
17460

3884
3794
23974
2H000

140
17140
19070

7910
~74
151000

500
-100
400
23044
22844
19550
168
241000

370
4130
17300

* OTHER CUSTOMER CHAMNGES REFLECT THE NET NUMEER OF REINTRODUCTIONS,

LSt

Table R=-XVI

4164

4024
24475
YHS00

120
12280
173226

76830

-80

150500

500
=100
A00
23444
23244
10712
1463
247000

375
4140
17200

4474
4319
24821
107200

20
12370
19325

7752
=79
149800

500
=109
400
23844
23444
10870

137.

257000

330
4150
17000

DEMDLITIONS AND

4804
4537
24941
115700

70
19440
19405
74694
-58
147300

500
-1i00
A00
24244
24044
11021
152

255000

385
4150
15200

SEFARKATTUNS

BASE (ASE
1985 1936 1987
350 370 430
5154 5544 5974
4979 5349 5759
24705 24696 24327
124000 122100 140100
50 10 ~30
19430 195060 19470
19445 19495 19485
7704 7793 7950
1z gs 158
150005 151900 154900
500 500 500
~-104 -100 -100
400 400 400
PASA4 25044 25444
24444 24844 25744
117209 11431 11486
184 200 255
174000 284000 295000
390 395 400
4170 4180 4190
16900 16800 146300
DF W1RLNG.
. & F DEFT.
AUGLST 1270

5414
4194
23894
140000

~140
19330
19378
8154
204
158000

400
-100
300
25744
23572
117466
280

306000

405
4200
14809

egov



404a

Refrigerators
Freezers

Ranges

Clothes nyers
Clothes Washers
Dishwaghers

Water Heaters

TV's

Room Cooclers#
Central Air
Dehumidifiers
Electriec Heat
Heating Auxiliaries
Supplementary Heat

 Transportation

Lighting - XWh/Cust.

Other - kWh/Cust,

FHILADELPHIA ELECTRIC COMPANY SYSTEM

" APPLIANCE PENETRATION
RATES R, RH, RM

1978 1988 ' 1998
| Low Base High Low Base High
116% 1229 130% 133% 1304 128% 138%
26% 32% Loz Lhg 37% k3% 51%
374, Lod  bbg 474 L4 bt 5k,
36% b3y b7% 5h% L8y 504 604
% T8, 8% 85% 78 B1% 874
36% Leg Loy 55% 52% 56% 65%
244 19% 20% 25% 23% 27% 364
179% 179% 179% 179% 179%  179% 17%
3% 1% 35% k1% 3% 35% L%
16% 204, 30% 33% 27% 34% L%
4% 18 19 4% 1% 20% 30%
3.5% 7% 11% 15% = 10% 22% 32%
%% 93%  89% 85% 90% - T8% 68%
12% 16% 17% 2Lg, 18% 19% 27%
of 0.5% 3% 7% 6%  13% 21%

502 L8o 525 600 L60 500 - 660
k83 Lko 805 990 845 1,100 1,320

#*Assumes three room coolers/living unit with air conditioning.

158

Table R-XVII " R & F Dept.
: December 1978
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OWELLING
(RrRHR

REFRIGER
FREEZERS
RANGES
CLOTHES
CLGTHES
BISHWASH
WATER HE
TELEVISI
ROOH COO
CENTRAL
DEHUMII L
ELELC, HIT
HIG AUXI
SUFFLEME

TRANSFOR

SUR T

LIGHTING

OTHER AP

ANNUA

TOTALS
1974 -

FHILALELFHIA ELECTRIC COMPAMNY SYSTE:

1978 1979 1980 1781 1982 1¥83 1984

UNITS 1166 1175 1186 - 1199 1214 1230 1244
M3

ATORS - UNITS 1353 1372 1398 1428 1442 1497 1535

KWH 2325 2347 2406 2441 2477 2512 2550

- UNITS 300 314 331 352 376 402 429

KWH 407 421 437 457 479 S03 527

- UNITS 429 437 447 459 474 4790 S04

KWH 300 304 313 321 332 343 354

BRYERS - UNITS 420 434 453 472 491 H512 533

KW 413 431 447 443 480 499 G917

WASHERS - UHITS 06 2?15 924 249 P57 976 ?9s

KuWH 23 94 59 97 9% 131 103

ERS - UNITS q18 433 451 471 494 418 a4z

KWH 150 154 154 162 147 172 1?77

ATERS - UNITS 1460 148 176 185 195 204 214

KWH 745 799 832 854 894 Y19 743

DNS - UNITS 2091 108 2127 2148 73 2201 227

KuWH 493 474 451 432 415 403 3y

LERS - UNITS 1053 1063 1081 1109 1144 1161 1217

KuH a98 284 278 257 2462 T 201

ALK - UNITS 185 199 s ¥ 234 250 277 301

KUK 392 424 448 475 505 537 A

FIEKS - UHITS 1467 173 180 188 197 204 216

KWH 463 5 &7 a9 72 74 74

- (RH) - UNITS 40 44 52 50 70 B8O 20

. KWH 422 4746 537 613 499 771 843

LIARIES ~ UNITS 11248 1129 1134 1139 1145 1150 1156

KWH 470 470 45% 44y 469 471 471

ATAKY HT. — UNLITS 140 147 124 163 172 182 192

KWH 84 87 ?1 ?6 101 107 112

TATIGON ~ UNITS O 0 4] Q 0 1 3

KWH 4] 0 Y] o 1 3 9

OTAL ~ KWH 5£6BA4 4805 7030 7229 7451 7487 7934

~ KWH 58% S92 401 611 423 634 447

FLIANCES - KuWH 59463 574 599 629 1314 713 772

L TOTAL - Kui 7833 8023 8230 8470 8742 E4 XY Y508

HAY HDT EQUAL SUM OF INDIVIDBUAL AFFLIANCE M-MKWH DUE TO KOUMLING.
kWil ARE NORMALLIZEL.

Table R-XVIII

15975
2590
454
548
a2
349
L)
G534
1014
10%
544
g2
228
67
2253
143
L2650
o4y
324
SV
ous
7%
to1
Er
115%
a7
201
117

5]

8192

430

P8B4

1984

1279

L0
11462
137
210
102
\7
&4y

IR P

RSV

1987

1287

1450
24652
SO0
SH2
554
388
S
573
10460
109
a10
193
247
102G
2303
3g2
1320
244
567
557
Zal
g2
179
1170
1142
&7
218
124
g

12z

4775

a74

R4

10428

1768

1299

1483
24HuB
518
593
L4%
K4
61%
89
107
111
33
127
294
Y
2308
KY-R1
1353
R 1
308
441
Ly
3
134
1275
Li&l
464
s
130
43
ey

kathle

3t N4

[RVE

1 OuL?

K & 17 DERT.
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1978-88 FORECAST
RESIDENTIAL ELECTRIC APPLIANCE USAGE
(Individually Metered Customers - Rates R, RH, RM, WH)

pats PHILADELPHIA ELECTRIC COMPANY SYSTEM Base Case §
o

Billion . Billion
kWh .
. _ kWh
10
9
9
8
B
7
7
6|
‘ 6
5
5
4
4
3 3
2
2
1
1

NOTES: Curves are cumulative R & F Dept

CHART R-19 November 1378
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PHILADELPHIA ELECTRIC COMPANY SYSTEM 407
AIR CONDITIONING FACTORS a
RATES R, RH, RM

Air Conditioning 1978 1988 1998

Room Cooler

Average kW/Unit

High 1.46 1.29 1.15
Base 1.45 1.20 1.11
Low 1,45 1.04 .83

Average Hours Use/Unit

High 200 200 200

Base 195 150 150

Low 190 140 140
Central Plant 1978 1988 1998

Average kW/Unit

High 4,82 . 4.10 3,90
Base 4.81 3,90 3.59

' Low 4.81 3.80 - 3,38

Average Hours Use/Unit

High 450 480 - 500

Base 450 450 450
Low 445 395 345
Table R-XIX R & F Dept,

November 1978

161



; FHILADELFLA LLECTRIC L0 ady oL ilin )
N T T e s e s TS Sm e s . fidaal sl
CEMTKAL PLAHT - RESIDEHTIAL ALt issnins .-

1977 1978 19V9 %0 199l 1¥T LPUT 0 twla 1w Ivas o 1Y 1voD
CENTRAL FLANT ARDITIONS (L,000758) 13 15 la 18 Jge) U Sa o ) s |
CENTRAL FPLANT KEPLACEMENT BARKET (1,000'S) 4 5 7 v 10 I 134 145 1 1y 1 i
CEMTRAL FLANT REPLACEMENTS (1,000'5) 4 5- 7 ] 10 11 L3 1% 17 1% Ry 2
CEMIRAL FLANT WET CHANGE 1N UNITS (1,0007S) 13 14 14 18 a0 20 Wkt a o4 v o 1
CENTRAL. PLANT UMITS ON LTHE (1,0007%) 193 207 220 239 258 avy 01 B S iil 33 11
TUTAL 108 WITH CENIRAL FLANT DR
LARGE TUNRAGE SYSTEMS (1,00078) - 207 M 236 253 272 2935 315 33 BH UG H07 108
E.E.R. — AVEKAGE UNIT SOLT 7.22 0 7.500 0 7.80 0 H.00  B.10 8.20 B350 BL30 0 t.an Dead fodn 0wl 4n
FTU - AVLERAGE UNLIT ADDBED 332000 31700 30200 22000 290040 29000 29000 2wH00 wrowd 290000 UYODO LYH0D
KW — AVERAGE UMLT AUDED Achh ALDE ALY ALLT 3.uB d.54 0 350 Bo4v %.47 0 3.4h% 0 Boa8 0 .4
E.E.R. ~ AVERAGE UAIT IN USE &.93  L.98  7.05  7.AS 7.2 F.EB 0 F.Av Fuan 0 L7 7.0% 0 Y.vaé O.0é
BIU - AVERAGE UNIT Id USE AXLTA O RAGAT BIJF27 A0V BUTAD 0 ZUAT0 0 s70LG 0 B3RO0 ElulY O BESS3 0 ZINI6 0 A141%
KW - AVERAGE UN1T 1IN USE 4.84 4.381 N.72 q.562 3.51 .90 3350 4. 00 L 4.03 Suva LI Ee
TOTAL MW CONHECTEY ~ CF & L1 1007 1052 1114 1149 1Z27 0 178Y 135G G423 1489 158 1210 1480

TOUTAL RESTOEMTTIAL AR CUHIECTIOAING MW - AL BATLS

CENTRAL TLART (1WRECLUVLES LARGE TORRAGE) 1007 1050 1114 1149 Y27 Loy 1350 R | aifs 15851

uHG FEd 1440
ROUH CUOLERS 1474 1841 1437 1419 1510 1411 1481% 180y La4a 1872 1701 Iy
TOTAL MW ~ RESINEHTIAL 24682 2713 araz 2788 2837 il 1y7a 3051 3135 Gl B33l SADF

CHNUOTES: SkM aND LAHSDHALE ARE LHCLUDEDR IN ALL FIGURES ON THIS FAGLE.
UNITS AKE AVERAGE UN1TS IH USE DUKING THE YEAR.
TOTALS MAY NOT EQUAL THE SUN OF INDIVIDUAL FIGURES DUE TO ROUNBING.
CENTRAL PLANT -~ REFERS TO INDIVITUAL ATIR CONMDITIONING UHITSy EACH UOULIRG OHE DWELETRG UMIT.
CENTRAL FLANT -— C_E.R.'Sr KW/7UNIT AHD TOTAL MW 1IAVE ALl BEEN ESTIHATED 10 '6CLUNE Fall LOADS
IN ACCORDAMCE WITH A-R.I. STARDARDS ADTOFTED JANUARY 1975

Table R-XX I8 & T DEFT.
AUGUST 1370
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ROOH COOLER ADGITIONS (1:0007S)

ROOHM COOLER REFLACEMENT MARKET (1,000'S)
ROOM COOLER REFLACEMENTS (1,000'S)

ROOM COOLER NET CHANGE IN UNITS (1,000'S)
ROOM COOLER UNITS ON LINE {1,000'S)
E.E.R. - AVERAGE UNIT SOLUD

ETU - AVERAGE UNIT ADDED

KW - AVERAGE UNIT ADLDED

E.E.R. ~ AVERAGE UNIT IM USE

BTU - AVERAGE UNIT IN USE

KW - AVERAGE UNIT IN USE

TOTAL MW CONNECTEDR - ROOHM CODLERS

1977

38

B1

~-19
1144
6.084
9100
1.33
4.57
2413

1.46

14674

PHILADELPHIA ELECTRIC COMPANY SYSTEH

1978

45
az

41

19729

118

83

1145

7.50

1.27

4.70

?578

1.43

1437

1980

6.88
o364
1.39

18619

NOTES: SFH AND LANSDALE ARE INCLUDED IN ALl FIGUKES DN THIS PAGE.

UHITS ARE AVERAGE UHITS IN USE DURING THE YEAR.

1781

48

139

TOTALS HAY NOT ERQUAL THE SUM OF INDIVIEHUAL FIGURES DUE TO ROUNEIING.

£91

Table R=-XXI

1782

a4

132

1411

1983

1984 1985
42 40
118 8y
112 8%
36 3a
1305 1341
5.20 8.25
500 FS00
1.16 1.1%
7.hé 7.78
PING LS5
1.25 1.23
1429 15446
Kk & F DEPT,

AUGUST 1978

1784

BASE CASE
1987 1988
36 34
40 a7
38 45
34 3z
1411 1444
§.35  8.40
9500 9500
1.14  1.13
7.92  7.v8
9552 9551
1.21 1.20
1763 1707

e60v



FHILADELPHTA ELECTRIL COMAlMARY SeSTER

NOTES: SPM AN LANSDALE ARE EXCLUDED FROM ALL FIGURES OM THIS FAGE.
UNITS ARE AVERAGE UNITS IN USCE DURIHG THE YEAR.
THTALS MAY RHOT EQGUAL THE SUM OF INDIVIDUAL FIGURES LUE 70 ROUNDING.

oy = bl LAGiE
s RESTRENTIAL AIR COWHDLITIONLING Of BAT skt - - -
1977 1974 L1727y [ 19801 Jreale 19U L2iet R4t [t 1y [ RN
AVERAGE DMELLING UNITS (1:00075) 1154 1146 1175 1186 11%¢ A ] 12050 fuad 120540 Lz iz 1Uyy
CENTRAL FLANT NET CHANGE IN UNITS (1,000'S) 10 13 15 14 18 S| o '3 23 o3 o it
CENTRAL PLART UNWLTS IN USE (1,00075) 171 124 199 215 254 Lt Y 300 Bia T BT a3d/7
KW - AVERAGE UN1T IH ULE 4834 4._41 4,72 4,42 3,51 LT LRI &0 LR 4.00 I.vé AL
HOBRYS USE - AVERAGE UNIT IN USE 4540 450 450 450 450 450 4u0 BT 43 istel 3254 g
KWH ~ AVERAGE UNIT 1N USE 2184 143 2124 2078 2030 izt 1735 1821 JRIFN ldla L2y QT
TOTAL MW CONNECTED - CCOWTRAL FLAHT B33 G006 P40 Y5 1455 110 141 1o, 1331 13%6 1454 Tl
ROOM CUBLER NET CHANGE 1d UNITS (1,00075) =20 -8 t 183 Mt i 3 i K3 34 44 S
ROOM CDOLER UNITS IWH USE (1.00075) 1041 10%5 10461 1079 1107 L1a2 N WA 121% L2 12005 PAL 13354
KW - AVERAGE UNIT [(# USE 1.44 1.4% 1.43 1.39 1.3 1.51 1.26G 1.5 1.7 1.0 1.1 [
HOUKS USE — AVERAGE UNIT IN USE 200 195 190 165 180 1% L/ [V Lo LGé 153 i
KWH ~- AVERAGE UHIT IR USE 293 203 272 a7 243 one 1Y 0 196 Lay 134 17
TaoTalL MW CONNECTED - ROOM COOLERS 1553 1529 1514 1501 1494 1avd 1504 1S 1535 1340 ayy Laia
" TOTAL MW CONNECTED - CF & KC 2385 2414 2454 23948 nEay 24617 24695 #7270 2844 e ATS 37 S12

CENTKAL PLANT -— E.E.R.'S, KW/UHIT AHD TOTAL MW HAVE ALL BEEN ESTIMATED 10 LNCLUDE FAHN LUADS
IN ACCORDAMCE WITH A.R.I. STANDARDS ADOPTED JANUARY 1975,

Table R-XXII i & F BEFT.
AUGUSLT 1976



UNITS ELECTRIC HEATY
AVERAGE USE - KWH

KWH (1,000’5)

UNITS NUN-ELECTRIC
AVERAGE USE - KWH

KWH (1400053

TOTAL NEW UNITS
Frtal. NEW RWHOL,00075)
BEMULLITION URLITS(1)

KWt {1,000743)

HIC &513 & 4599 EWH {MILILIONS)

(1) DERULITIONS TRCLUNE CHANGES FROM SINGLE POINT HETERED TO INDIVIDUALLY

(2) CORRECTED FOR WEATHER.
(3) CORRECTEDO FOR WEATHER AND

591

1977
477
18500

4400

7000

477
4400
100

200

780(2}

1978

1500
18500

13900

200

779(3)

FHILADELPHIA ELECTRIC COMPANY SYSTEH

7000

1000
23150
200

400

801

1980

1000

1000
18500
200

BOo

g1%

MINOR SIC RECLASSIFICATIDNS.

1981
1000

18500

1000

18500

300
1000

Table R-XXIII

1982

7000

1983

400

1400

RS

19834
0
L3500

o

<

7000

Q
[4]
400

1a040

BEa

HETERED AFAKTHERTS.

1985

00

1604

e

BASE CASE

1986 1987

O Q

19006 18300

4] ]

0 Q

7000 FOGY

o 0

0 U

Q O

300 u090

1800 2000

8933 Hcit]
Wo& F ONEEY .

NHOVERBER 1774

1948
0
LHGO0

)

BII¥



412a

PHILADELPHIA ELECTRIC COMPANY SYSTEM
RESIDENTIAL SUMMARY
RATES R, RM, RH

Average Annual Number of New Construction Living Units Built

Period Low Range Base High Range
1979-88 8,600 17,200 20,000
1989-98 . 6,300 13,600 15,800

Average Number of Demolitions and Abandonments Per Year

Period Low Range Base High.Range
1979-88 8,900 3,800 2,600
1989-98 9,400 5,400 4,900

Average ESH Penetration in New Construction Market

Period Low Range Base High Range
1979-88 33% 43% 54%
1989-98 38% 57% 75%

Average RH Conversions Per Year

Period Low Range Base High Range

1979-88 600 2,700 6,200

1989-98 1,000 8,600 14,100
Table R-XXIV R & F Dept.

Octobex 1978

166



£91

TOTAL NEW CONSTRUCTION - RH

RESISTANCE
HEAT FUMF

TOTAL

CONVERSIONS

RESISTANCE
HEAT FUMF

TOTAL

TOTAL RATE RH ADDITIONS

RESISTANCE
HEAT FUM#

TOTAL
ESTIMATEDL FERCENT OF KH

THSTALLING HEAT FUMF

ESTIMATEL AVERAGE SEASUNAL C.0.F.
UF "ADGITIONS (HEAT FUMF TO FURMACE?

ACTUAL
1977

1612

2452

4064

412
102

S14

2024 -

2354

FHILALELFHIA ELECTRIC COMFANY SYSTEM

HEW CONSTRUCTION & COMVERSIOR UNITS

1978

2090
3310

5400

b4y

1979 1980 1941 L0 1983
14690 2180 2730 3110 3670
2880 3780 4420 G120 5040
4570 5960 7350 8230 g110

sao 440 50 710 7720
230 520 80O 10460 1420
B30 1140 1450 1770 2w
2270 2820 3380 3820 3840
3130 4300 3420 46180 464450
5400 7120 800 10000 10300

S4.0 &0. 4 61.6 618 al.v

1.9 1.9 1.9 2. 2.9

Table R-XXV

1irtsa

ZH10

RN

AT Y]

Y70
1816

Bt

3500
SHLG

1irgirh

AF 4
[ P §

HOSE UAsE

19739 1794, 19457 1948
2410 2590 2510 REVLY
G140 54D Vv 10 S A
YL 1 1Y) ALY HEJEY

Jé0) vt &7 0 YR
Z270 3000 BHO AN
3030 3750 A4 L3YaO
3370 3340 3lan 2ran
7430 BOs0 ' 16740

104806 11700 12700 13700
6l 1. PAYIRR i a

2.4 P L L.

k& F BRI

SEPTEMBER 1974

BEIV



L4184

FHILADELFHIA ELECTRIC COMPANY SYSTEM
———————————————————————————————————— "BASE CASE
RESIDENTIAL ELECTRIC HEAT - RMERH
CONVERSION MARKET
FHILADELFHIA SUBURBAN - CONDWINGOD F.E. CO. SYSTEH
% ESH . % ESH “ ESH “ ESH RESISTARCE HEAT
YEAR HARKET ESH UNITS HARKET ESH UNITS HARKET ESH UNITS MARKET ESH UNITS HEATING FrUnE
ACTUAL .

1970 28000 0.7 197 24500 2.9 710 800 6.9 95 53400 1.8 L2 P62 G
1971 28000 0.9 141 25100 2.2 540 800 2.0 72 33900 1.4 773 773 4]
1972 27900 Q.4 112 25400 [ 222 80O 4.3 34 54100 0.7 348 3462 &
1973 27800 0.4 111 29700 1.8 A4S 200 %.1 82 244600 1.2 458 &47 11
1974 27700 0.8 223 26400 1.4 434 200 7.4 &7 99000 1.3 724 713 11
1975 27500 0.4 i72 24700 1.0 254 200 5.9 33 55100 0.9 479 474 o
1974 27400 0.3 90 26900 1.2 3i8 200 2.2 20 595400 0.8 428 410 18
1977 27800 Q.7 204 27400 1.1 291 900 1.9 17 %4100 0.9 Gi4 412 100

FOREEAST ’
1978 279200 . 0.5 150 27400 2.0 114 200 4.4 40 54200 1.3 750 340 194G
19279 28000 0.6 170 27500 2.3 &20 200 4.4 40 56400 1.5 830 580 250
1980 28100 0.8 230 27600 3.2 870 200 &.7 60 564600 2.0 11460 440 520
1981 28200 1.0 290 27700 3.9 1090 200 7.8 70 54800 2.4 1450 4550 ao0
1982 28300 i.2 350 27900 4.8 1330 200 10.0 20 57100 3.1 1770 719 1040
1983 28500 1.5 440 28000 5.9 14640 06 12,2 110 57400 3.8 2190 770 L4220
1784 28600 1.8 520 2B200 6.8 1930 200 14.4 130 57700 4.5 2580 770 1810
1985 28800 2.1 610 28200 8.0 2270 200 16,7 150 57900 5.2 3030 740 2270
1984 28800 2.4 7590 28400 g.9 2810 200 21.1 190 28100 6.5 3750 750 3000
1987 28700 3.1 200 28500 11.8 3340 200 24.4 220 28100 7.7 4480 &70 3810
1988 28700 3.8 1080 28500 14.2 4040 200 30.0 270 28100 9.3 S3%0 590 4800

Kk & F DEFTY.
Table R-XXVI SEFTEMBER 1978

891



691

ALCTUAL

RESISTANCE
HEAT FUHF

FORECAST

REGISTANCE
HEAT FUMF

RESTSTRHCE
HEAT FUMF

RESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUNF

RESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUHF

KESISTANCE
HEAT FUMF

RESISTANCE
HEAT FUHF

YEAR

1927

1978

1979

1780

1981

1982

1983

1984

1985

1985

1987

1988

2090
3310

1490
2880

2180
3780

2730
4620

3110
5120

3070
5040

2810
S0t0

2610
5140
2590
55480

2510
5910

2370
5940

1240
3120

200
2510

1010
3180

1130
3710

1040
3860

240
3590

880
3590
830
3490

800
3720

710
4090

620
4100

250
190

790
370

117¢
500

1600
210

2070
12480

2130
1450

1930
1420

1780
147G
1790
1440

1800
1820

1750
1840

500
1248

830’

1430
380
128¢
400
1440
4650
1540

540
1530

510
1350

480
1320
440
1290

410
1300

350
1350

280
1310

410
14%0

320
1230

410
1740

480
2170

480
2330

a30
2240

400
2370

390
2400

390
2420

3460

2730

340
2790

FHILADELPHIA ELECTRIC COMFANY SYSTEM
e T U ) HASE "CASE
RESISTHHCE AND WEAT PUMP ANNUAL ADLITIONS - RATERH oo
MEW CONSTRUCTION UNITS
HOUSES TWHSES 1A HF %
INA FHILA SUB CON  FHILA SUB CUN  FHILA SUB  COM  COF TOTAL
980 2 376 122 o 132 0 244 488 u
93 36 1194 38 36 1041 a &2 31 0 1.4 0.3
850 10 640 180 20 340 30 140 &80 30
190 80 1510 40 30 1460 O 40 150 0 1.9 a1l
790 10 440 130 30 280 10 120 640 30
370 LS00 1200 30 30 1200 ) 30 340 ¢ 1.9 430
1170 10 470 120 30 370 19 180 940 30
£00 S0 1350 40 S50 14%0 o 80 540 O 1.y 3.4
1600 10 520 120 30 450 10 250 1330 20
910 70 1430 40 40 2130 U 90 @820 [ I
2070 10 430 120 30 440 10 370 1680 20
1250 50 1440 40 a0 2290 o 140 1120 ¢ 2.0 suln
2130 10 370 130 32 390 40 350 17640 20
1450 70 1240 40 50 2190 0 170 1280 noon0 470
1930 10 340 130 300 360 10 340 1570 20
1420 70 1210 40 70 2000 o 190 1230 0 T Aa.d
1780 10 310 120 30 35 10 280 1480 20
1470 70 1170 05 HO D300 & 200 1270 O 2.1 &5.4
1790 10 B0 100 30 350 10 280 1500 10
1640 50 1180 70 90 1530 o 2WO1BE0 10 2, S
1800 10 250 99 30 3200 19 Y30 186D 19
1820 S0 1220 90 100 2430 o 230 1570 10 3. vo.u
1750 10 20 &0 300 300 10 230 1510 1§
1840 70 1170 70 110 2870 10 [ Y A R A
& F RERE.

Table R-XXVII

SEPTEMRER 1978

BG1y




NEUW CONSTRUCTION - TOTAL UNITS - ELECTRIC HEAT UNITS & PERETRATION HASE ChAsE
TOTAL MEW CONSTRUCTION ELECTRIC HEAT NEW CONSTRUCTION ELECTRIC HEAT % FENETRATION
TOTAL DETx * TOTAL* TOTAL TOTAL DETx * TOTALK TOTAL  TOT DETY* = TOTx TOT

YEAR UNITS HSES TWHSE HSES iMA SFH APTS UNITS HSES TWHSE HSES IMA-  SFH AFTS UNT HSE TUM HSE IHA SEM AF1

ACTUAL
1970 -146234 4909

46909 4588 2737 9325 3060 743
1971 20199 Ba7Z2 8872 4908 4319 11327 5014 1215 1215 1142 2457 3799 25 14 14 17 50 34
1972 20839 11522 11522 7301 iBlé 7317 2756 1273 1273 S26 S? 1483 13 11 11 7 53 14

0 0 743 544 135 2117 i9 14 0
0 0 0
0 0 ¢
1973 174354 7853 0 7853 4806 2997 9803 60464 2342 0 2342 1B50 1874 3724 14 30 Q0 30 27 &3 38
o 0 0
40 2 47

14 ? 57 23

1974 14440 7738 7738 4051 2871 . 4922 7903 36460 36460 1813 2430 4243 G4 47 47 45 8BS &1
1975 11649 4194 25 4754 2504 2371 4895 6034 1577 119 2769 1094 2171 32465 52 38 41 44 91 &7
1974 11478 5387 1945 7352 3129 1197 4324 4292 1212 1094 2304 1399 a87 1986 37 22 56 31 A5 49 44

1977 10390 4177 1927 8104 1809 477 2284 4541 1748 1223 2991 1073 477 1550 44 29 43 37 59 100 4B

FORECAST
1978 13500 7400 2650 10050 1250 1500 3450 6900 24460 1900 4340 1040 1500 1540 S1 33 72 43 53 100 74
1979 12000 &000 2450 8450 2550 1000 1550 S570 18460 155 3410 1140 1000 2140 446 31 &3 40 3100 &l

1980 15000 4400 3450 9850 415¢ 1000 5150 69460 2040 2150 4190 177¢ 1000 2770 44 32 42 43 43 100 54

oF

1981 18000 4700 4250 10950 4050 1000 7050 B350 2190 2450  4B40 2510 1000 3510 46 33 42 44 41 100 50
1982 19500 4200 4450 106850 8650 0 .B&50 8230 2090 2810 4900 3330 0 3330 42 34 &0 45 38 O 38
1983 19500 5400 4550 $950 9550 0 9550 8110 1840 2470 4530 3580 0 3580 42 34 5% 44 37 O 37
1984 19000 S000 4650 9450 935D 0 9350 7820 1BOO 2670 4470 3350 0 3350 41 36 S7 46 36 O 3é
1985 18500 4700 4750 9450 9050 0 9050 7770 1730 2790 4520 3250 0 3250 42 37 59 a8 3& 0 3
1986 1BS00 4500 4950 9450 905D ¢ 9050 8150 1710 3010 A720 3430 0 3430 44 38 &1 50 3@ O 38
1987 18000 4280 4920 9200 8800 0 B8B00 B420 1710 3090  4BOO 3420 0 3420 47 40 43 52 a4y O a1
1988 16900 3780 4820 8400  B300 0 8300 83160 1590 3130 4720 3590 O 3590 49 42 &5 S5 A3 O 43
1989 14900 3180 4420 7400 7300 0 7300 7670 1390 29B0 4370 3300 0 3300  S1 44 47 SO0 45 0 4%
1990 14400 2720 4580 7300 7100 0 7100 7740 1250 3110 4340 3380 0 3380 5S4 46 4B 60 48 O 48
1991 14400 2700 4450 7150 7250 0 7256 7940 1290 3090  A3B0 3540 0 3540 S5 48 &% &1 49 O 49
1992 14400 2700 4550 7250 7150 ¢ 7150 B140 1340 3220 4540 3400 0 3600 57 S0 71 83 S50 O G
1993 15400 2800 4750 7550 7850 0 7850 8790 1440 3370 4810 3980 ¢ 39BQ 5?7 51 .71 44 5 0 51
1994 . 14400 2600 4450 7050 7350 0 735¢  B400 1380 3190 4570 3830 0 3830 58 53 77 &5 s2 @ 5%
1995 12800 2280 4020 4300 4500 0 4500 7570 1240 2910 4170 3400 0 3400 S% 55 72 66 S2 0 52
1996 11800 2100 3450 5750 4050 0 4050 7100 1190 2470 3840 3240 0 3240 40 S7 73 &7 54 O 54
1997 11800 2100 3850 5750 4050 ¢ 4050 7220 1230 2680 3910 3310 0 3310 &1 S9 73 &8 S5 0 5%
1998 11300 1980 3420 S40C 5900 © 5900 7020 1190 2540 3730 © 3290 0 3290 &2 S0 74 49 Bs QS8
RECORDS ARE NOT AVAILABLE FOR DETACHED HOUSE VERSUS TOWNHOUSE BREAKLOWN FRIOK TD 1975.
* TOWNHOUSES ARE INCLUDED IN THE DETACKED HOUSE CATEGORY PRIOR TO 1975.
- R & F DEFT.
3 Table R-XXVIII SEFTEMUER 1978
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FHILADELFPHIA ELECTRIC COMFANY

VA

1975 11109 3847 2395 6242 2474 2391 4B47 5485 1348 1077 2425 108 1A 3240 S 39

1974 11183 4897 1965 46842 3123 1197 4321 4144 1045 1094 2159 1398 587 1965 37 22
1977 2899 5694 1927 7623 1799 477 2274 4373 1408 1223 2831 10635 477 1542 44 34

KX E S Y
I a0 49 as
37 9% 1w 4

NEW CONSTRUCTION - TOTAL UNITS - ELECTRIC HEAT UNITS & FENETRATION LASE Cask
TOTAL NEW CONSTRUCTION ELECTRIC HEAT NEW CONSTRUCTION ELECTRIC MEAT % FERETHATION
TOTAL DET= *  TOTAL® TOTAL  TOTAL DETw x  TOTALx TOTAL  TOT DE1Y »  TUTw T
YEAR UNITS HSES TWHSE HSES IMA SFM AFTS UNITS HSES TWHSE HSES IMA Sk AFTS UNT HSE (W UWSE 1oé SPH Ay
ACTUAL - _
1970 15649 4353 0 6353 4559 2737 9296 2931 827 0 827 S5l 1883 2104 19 13 0 I35 @ &7 01
1971 19474 8145 0 B14S 4B90 4419 11309 4712 20 4] 20 1135 1857 3792 24 11 [ I B T4 40 FBa
1972 197046 10428 O 10428 7462 1814 9278 ° 24746 1010 L] 1010 509 P57 Ladd 13 10 9 10 7 03 1a
1973 14938 7137 0 7137 4804 2997 9801 5485 1953 0 1953 1848 1874 3722 34 28 0 28 7 43 30
1974 13836 7000 0 7000 3945 2871 4834 7416 3180 0 3180 1806 430 4236 5S4 4% 0 4% a6 €S 4o
5
é
3

o~ £ 2

FORECAST
1978 12900 &9200 2400 9300 1900 1500 3400 6620 2240 1870 4110 1010 1500 2510 51 32 72 43 53 100 7a

=y

1979 11500 54600 2400 8000 2500 1000 3500 5370 1700 1540 3240 1130 1000 2130 47 36 44 Al A8 100 4l
1980 14500 6000 3400 400 4100 1000 $100 57460 1880 2140 4020 1740 1000 2740 47 31 43 A3 42 100 %

1981 17500 6300 4200 10500 4000 1000 7000  B1&0 2030 2640 4470 2490 1000 3490 47 32 £3 44 4o 100 oo
1982 19000 SBOO 4400 10400  B&00 0  B&OO  BOAO 1930 28O0 4730 3310 O E3EI0 A% 33 41 4% 3% 0 3y
1983 19000 S000  AS00 9500 9500 0 9H00 7910 1490 2660 445 3540 O 3560 42 34 5% 45 37 ¢ 3y
1984 18500 4600 4400 9200 9300 0 93I00  Fa20 1430 660 4290 3330 0 3330 41 35 S8 47 34 O 34
1985 18000 4300 4700 %000 9000 0 9000 7570 1560 2780 4340 321G 0 3330 42 B4 5% A 34 0 4e
1984 18000 4100 4900 9006 9000 0 Y000 7950 1S40 3000 A0 3410 0 3410 443U 4L 50 3M D EYy
1987 17500 3880 4870 8750 8750 O 8750  B210 1530 3080 4410 3600 O 3460 47 3% &3 S% 41 0 Al
1988 14500 3480 4770 8250 8750 0 8250 98140 1440 3110 4570 3570 O3B0 AP 47 &5 S5 43 0 a3
1989 14500 2880 4370 7350 7250 0 7350 7500 1260  FY¥av 4220 3080 O AT00 0 ST 44 4B 6 45 ¢ 4%
1990 14000 2420  4S30 4950 7050 0 7050 S70 1120 3090 4U10 3340 O B340 54 A6 8B &1 Aw O 40
1991 14000 2400 4400  &BOG 7200 0 7200 7780 L11S0 3070 a°T0 3540 G 3540 H5L 40 TO S2 Ay ¢ 4w
1992 14000 2400 4500 4900 7100 0 7100 7980 1200 3200 4400 3580 0 3580 57 N0 I 4 50 0 b
1993 15000 2500 4700 7200 7800 0 7800 8410 1300 3350 4450 T T R - S N B AR S NP
1994 14000 2300 4400 4700 7300 0 7300 8220 1240 3170 4410 O3B0 Y Sa YD S4h 5o 4 ue
1995 12500 2080 3970 4050 4450 0 4450 7430 1140 2090 4090 O 3380 5% S8 Y3 &Y nn L ono
1996 11500 1900 3400 5500 4000 0 4000 4940 1090 2650 3740 0 BRI0 AL BT 3 4B B4 o oA
1997 11500 1900 3500 S500 4000 0 4000 7080 1130 2440 3790 U ARG s Sy 74 & un 9 oun
1998 11000 1780 3370  S150 5850 0 5850 4B80 1090 0520 3410 0 BUEYL 43 41 75 70 %4 w54
RECOKUS ARE NOT AVALLABLE FOR DETACHEDR HOUSE VERGUS TOWNHOUSE BREAKDODWN FRIOK 10 3975
* TOWHHOUSES ARE THCLULET IN THE BETACHEL HUUSE CATEGDRY FRIOR TO 1975, N
N F DE1.
SEFTEAGER 1974 :3
©

Table R-XXIX



TOTAL
YEAR UNITS
ACTUAL
1970 3444
- 1971 27794
19732 3493
1973 3g22
1974 3299
1975 1928
1974 2805
1977 1480
FORECAST
1978 2100
1979 1950
1780 2650
1981 3150
1782 3700
1983 3700
1984 3500
1985 3000
19856 2900
1987 2390
1968 2290
1989 1990
1990 1910
1994 18400
19vy2 1800
1993 2100
1994 1800
1995 1590
1994 1500
1997 1560
1998 1490

RECORDS ARE NOT AVAILABLE FOR DETACHED HOUSE VERSUS TOWNHOUSE BRERKDDHN FPRIOK TO 1975,

DET*
HSES

700
442
&30
774
692
328
234
342

400

aGo
300
400
300
460
300
300
200
200
200
200
100
100
100
200
100
100
100
100
100

*
TUWHSE

TOTAL#®
HSES

700
442
&30
774
492
632
500
594

700
700
‘800
aco
700
800
700
700
600
400
600
300
500
400
400
500
400
300
300
300
300

IHA

1581
1438
2401
2062
1334

698
1778

862 -

800

1000
15600
2100
3000
2900
2800
2300
2300
1790
146%0
1490
1410
1400
1400
1400
1400
1290
1200
1200
1190

SPH

1143
P14

&42 -

7846
1273
598
527
24

TOOOOOODPOOLOOOCO 00

TOTAL
APTS

2744
2552
30563
3048
2407
1294
2305

88é&

1400
1250
1850
2350
3000
2900
2800
2300
2300
1790
1690
1490
1410
1400
1400
1400
1400
1290
1200
1260
1190

TOTAL
UNITS

4466
344
334
745
?u2
380
437
T 444

220
420
4630
730
540
480
710
670
710
660
710
650
490
690
740
?10
810
740
730
740
770

DET#* "
HSES ~ TWHSE
a1 0
21 - 0
14 0
24 0
3g 0
b 0
12 0
38 36
90 50
60 60
60 80
80 60
50 70
80 80
80 100
B0 110
0 120
60 130
80 140
80 110
S0 140
50 120
50 130
100 140
S0 140
S0 100
S0 100
50 110
50 110

* TDWNHOUSES ARE INCLUDED IN THE DETACHED HOUSE CATEGORY FPRIODR TO 1975.

Tl

Table R-XOX

TOTAL*
HSES

a1
21
14
24

38

12
74

- -140
120
140
146G
130
180
180
190
180
170
220
1%0
210
170
180
240
190
15¢
150
140
140

IMA

74
79
158
a5

32

336
344

180
1350
240
340
510
520
530
480
530
470
490
440
480
520
540
670
&20
o990
S80
&G0
610

5FM

351
224
142
636
882
372

79

29

&00
250
250

230

OS00LoCOCLOCCOoO0OC

TUTAL
AFTS

425
323
320
721
714
374
415
370

780
400
490
590
510
520
530
480
530
470
490
4460
480
520
560
&70
620
520
580
400
410

TOT DET* = TUT*
UNT HSE TWN HSE

14 & 0 &
11 s o 5
9 2 o 2
19 3 0 3
29 5 0 S
20 2 0 1
15 5 0 2
30 10 146 12

K & F DEFPT.
SEPTEMBER 1978

1

thé

SOUOMRENL

B

1§
<
el

14
17
18
19
21
23
24
29
3
34
37
40
a2
44
44
48
50
51

ur

SFN AFT
30 15
25 13
24 10
65 24
&9 35
& 2y
15 18

100 42

100 Sé

100 32

100 24

100 25

o 17
o 18
o 17
0 21
o 23
0 26
o 29
¢ 31
0 34
o 37
0 40
Q0 42
0 44
0 44
0 48
¢ 50
o 51



FHILADELPHIA ELECTRIC COMPANY - SURUREAN D1VISION

S ———— e A
[
HEW CONSTRUCTION - TOTAL UNITS — ELECTRIC HEAT UNITS & FENETRATION BASE CASt
TOTAL NEW CONSTRUCTION ELECTRIC HEAT NEW CONSTRUCTIOH ELECTRIL HEAT % PEHETRATION
TBTAL DETx * TOTAL % TOTAL TOTAL LET* % TOTAL® TOTAL TQT DET® %  TOT» rot
YEAR UNITS HSES TUHSE HSES IMA SFH AFTS UNITS HSES TWHSE HSES na HFis AETS UNT HSE TWN HSE 1Ha SFm apT
ACTUAL. '
1970 123205 S453 ] 5453 4978 1574 6552 24465 78646 4] 786 477 1202 1579 20 14 0 14 10 76 T4
1971 14480 7723 0 7723 2252 3508 B757 4348 899 0 89% 1034 2433 34869 271 O 13 20 sy 4
1972 14013 798 o 9798 5041 1154 4215 2142 2946 4] 9946 35t 795 1146 13 10 0 10 78y 18
1973 13114 63463 0 63643 4742 2011 4753 4940 1939 0 19379 1763 1338 3001 3d 30 G 30 37 5 a4
1974 10537 4308 0 4308 2631 1598 4229 44464 3142 0 3142 1774 1548 3322 41 50 O SO 87 97 79
1975 2181 3522 2088 5610 1778 1793 .357% 5305 1342 1077 2419 1087 17v9 2884 S8 38 52 43 41 100 B1
1976 8378 4563 1699 4342 1344 &70 20146 3717 105 1094 2147 10462 508 1570 A4 23 B4 34 7P T4 7
1977 ERR 5334 1495 7029 937 *453 1390 3929 1570 1187 2757 719 453 1172 47 2% 70 39 77 100 84

FORECAST .
1978 10800 4500 2300 8800 1100 900 2000 3700 2150 1820 397 830 F00 1730 53 33 79 A5 7Y 100 a7
1979 23550 5300 2000 7300 1300 750 2250 4850 1640 1480 3120 Y80 750 1734 D131 73 a3 A% 1090
1980 11850 5700 2900 B&0O 2500 750 3250 £130 1820 2040 3880 1500 Fai 2050 =2

7 22033 71 a5 A0 10D 5%
17261 14350 5900 3800 927060 3900 7% 44650 7430 1750 2680 4530 2180 150 900 G 3% &0 47 95 106G &7
1982 15300 3500 4200 2700 534600 0 24600 7400 1870 2730 4400 2800 0 2800 A 34 A5 a7 50 LD
1983 15300 4400 4100 87060 64600 0 4600 7230 14610 2540 4190 3040 O 3040 47 35 5% 498 a4 0 aa
1984 5000 4300 4200 8560 6500 0 46500 6910 1550 2550 4110 2800 0 28040 a4 34 A1 18 a3 O a3
1785 135000 4000 4300 8300 &700 0 4700 4900 1480 24670 4150 2730 0 2750 46 37 &2 65H 3) 0 Al
1784 135100 3900 4500 8400 6700 0 4700 7240 1480 2880 4340 2380 0 2680 48 3% 44 G2 O
1987 15110 3480 4470 8130 &£960 Q &F40 7550 1470 2950 4420 3130 0 3130 G0 40 58 G4 O
1988 14210 3280 4370 7450 65460 0 &560 7439 1380 2970 4350 3060 0 3060 G242 48 L2 Y
1989 12510 2480 4070 6750 5740 0 5760 &HSO 11BO 2850 4030 2820 4] 282G 53 44 70 &0 Y]
1290 12090 2320 4130 6450 G440 0 54640 4880 1070 2930 4000 2380 0 2840 57 aé 71 42 O
1991 12200 2300 4100 4400 58006 0 %800 7070 1100 29540 4050 3020 G 3000 H 48 72 43 0
1992 12200 2300 4200 4500 5700 0 5700 7240 1150 3070 4720 3020 0 020 A 10 B S 0
1993 12900 2300 4400 4700 4200 0 6200 7200 1200 3110 4930 3294 G 3290 &0 Bh 73 8l 0
1?94 12200 2200 4100 4300 5900 o 3900 7410 1190 3030 4220 3170 O 3170 &1 4 ¥4 oav 0
1995 10910 1980 3770 5750 5140 0 G140 6670 1110 4790 300 790 ¢ 2790 N BT (O
1296 10000 1800 3400 5200 4800 ¢ 4800 6230 1040 5590 3590 2640 Y LHA0 &2 5 75 4% O 89
1997 10000 1800 3400 5200 4800 0 4800 6320 108¢C 2550 3430 28690 v 2890 &3 &0 7% 70 (T
1998 2510 1680 3170 4850 4660 0 A86460 46110 1040 2410 3350 26460 QO 2860 &4 462 TS 71 [

RECORDS ARE NDT AVAILABLE FOR GETACHED HOUSE VERSUS 10WNHOUSE EBREAKDOWH FRIOR TO 1975.
*» TOWNHOUSES ARE THCLULED IN THE DETACHED HOUSE CATEGDRY FRIOK TO 1975,
Bo& F LEPY.

eGT

SEFTEMBER 1970

Table R-XXXI
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TOTAL

YEAR UNITS
ALTUAL
1970 585
1271 72%
19723 1133
1973 718
1974 824
1975 540
1974 495
1977 491
FORECAST

1978 400
1979 500
1980 00
1981 500
1982 00
1783 500
1784 500
1785 500
1984 500
1987 500
ivas 400
1989 400
1990 400
1991 400
1992 400
1993 400
1994 400
1995 300
1994 300
1997 300
1998 300

RECOKDS ARE NOT AVAILABLE FDR DETACHED HOUSE VERSUS TOWNHDUSE BREAKDOUN FRIOR 10 1975.

a934
707
1094
714
738
347
490
481

500
400
400
400
400
400
400
400
400
400
300
300
300
3G0
300
300
300
200
200
200
200

*
TWHSE

-
o~
COoONCoOOD

50
S0
50
o0
S50
S0
S0
50
50
S0
S0
S0
S0
50
50
50
50
50
50
S50

TOTAL*

HSES

556
707
1094
714
738
912
490
481

550
450
450
450
450
450
430
450
450
450
350
350
350
350
350
3350
350
250
250
250
250

29
18
.39

a4
28

10

50
50
50
90
50
S0
50
S50
S0
50
0
5¢
50
S0
30
S0
50
50
50
50
S0

QOO0 ODC

OOOOOOOOOOOOOOOOOOQOO

APTS

29
8
39

B84
24

10

=0
S0
50
S0
50
50
50
50
30
50

S0
S0
50
S0
50
S0
50
a0
50

S0

CONOWINGD FPOWER COMFARY

|

TOTAL
UNITS

129
- 3o
280
381
487
349
148
148

280
200
200
190
170
200
200
200
200
210
170
170
170
180
180
180
iso
140
140
140
140

HSES

118
295
2463
379
480
229
147
140

220

160

140
160
160
170
170
170
170
180
130
130
130
140
140
140
140
100
160
100
100

L TOTAL®
TWHSE HSES
] 114
0 2005
O 263
0 379
0 489
115 S44
0 147
O 1460
30 250
10 170
10 170
10 17¢
10 170
10 180
10 180
10 180
10 180
10 190
20 150
20 150
20 150
20 140
20 1460
20 140
20 150
20 120
2 120
20 120
20 120

% TOWNHOUSES ARE INCLUBED IN THE LETACHED HOUSE CATEGORY PRIOR TO 1975.

bLl

Table R-0IXIT

[y
Qo= LA R NN O

30
30

30

20

20
20
20
20
20
20
20
20

20
20
20
20
20
20

OO0 Oo O

CTOLOCOoOCoCROOL OO oo

jaly)

20

BASE CrfiE

ELECIRIC HEAT % FENETKATLUN

TOT BET# *  TOT

UnT HSE Tud HSE
22 21 0 21
a7 42 0 a2
5w 0 24
Y3 053 0 53
5¢ &5 0 45
&5 48 70 &7
30 30 0 30
34 33 5 33
a7 44 40 a5
40 40 20 3q
40 40 20 38.
38 40 20 38
38 40 20 36
A0 43 200 A0
a0 43 20 40
40 A3 20 40
40 43 20 40
a7 45 20 41
43 43 40 A
43 43 40 43
43 43 40 43
45 47 40 as
a5 47 40 as
45 47 40 48
45 47 A0 4é
47 S0 40 a@
47 50 40 4B
47 50 40 4B
47 50 40 48
K A F DEFT.

SEPTENMBER 1978

»

in

I bfn ot

a5
39
44
100
&
18
20
;10

&0
450
60
40
40
40
40
a0
40
40
40
40
40
40
40
40
40
460
40
40
40

DT OT OO0

v
4]
]
0

Q

CTORCODLTC VT

4%
3y
44
100
8
16
20
o

4l
&0
o0
40
31
40
40
40
A0
A0
44
490
46
40
40
40
40
40
40
e
40

B
&



LTA

YEAR

1977
1978,
1979 -
1980
1981
19082
1983
1784
1985
1984
i987
19688
198%
19%0
1991
1992
1993
1994
1995
19946
1997
1998

PHILADELFPHIA ELECTRIC COMPANY SYSTEH

INDIVIDUALLY
METERED(1)
FECO

RATES~ RsRHsRM
1139.4
1148.8
1157.6
1146.9
11682.9
1198.7
1214.2
1228,7
12492.2
1255.3
1287.4
1278.5
1287.46
1296.2
1304.9
1313.&
1323.3
1332.0
1339.2
1345.5
1351.8
1357.4

S.P.M. (D)

CONDWINGD

RASE CASE

1292.2
1303.7
1313.7
1324.2
1341.2
1357.2
1372.7
1387.2
1400.7
1413.7
1425.7
1434.6
1445.5
1453.9
1442.3
1476.7
1480.1
1488.5
1495.3
13501.1

306.9

1512.2

(1) TH1S TOTAL DIFFERS FROM THE RESIDENTIAL AMD HOUSE HEATING CUSTOMER TOTALS
IN THE SALES AND REVENUE REFORT BECAUSE OF AN ESTIMATED 12,400 abDITIONAL
DUELLING UNITS ON COMBINED HETERING (FORMER RATE KM)

(2) [NCLUDED IN COMMERCIAL AND INDUSTRIAL.

NOTE: LANSDALE IS EXCLUDED FROM ALL FIGURES ON THIS FAGE.

K & F DEPT.
JULY 1978

Table R-XXXIII

BIgY



RATES --3

DECEMBER 31+ 1977

NEW CONSTRUCTION 1978=88 INCLUSIVE
DEMOLITIONS AND ABANDONMENTS
DECEMBER 31y 1988

NET INCREQSE 1777-88 (11 YEARS)

ELECTRIC HEAT

NECEMBER 31, 1977

FPERCENT PENETRATION 1977

NEW CONSTRUCTION 1978-88 INCLUSIVE
PERCENT PEMETRATION NEW CONSTRUCTION
'CONVERSIONS FrROM OTHER FUELS 1978-88
DECEHEER.ZLp 1988

FERCENT PENETRATION 1788

NOTE: LANSDALE IS5 EXCLUDED FROM ALL FIGURES ON THIS PAGE.

941

TOTAL
IWELLING

UNITS

(ALL)

1292200
. 188400
44000

f 1434600

144400

B45%0

44 9%
27380
167170

11.6%

APARTHENTS
INDIVIDUALLY  SINGLE-FOINT
HOUSES , METEREL METERED
(R RHyRM) R+ RHrRM) (BSsFIHT)
961100 199700 131400
106450 77450 4500
33300 7000 3700
1034250 ) (:570150 132200 .
73150 70450 ..~ oo
22600 11800 20800
2.4% 5.9% 15.8%
49460 30630 4509
45.5% 39.5% 100.0%
22340 5040 0
94400 47470 25300
9.1% 17.46% 19.1%
Table R-XXXIV

BASE CASE

TOTAL
(RyRHsRH)

. 1140800
183900
40300

7 ¥4 1304400

143600

34400
3.0x%
80090
43 . 6%
27380
141870

19.9%

& & F DEPT.
DECEMBER 1978

L4



Let

————————————————————————————— BaSE CAYE
RELATIOASHIF OF FOPULATION TO HEW CONSTRUCT1DN R - "
: FOFULATIGN HOUS LHRG CUMNMECTLUNS FER
TEAR FEACHING AGE 22% CONNECTTONS 100 FOFULAT Yur
{acTualL)
1955 53600 19200 5.6
19466 51100 18000 35,
1947 48300 17200 35.4
1940 44500 148800 380.8
1947 - 63100 17200 2H.1
1970 41900 15400 25.2
1971 57700 19500 33.8
1972 54700 19700 34.7
1¥73 54900 ) 16900 3¢ 7
1974 50800 13800 22.8
1275 &3700 . 11100 17 .4
1974 &4400 11200 17.4
1907 S46800 P00 14.8
AVERAGE THROUGH
1977 57950 14050 7.7
(FORECAST)
1274 S7400 12900 19,01
1979 47200 11590 171
17260 L7700 14500 21,4
1v01 6200 17900 Jh.a
1982 H7500 12000 2.1
1983 54200 19500 oY _&
1964 62100 1500 w8
1785 &165H0 1HG00 i ]
1784 L1000 18000 “e Y
1987 SR900 17500 297
§9HG 54200 16509 R |
t2HYy L2V60 14500 UL
0 511600 140059 7.4
1991 1100 14004 27.4
1990 S0300 14004 208
1993 . 53900 S000 2504
19%4 - 53700 14000 . 26.0
1995 49209 12500 25.4
19%% 47100 11500 24,4
1997 47100 11500 24.4
172928 44800 11000 23.5
AVLERAGE FORUUADT 4 197% -~ 19aH )
63240 17000 25.9
AVERAGE FORLEARST ¢ 194Y - 1998 )
S0620 . 13200 Y- |

rooBULELLE haDs CENHSUSG: 17580 At 1970 AS AFFLICAERLE .

koA 1 DERY,
Table R-X000V Jue W 19T

24



i [ I { | { Fo..and., g1al __czevl. . od. onyte, STEL f { i 1

e e e e BASE CASE
RELATIONSHIP OF TOTAL DWELLING UNITS TU FOFULATION o e
FOPULATION - TOTAL FOFULATION FER AVERAGE FEMALES DWELLING UNITS
ALL AGES IWELLING UNIT GWELLING UNITS OUER 19 FER FEMALL
1950 30461000 3.460 851.1 1137900 0.75
1960 ' 3489000 3.39 1028.1 : 1207800 - 0.85
1970 3830900 3.21 1194.5 1310500 0.91
1975 3754800 0.97 1264.2 1328100 0.95
1978 3740000 ! f,h: ' 2.88 1297.9 1363000 0.9%
- r
1983 3793000 2.78 1364.9 1431000 0.95
.—% PR
1988 392146000 2.74 1491000 0.96
1993 3999000 2.71 1475. 4 1524000 0.97
1998 4051000 2.68 1509.5 . 1534000 0.98

*population and dwelling units for PECO's total electric service area (excluding Lansdale).

. Table R~XXXVI

kR & F LEFTY.
JULY 1978

8L1

Ld 744
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RESIDENTIAL FORECAST HASE CanLl

FOPULATION BY AGE anD SEX
1977
HALES _ FEMALES
AGES
el
[ 85+ [
N SR S
I 80-84 [
—_——— B il N +—1
I 75-79
_______________ e ——m e — e,
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RESTIDENTIAL FORECAST ’ BASE CASE

1998
MALES FEMALES
AGES
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BIRTH RATES
3.6.

NATTONAL BIRTH RATES

1925 to 2000

Ultimate

Series Birth Rates
sasssrean: I 2.7
e TT 2.1
i 8 § 1.7

30 35 40 45 50 55 60
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COMMERCIAL AND INDUSTRIAL DISCUSSIQON

The large Commercial and Industrial classificaticon includes
all customers served on Rates PD and HT except rail traction
services and, therefore, includes the single-point-metered (SPM)
apartment complexes served under those rates. The major compon-
ents of the Large Commercial and Industrial forecast are shown on
Table C~I. Included in Other Manufacturing are Standard Industrial

.Classification numbers {(SIC's)} 20 through 39 inclusive. Other
Nonmanufacturing includes SIC's 1 through 17 and 40 through 99,
except for the single-point-metered apartments. The ten largest
users among the manufacturing customers of the company were
interviewed to arrive at individual growth projections for the
forecast period. These ten customers account for over 40% of the
total use in the manufacturing class and approximately 12% of
total annual consumption by all classes.

Customers served under Rates GS and GLP make up the Small
Commercial and Industrial class. Analyses of this group indicate
about 90 percent of the load is commercial and 10 percent is
small manufacturing.

Base, high and low cases are given for each element of the
Commercial and Industrial class, based on the assumptions which
follow. Assumptions for other classes of service related to
commercial use--such as Railroads and Railways, Other Public '
Authorities, and Interdepartmental--are also included in this
section.

182



429a

INDUSTRIAL

The number of large manufacturing customers peaked in 1969
and 1970 at the height of the Vietnam war. With the winding down
of hostilities and the recession of 1871, the number of customers
decreased from 1,773 in 1969 and 1970 to 1,695 at the end of 1973,
or a reduction of 78 customers. 1974 saw a slight increase of 5
customers but the severe recession of 1975, the worst since the
1930's, resulted in the loss of an additional 58 customers in the
1975-1977 period. With the war and the 1971 and 1975 recessions
behind us, the companies which were scund enough to weather these
impacts should now provide a firmer foundation for future growth.

Another factor which influenced the reduction in the number
of manufacturing customers was the moving of manufacturing to the
sunbelt and the much higher rate at which new plants were started
up in the Socuth and West to take advantage of lower labor, tax,
and energy costs. This is expected to abate as taxes rise in the
sunbelt to provide the necessary services for the increased
pepulation, as labor rates rise toward national levels, as fuel
costs rise with the conversion of gas fired generating plants to
other fuel, and as water supply problems increase because of
increased demand. These negative aspects, however, are not the
only factors which will encourage business to remain or start up
in this area. The Pennsgylvania State Department of Commerce is
aggressively seeking business by nationally advertising that-
"Pennsylvania cffers a package to business that we challenge any
other state to beat”. Included in that package is the following
"NUCLEAR ENERGY . . . ABUNDANT ELECTRICITY. We are already
supplying nuclear power electricity to our industry from six
plants. Five more nuclear stations are under construction. By
1980, 25% of Pennsylvania's energy will be coming from nuclear
stations. We have so much electricity that we are a net exporter
to other states. This helps us hold down the cost of electricity
to our own industry".(l) The Philadelphia Industrial Development
Corporation is also increasingly active in promoting the area.

In 1977, PIDC participated in fifty-nine property transactions
including the construction and renovation of 2.6 million square
feet of industrial space. This effort retained 2,103 jobs and
created 2,164 new jobs for Philadelphians. (2) The City of
Philadelphia, in 1978, increased its advertising budget fifteen-
fold and has retained an agency to promote Philadelphia aggres-
sively in naticonal media. A large part of this promotion will be
directed at industrial managers in an effort to retain existing
industry and attract others to Philadelphia. The land-bank
program offering low-cost acreage to qualifying industries is an
outstanding example of the City's determination.
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Other manufacturing sales grew an average of 140 million kWh
per year in the pre-embargo pericd from 1967 to 1973, a period
which bracketed the 1970 recession. Annual changes are shown

below.

Million-kWH

1966  ° 289 1872 99
1967 139 1873 228
1968 436 1874 {222)
1969 ig99 1975 (480)
1970 (29) 1976 99
1971 (89) 1977 25

Commitments of new load by other manufacturing customers
less cancellations for 1974 through 1978, a five year span fol-
lowing the embargo, average 190 million kWh per year. Assuming
that a reasonable recovery ifrom the depressed base will occur
over time, the effects cf these additions should show up and
would support the same three percent growth rate in the near
future as was experienced from 1967 to 1973, a period which
spanned a recession and many of the custcomer-loss and out-mi-
gration effects 0f the present times.

Commitments - Million kWh

1974 - 555 1877 - 102
1975 - 185 1978 - 250 (based on 9 mos. actual)
1976 - 166
Five vear total new load committed - 1258
Plant closing and reductions - 300
Annual average increase - 190 million kwh

with the financially weak customers weeded ocut by the re-
cession, the appeal of the sunbelt decreasing as its problems
increase, and the state and local governments increasing their
promotional efforts, there are prospects for future growth of the
industrial market. 1978 is an indicatien of this. Jackson-
Cross, who surveyed the Philadelphia Area's industrial market in
mid-1978, found a very high rate of demand for industrial space. (3)
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ASSUMPTIQONS

(See also general assumptions in the first section)

ECONOMY - The Industrial Production Index (IPI) is projected
to i1ncrease at about 3.6% annually from 1978 to 1988. (4)
Based on our analyses which follow, it is indicated that
large manufacturing growth will lag the growth in IPI by
almost one percent during the forecast period whereas from
1960 to 1973 the average growth rate was 4.7% for both. 1In
the low and high ranges, the IPI is approximately 2.9% and
5.0% respectively. For Gross National Product and Gross
Regional Product projections, see the Budget Forecast section
assumptions and table.

"LABOR FORCE - The decreased birthrates of the sixties compared

with the babyboom of the fifties will cause a decrease in

the growth rate of the potential labor force during the ten
vear forecast period which should result in a slowing economic
growth, and both the supply and demand of many products will
be affected. This applies to all three ranges since the
birthrates are accomplished facts. ’

The table below, based on our projections for the area
served, shows the effect of the expected decline ih the
growth of new labor market entrants on total potential labor
force. This table is based on persons of the ages 20 to 65,
although government statistics include those 16 and over.

Number (1,000's) Change
1970 2,045
1975 2,056 11
1980 2,127 71
1985 2,207 80
. 1990 2,237 30
1995 2,273 36

FOSSIL FUEL CONVERSION - Some electrification of manufacturing
processes--existing ¢r potential--is expected to occur because
of real or anticipated gas and oil shortages. If the price

of industrial electricity rises in line with the increase in
the price of goods generally--as is assumed here--then the
cost of fossil fuels will rise at a faster rate and should
further stimulate conversion.

Opportunities for increased power use include metal
holding furnaces; electric boilers; induction heaters:; high
temperature furnaces; high temperature heat pumps and micro-
wave drying. One source of information on the anticipated
expansion of these markets is Energy User News. (S)
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COGENERATION - There are 16 customers on system using private
generation. Fifteen of these are connected tco the utility
system while one major refiner operates independently.

Estimated demand of private generation is 170 MW with
approximate annual consumption of one billion kWh. The
forecast, being based on factors and growth rates which
apply egually to all kWh--purchased or self-generated--
allows for an increase in private generation of about 300
million . kWh by 1988, consistent with past forecast assump-
tions.

The company continues to follow these customers closely
as well as nongenerating customers concerning future plans
for generation through its Committee for Energy Marketing
and Purchase (CEMAP).

There are no identified large customers committed to add
independent generation although several have been studying
the cost-benefits,

Because of the uncertainties existing in the areas of
regulation, financing, -environmental controls, costs and
government incentives, no change in the existing ratio of
self-generated to purchased power has been factored into
this or previocus forecasts. Future forecasts will be
adjusted by specific changes, if any.

OIL REFINERIES - One refinery is now modernizing its facility
to increase prcduction of unleaded gasoline and lube products.
The other two refineries, however, do not plan any major
expansions during the forecast period. Many observers

believe gasoline demand will peak in the United States,
perhaps within five years. Price elasticity (oil prices

will go higher) and conservation efforts by users coupled
with the trend toward smaller and lighter cars are the major
factors contributing to modest or no expansion plans of the
refineries.

The three cil icompanies continue to assign a low prob-
ability of refining growth in the last half of the forecast
period even if o0il ds discovered off the Atlantic Coast.
Oné refinery is considering replacing three existing hydro-
crackers with two modern ones. This additional capacity is
included in the base forecast. Alsoc included in the base
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forecast is an expansion of chemical manufacturing facilities
at one of the refineries since ample industrially zoned land
is available. In the low range forecast, it is assumed that
there will be no expansion or modernizing of refining capacity
in our area. If substantial oil is discovered off the

coast, additional refining capacity will be built in New
England. The low range further assumes that this area has
sufficient capacity to meet energy needs because of the
expected increase in the efficiency of automobiles and a net
loss of population in our area. The high range is based on
large quantities of ail being discovered off the coast with
additional capacity being built in our area to handle it.

It also assumes that there will be no reduction in imports.
of foreign oil processed at the local plants.

STEEL INDUSTRY - For the two large integrated steel mills in
our area, growth is projected at an average annual increase
of 3.4 percent in the base forecast, which includes added
environmental controls, small preoduction increases from
changes to existing capacity and a large planned increase in
melting and rolling capacity announced by Lukens. This does
not include the reactivation of part of the Alan Wood mill
by Lukens as it is included in Other Manufacturing. The
annual increase to 1988 from the high steel production year
of 1974 is only 2.5 percent including the planned Lukens
expansion.

The low range is based on a drop in 1979-80 to the

‘rece551onary levels of 1975, then a 2% growth rate due to

environmental controls plus part of the Lukens announced
changes.

The high range assumes a 3.5 million ton addition on
existing available space and higher steel output based on
our high case projections of a stronger economy.

OTHER LARGE TEN CUSTOMERS - The other five customers have
limited growth plans which are included in the base forecast.
The low range assumes this limited growth will not take
place, and the high range assumes only a slight expansion
over the base, even with an expanding economy. Three of the
five customers cannot expand plant facilities materially
because of the lack of additional land.
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Each of the major two digit SIC's were analyzed to determine
past history and future potential for change. Data concerning
the future was obtained from the computerized reporting system
used by our service representatives as well as by direct communi-
cation with them. Discussions of the major two digit SIC's follow.

Four methods were used to forecast large industrial sales.
These methods were kilowatt-hours per manhour by SIC, kilowatt-
hours per employee by SIC, various regression analyses, and value
added by SIC. The discussion of each 0f these methods follows
the discussion of the two digit SIC's.

PISCUSSION OF LARGE INDUSTRIAL TWQ DIGIT SIC's

Food and Kindred Products-SIC 20

A% kWh from previous year

1967 - 5.4 1971 - 2.5 1975 -~ {0.5)
1968 - 6.4 1972 - 3.2 1876 -~ 2.9
1969 - 1.6 1973 - 14.3 1877 =~ 1.3
1970 - 3.6 1974 - (1.5)

For the first ten months of 1978, kWh consumption increased
by 2.2% over the same period of 1977. Customers in this class
have made substantial commitments to increase their load over the
hext several years, with ten customers planning to install a
total of 18 million kWh in new and existing plants.

Paper and Allied Products (excluding Scott Paper*)-SIC 26

[&% kWh from previous year
P Y

1967 - 3.9 1971 - (5.4) 1975 -~ (21.0)
1968 -~ 10.1 1972 - 4,2 197¢ -~ 7.6
1%69 - 5.5 1973 - 4.1 1977 - 2.8
1970 - (2.9) 1974 - (4.4)

*In Large 10

The first ten months of 1978 saw a 4.5% increase in consumption
by the paper products group over the same period of 1977. Other
than Scott Paper (45 percent of the class) this class is made up
mostly -of many small processors of cups, bags, packages and
paperboard, with no customer accounting for more than 8 percent
of the total less Scott. Production of miscellaneous paper goods
is expected to grow at ia slower pace than the economy as the use
of plastics increases at the expense of paper.
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Chemicals and Allied Products (Excluding Linde £ Merck#*)-8IC 28

A % kWh from previous year

1967 - 2.5 1971 - (1.0) 1375 - (10.6)
l968 -~ 19.2 1972 - 1.2 1976 - 8.9
1969 - 2.3 1973 - 4.1 1977 - 1.5
1970 - 3.0

1974 - (3.9)
*In Large 10 -

The chemicals were down in 1978 because consumption by Chemetron
and Publicker Industries declined. Chemetron's major customer, Alan
Wood Steel, ceased coperations and this drastically reduced Chemetron's
output. Chemetron, however, is relocating its gas compression plant,
and agperations will resume in late 1979, which will again make it one
of our largest customers.

If Chemetron's and Publicker's consumption are removed from both
1977 and 1978, the remaining 143 customers increased their electric
consumption by 2.5% for the first ten months of 1978.

Petroleum Refining (excluding ARCO, BP, and sun Qil*)-SIC 29

A% kwWwh from previous year

1967 - 2.8 1971 - 1.1 1975 - (2.2)
1968 - 7.9 1972 - 4.7 1976 - (1.6)
1969 - (3.9) 1973 - 8.4 1977 - 5.1
1970 - (2.2) 1974 - {2.2)

*In Large 10

Consumption by the SIC group for the first ten months of 1978 was
7.6% over the same period last year. The three large refineries
account for 95% of the use of this class. This follows a 5.1% in-
crease last year as the demand of petroleum products remains high.
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Rubber and Misc. Products (less Firestone*)-SIC 30

A% kwh from previous year

1967 - 2.4 1971 - 19.86 1975 - (14.)
1968 - 20.0 1972 - (0.2) 1976 -~ 3.4
1369 - 10.0 1973 - 5.3 1977 - 11.2
1970 - (5.2) 1874 - 0.3

“*In Large 10

After a very substantial increase in consumption of 11.2% in
1977, there was a 3.8% decrease for the first ten months of 1978
vs. the first ten months of 1977. This decrease was primarily
the result of decreases in production by B.F. Goodrich and the
smaller customers in this class. One of the tire producers,
however, has plans to increase its plant capacity by 50% which
would add approximately 30 million kWh per year.

Primary Metals (except U.S. Steel*, Lukens* and Alan Wood)-SIC 33

A % kWh from previous year

1967 - 2.6 1971 - {6.4) 1975 - {(19.2)
1968 - (1.2) 1972 - 1.4 1976 - {8.7)
1969 - 3.6 1973 - 8.6 1877 - {6.4)
970 -  (1.9) 1974 - 9.5

*In Large 10

When Lukens Steel and U.S. Steel, who are included in the
Large 10 customers, are removed from this group and when Alan
Wood Steel, which has gone out of business is also excluded, the
remaining customers in this SIC increased their consumption by
10.7% during the first ten months of 1978 (U.S. and Lukens dominate
this class with over 80 percent of the use). No additional leoss
of customers is foreseen in this class and the former Alan Wood
plant is scheduled to reopen in June, 1979. Also negotiations
are presently underway with che of the customers who is seriously
considering adding a 6000 kW electric furnace which would consume
approximately 20 million kWh, annually.

Fabricated Metal Products - SIC 34

A% kWh from previous year

1867 - 0.6 1871 - (5.3) 1975 - (11.8)
1968 - 10.3 972 - 0.4 1976 - 4.0
19569 - 5.3 1973 - 5.0 1977 - {3.5)
1970 - 2.7 1974 - {1.0) .

For the first ten months of 1978, consumption was 0.8% cver
the same period of 1977. No major changes are foreseen.
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Machinery Except Electrical-SIC 35

A% kwh from previous year

1967 - 6.0 1971 - (1.0) 1875 -~ {(4.7)

1968 - 5.1 1972 - 5.5 1976 -~ 3.5

1969 - 5.6 1973 - 106.7 1977 - (3.1)
L1970 - (3.7 1974 - {(5.3)

For the first ten months of 1978, sales were equal to the
same period of 1977. In future years, this class is expected to
keep pace with the economy.

Electrical and Elec. Mach. Equip. and Supplies-SIC 36

- A% kwh from previous year

1967 - 12.5 1871 - (5.1} 1875 - (l12.6)
1968 - 1l1.8 1972 - {4.4) 1876 - (3.0}
1969 - 6.7 1973 - {0.1) 1877 -~ (1.2)
1970 - 3.2 1974 - (8.3)

For the first ten months of 1978, consumption by this class
was down 1.2%. The reduction was due to Electric Storage Battery
and Reynolds Metals phasing out their operations. If these two
customers were excluded in both 1977 and 1978, the remaining 124
customers increased their consumption during the first ten months
of 1978 by 3.9%. No further reduction in customers is expected.

Transportation Equipment (except Budd Co.*)-5IC 37

A% kWwh from previous year

1967 - (12.1) 1971 - (1.2) 1975 -  (10.6)
1968 =~ 11.9 1972 - (5.6) 1976 - 7.9
1969 - 1.6 1973 - 1.0 1977 - 4.2
1870 - (9.9) 1974 - (6.3)

*In Large 10

For the first ten months of 1978, kWh consumption was 1.7%

- over the first tem months of 1977. Little growth is expected in
this class of customers. Sun Ship, however, will be adding new

welding and sand blast equipment and they are one of the larger

customers in this group.
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FORECASTING METHODS

Manhours -~ This method used historic and forecasted manhours and
kilowatt-hours per manhour for the various industrial SIC's.
Manhour data was obtained from the Pennsvlvania portion of
Wharton Econometric Forecasting Associates' (WEFA) model of the
Philadelphia SMSA., The manhour data from the model was available
from 1969. Using Company sales by SIC and the WEFA manhours, the
growth rates in kilowatt-hours per manhour by SIC were calculated
for the 1969-77 period. ' This time period covers a period of slow
economic growth and the conservation induced by price-elasticity
as well as other efforts to save energy from the time of the 1973
oil crisis.

These kWh growth rates were then applied to WEFA's forecasted
manhours tc 1988: The product of manhours and kilowatt-hours per
manhour produced the forecast of kilowatt-hours for gach of the
two digit SIC industries. The exceptions to this procedure were
SIC's 29 and 33. SIC 29 includes three major oil companies and
SIC 33 two major steel producers which are in the Large Ten class
of customers and are fonrecast individually. These customers
dominate these two classes. When applying the described method,
the forecasted sales of these five companies were subtracted from
their respective SIC's and the forecasting method was then applied
to the remaining portion of the SIC.

The sales estimate ;produced by the manhour methed is 10,450
million kilowatt-hours for 1988 for total large manufacturing and
is shown on Table C-1IV.

Industrial Employment - ‘The total population history and the
employment history by industrial SIC's 20 through 39 for the five
Pennsylvania counties served by PECo. were obtained for the 1965~
1976 period. (6). From this data, the ratios of population to
employment for the various SIC's were determined for each of the
historic twelve years. From Company records, the annual kilowatt~
hours consumed by large 'customers (Rates PD and HT) in each SIC
for the 1965-76 period were obtained and the average annual kWh
per employee calculated. )

Through the use of linear regression, the kilowatt-hours per
employee were projected by year through 1988. The variables to
determine the low and high cases of large manufacturing sales.
were the ratios of population to manufacturing employment by SIC.
For the low case, regressions of the historic 1965-76 period were
run and applied to the Company's population model to determine
annual future employment by SIC. For the high case, the regression
formulas were applied to the State of Pennsylvania, Department of
Chmmerce's employment forecast for the five county area. With
the number of employees for the low and high cases determined for
each SIC by year and the average kilowatt-hours per employee by
SIC projected, the individual SIC kilowatt-hours were calculated
and summed to obtain annual total large manufacturing sales for
PECo.

Sdarn
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The low and high cases were averaged to obtain the base case
for P.E. Co. The low,base and high forecasts for Conowingo's
manufacturing sales were then added to obtain P.E. System sales.
This method produced total large manufacturing sales of 9,370
million kWh for the low case, 10,620 million kWh for the base
case, and 11,560 million kWh for the high case.

MANUFACTURING REGRESSIONS - For the manufacturing sector a number
of regression models were estimated using subsets of the following
variables as independent variables with kWh sales to manufacturing
customers* as the dependent variable:

Industrial Production Index - National (4)

Gross Regional Product 1972% - Phila. SMSA (7)

Manufacturing Components of Gross National Product 19723% (7)

Value Added in Manufacturing - Phila. 5 County Area (7)

All plausible models including lags of dependent and independent
variables were examined. The following models were statistically

significant and reasonable in terms of functional form and dependency.
A brief disucssion of the models follows their presentation.

Model 1:
KWHMFG = 1996.8 + 46.3 IPI
(3.43) (8.84)
R2 = 0.857, F = 78.1, RMS Error =332 (4.7% of mean KWHMFG)
Model 2:

KWHMFG = 1386.8 + 11.7 GNP**
(1.89) (7.82)

R% = 0.825, F = 61.), RMS Error = 368 (5.2% of mean KWHMFG)
Model 3:

KWHMFG = 1345.9 + 20.9 IPI + 0.5 KWHMFG_ §
(2.78) (2.39) (3.25)

R2 = 0.924, F = 73.1, RMS Error = 242 (3.4% of mean KWHMFG)
* Sales to Allan Wood Steel were removed from the historic series
to remove the discontinuity caused by the closing of this plant

in 1977.

** Personal consumption expenditures for durable and nondurable
goods plus fixed nonresidential investment.
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Model 1

This model assumes that PECO's manufacturing sales are related
to the naticnal industrial producticn index which assumes that
Philadelphia based industry is *typical of industry in general.
Since much of Philadelphia industry provides products for national
markets - 0il, steel, electrical machinery - it is reascnable that
this model provides a good fit to the data.

The behavior of this model over the estimation period is shown
in Figure 1. As shown in Figure 1, the model tracks the movements
of the dependent variable in that it captures the turning points
in the actual data. 1In addition, the actual data fall within a
95% interval around the regression model for the majority of sample
observations.

This model was forecast using McGraw-Hill's forecast for the
Industrial Production Index. (%) To provide a more realistic forecast
it was observed that the errors in the model are correlated, thus
the model was adjusted down by the error in 1977 for each year of
the fcrecast. The resulting forecast is shown in Figure 4.

Model 2

This model relates PECO's manufacturing sales to a subset of
the GNP accounts that relate more specifically to manufacturing:
that is, personal consumption expenditures for durable and nondurable
goods plus fixed nonresidential investment. This model is reasonable
in the same sense as Mcdel 1 and provides results that are similar
to Model 1 as expected.

The behavior of this model over the estimation period is shown
in Figure 2., Figure 2 demonstrates that the model tracks the actual
data fairly well by picking up all turning points and encompassing
the actual data in a 95% interval for a majority of the sample
observations.

This model was forecast using the Wharton National Model. This
model also demonstrated highly correlated errors, thus all forecast
values were reduced by the error in 1977. The resulting forecast
is shown in Figure 4.
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Model 3
' This model augments Model 1 by including the dynamics of
adjustment through the lagged dependent wvariable in the model.
The lagged dependent variable enters the model by assuming that
the stock of electrically operated or dependent machinery or
processes does not adjust instantaneously to a new eguilibrium
point. (B) .This is entirely plausible given the size and capital
costs Of manufacturing facilities. The inclusion of the dynamics
of 'adjustment shows an improvement in all aspects over Models

1 & 2, thus corroborating its inclusion in the model.

The behavior of the model over the estimation period is shown
in Figure 3. This model tracks the actual data more closely than
models 1 & 2 as seen by the reduction in the RMS Error. The model
picks up all turning points and captures the actual data in a 95%
interval for a majority of. the sample observations.

The model was forecast with the same series as Model 1 and
each year of the forecast was adjusted by the error in 1977 to
take account of the predictable behavior of the errors. The result-~
ing forecast is shown in Figure 4.

The forecasts provided by these models lie in the range 10,420
to 10,840 MMKWH. A calculated prediction interval for the 1588
forecast for Models 1 & 2 is + 1300 MMKWH. Such an interval was
not calculated for Model 3 but can be expected to be in the same
range based on its similarity to the other models.

In summary, the three models presented represent a reasonable
estimate of the hehavior of kWh sales in manufacturing for the
following reasons:

1. The estimation period covers a period where there was
movement in dependent and independent variables in
both directions,

2. The models are statistically sound in all pertinent
areas - RMS Error, R2, t's, turning points, and

3. The systematic behavior of the errors in each model
was incorporated into each forecast.
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value Added -~ The possibility of forecasting by SIC with value
added orojections was invastigated but, after 2 therough analysis,
wds eliminated as a feasible method of icrecasting large industrial
sales. It was found to have a number of serious problems including
the following:

1. Value Added is only available annually with a two
or three vear lag.

o

wizh considerable error,
level of industrial dis-

. It is general.y measure
especially on a detaile
agregation. Errors result from sampling error
because, except for the Census of Manufacturing
data, value added is obtained from sample surveys.
Sampling errors of 3 percent or more are not un-
common, even at the two-digit SIC level.

é
d

3. To be useful, the value added data must be converted
to "real" terms. The data necassary for this
doesn't exist.

b. The correlation between national and local changes
in value added is very poor.
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Summary - The three methods used to arrive at forecasts of total
large manufacturing sales provided comparable base case results.
The manhour method produced a ten year growth rate (1978/88) of
2.7% while the industrial employment and regression methods both
resulted in ten year growth rates of 2.8%. The Wharton Econometric
Forecasting Associates' model, developed independently by them to
forecast P.E. Co. sales, also shows a growth rate of 2.8%. A
conservative approach was taken, and 2.7% was selected as the

base case ten year growth rate which allows for the possibility

of -an intensified rate of conservation.

The low and h‘g cases were derived by running the three
regression models with low and high projections of the IPI and
GNP*. The lowest result of 9,800 million kWh was selected for
the low case, and this was adjusted downward by 300 million kWh
in 1988 after analysis of the Large Ten customers to cover possible
exceptional reductions or cancellations of planned increases in
that group. The low estimate for 1988 is therefore 9,500 million
kWh.

The high figures ranged from 10,640 to 11,950 millicon kWh
and 11,500 was selected for the high case. This is in the center
of the results obtained using the higher IPI and GNP values in
models 1 & 2 and approximately the same as the results obtained
from model 3 with the higher IPI value. The respective low and
high ten year growth rates are then 1.7% and 3.7%. The WEFA
model's low case is 2.0% and the high case is 3.5%.

*Personal consumption expenditures for durable and nondurable goods
pPlus fixed nonresidential investment.
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' COMMERCIAL

The Commercial market consists of commercial and service-
oriented customers grouped in the Other-Nonmanufacturing sector
of the class designated by the Company as Large Commercial and
Industrial and also the small commercial customers who make up
approximately 90% of the Small Commercial and Industrial class.

Other Nonmanufacturing - is defined as large commercial sales
excluding single-point-metered apartments (SPM apartments}. It
includes all Rate PD and Rate HT customers who are in SIC's 19
and below and 40 and above, except the SPM apartments which are
included in SIC 66. This means that certain loads not always
thought of as commercial are included in this class. Pipelines,
transportation. services, and electric, gas, water and sanitary
services are among those included. Also included are governmental
accounts on Rates PD and HT such as the Navy Yard and the Mint.
Billing records indicate that approximately 15% of the total
kilowatt-hours in the other nommanufacturing class are consumed
by these "noncommercial" type customers.

It is necessary to consider this "noncommercial" load separ-
ately because the physical plant facilities differ drastically
from the "commercial" type loads. This is especially important
when considering such factors as square feet per employee and
conservation measures which apply to physical space. As examples,
no square footage 1is assoclated with pipeline loads and there are
very few employees per square foot for pipelines and water and
sewer plants. It is also important when considering the impact
of conservation legislation since the criteria applied to commer-
cial uses do not apply to these other types of customers in many
cases.

It is expected that the "noncommercial" load in this class
will grow at a faster pace than the "commercial" load. During
the 1974-77 period, total other nonmanufacturing grew at 3.0%.
0il pumping, however, grew at 4.8% and, based on present commit-
ments, will grow at an above average rate in the future. Water
and especially sewer facilities will be expanded to meet stricter
environmental requirements such as the prohibition of the City of
Philadelphia against dumping sewage waste in the ocean. Suburban
areas must also expand or construct new sewage treatment plants
to meet new standards. The U.S. Mint is expected to construct a
large addition and expand its manufacturing facilities, and the
Navy Yard is expected to get contracts to refit aircraft carriers
which will also add considerable load.

Other Nonmanufacturing sales grew an average of 333 million
kWh per vear in the pre-embargo period from 1966 to 1972. The
compound growth rate of sales for the same period was 7.9%. If
1973 was included, the figures would be inflated because of the
record setting heat during the summer of that year. The annual
changes in kilowatt-hours are shown below. ’
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1966 -
1967 -
1968 -
1969 -
1370 -
1971 -

In 1974, the oil embarg
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Million kWh
321 1372 - 361
2uy 1%73 - 500
391 1¢74 - (181}
346 1975 - 223
34 1976 -~ 216
124 1977 - 92
1378 - 182 (10 mos. act.

£ 2 mos. est.)

o producsd =he [irst decrease in other

nonmanufacturing sales since they were reacordad separately beginning
in 1960. During 1974, the customers in this class complied with the

government's request to conserve fuel,

and sales declined drastically.

After the embargo, however, growth resumed and the average annual kWh
increase for 1973 and 1976 returned to two-thirds of the average
annual increase for the 1966-72 period. 1977 saw a rasn of closings

of large department stores,

notels,

and supermarkets, but by mid 1978

most of these vacated buiidings were cccupied or being prepared for
the fact that s¢ many prime locations
became available lessened the need for new construction.

reoccupancy. Nevertheless,

As can be seen from the following table, commitments to construct
new space or to add load in existing space hit a low point in 1977.

Commitments - Million XkXWn
1975 - u98
1976 - 382
1977 - 136
1978 - 270 (10 mos. act. - 2 mOs. est.)

These commitments are expected to remain in the 250 million kWh
per yYear range as the economy in the area recovers from the effects of
An increase of this magnitude will

the severe 1974-75 recession.

support the forecasted 3.7% growth rate. ©One of the factors stimu-
lating the commercial market is the Philadelphia Industrial Develop-
PIDC assisted 20 commercial property
transactions invelving the construction or renovation of 508,200
square feet of space. These projects included the retention of 320
jobs and the creation of 1,275 new iobs in Philadelphia.{2) Indica-
tions are that the PIDC will be verv active in future years in re-
taining prasent business and enceouraging others to locate here.

ment Corporation. In 1977,
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Small Commercial & Industrial - is defined as those customers who
are billed on Rates GS and GLP. Analysis of Company records
reveals that 90% of the class is Commercial and 10% Industrial.

Small Commercial and Industrial sales grew an average of 72
million kWh per year in the pre-embargo period from 1966 to 1972.
The compound growth rate of sales for the same period was 3.1%.
If 1973 was included,, the figures would be inflated because of
the record setting heat during the summer of that year. For the
1975-1978 period, sales grew an average of 84 million kWh per
year alsc at a compound growth rate of 3.1%. The annual changes
in kilowatt-hours are shown below.

Million kWh

1966 - B84 1972 - 76
1967 - 38 1973 - 160
1968 - 131 1974 - (105)
1969 - 37 1975 - 66
1970 - 72 1976 - 131
1971 - 63 1977 -~ 63
1978 - 7¢ (10 mos act.

£ 2 mos est.)

In 1974, the 0il embargo produced a decrease in Small C § I
sales. Available records for this class go back to 1945 and 1974
was the only yvear in which kWh consumption decreased.

The growth rate for the 1978/88 forecast period is expected
to decline to 2.2% for several reasons. This class has had and
is expected to continue having a high saturation of electric space
heating in new construction plus a continuation of several hundred
customers converting to electric heat each year. With the increas-
ing rapid acceptance of the heat pump at the expense of resistance
type heating, however, total electric heating kilowatt-hours will
not increase as rapidly as in the past. &another factor contribut-
ing to slower growth will be the effects of ASHRAE 90-75 type
standards which will lower heating and air conditioning require-
ments as well as lowering the reguirements for other type loads.
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XSSUMPTIONS

(See also general assumptions in the first section}

CONSERVATION (Existing Buildings) - An analysis of 25 customers
in the other nommanufacturing class who were on system in 1973°
and who had made ne building structural changes through 1977
revealed that they lowered their electric consumption by 12.9%
over the four year period. According to Binswanger/Berman, (9)

who manages thirty-two Delaware Valley commercial and industrial
buildings, a 15% reduction in energy conservation c¢an be obtained
by reviewing the building equipment, good maintenance, and educa-
ting personnel. Projecting the findings from the sample to this
entire class of customers, existing buildings owned or operated
by these customers have apparently reached the point where house-
keeping measures to reduce electric consumption have nearly been

.exhausted. Therefore, future conservation measures will involve

engineering and cost analvsis studies and capital expenditures.

In the small commercial class, much of the spacge 1s rented
and the tenants are billed directly by P.E. Co. These customers
can conserve by taking limited noncapital invelved steps such as
using less lighting, reducing the number of air changes, etc.
They are reluctant, however, to make capital expenditures because
they do not own the building. On the other hand, as was brought
out at the New York State Energy Conference(l0}, landlords are
reluctant to install energy efficient equipment or improvements
because the tenant 1s the one who derives the benefits of the
energy savings. The only way the landlords can recoup their
investment is by raising rents, and this wipes out the energy
savings realized by the tenants. In addition, the tenants'
business would be interfered with while renovations were being
made. Because of these problems, capital investment in energy
savings in the small commercial sector is expected to be minimal.

In large commercial buildings such as office buildings and
shopping centers, the owners lease much of the space. The owner
is billed on either rate PD or HT and includes the utility costs
{(plus a nominal profit) in the rent charged the tenants. O0Of the
174 members of the Philadelphia Building Owners and Managers
Associlation, only 25% represent buildings which are totally owner
occupied, and this is typical of the Philadelphia area. Under
this situation, the owner has little control over how his tenants
use electricity. As was also brought out at the New York State
Energy Conference (10), "submetering in most commercial and
residential buildings would generate energy savings of 10-20
percent". For the owner to submeter a large building, however,
would be physically very difficult and also very costly. There
is, therefore, little incentive ro make capital investments in
energy saving equipment or material in these types of buildings.
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CONSERVATICON (New Buildings) - Governmental agencies will
continue to encourage energy conservation, and standards
based on ASHRAE 90-75 are expected to be promulgated by the
State of Pennsylvania in 1979. The Governor vetoed a bill
with these provisions in the Fall of 1978 because he con-
sidered it too complicated to administer. The legislation
will apply to new construction and to structures being
renovated., A strict interpretation of ASHRAE 90-75 would
reduce electric light and power consumption by 30% (as’
compared tec a structure built prior to the 1973/74 oil
embargo) in new office buildings and retail stores. (ll) It
could also cause average annual electric space heating use
to decline from the present 9 kWh per square foot, in new
construction, to 7 to 8 kWh per sguare foot.

A fact which must be borne in mind when assessing the
impact of ASHRAE 90-75, however, is that many of its require-
ments have already been implemented by designers and construc-
tors of buildings. This is evidenced by the reduction of
kilowatt-hours per square foot for electric space heating
and air condltlonlng for buildings constructed in P.E. Co's.
territory since the oil embargo. The following table illus-~
trates this. '

Other Nonmanufacturing Customers
Kilowatt-hours per Square Foot

Year Electric Space Heating Air Conditioning
1974 13.5 9.5
1975 11.7 9.2
1976 9.5 7.9
1977 9.5 6.7

CONSTRUCTION - For construction in specific S8IC's in the other
nonmanufacturing class, refer to the individual SIC discussions
in the Commercial Forecasting Methodology and Results section.
That same section also describes the method used to determine
total annual new commercial construction.
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ELECTRIC SPACE HEATING - Electric space heating is expected
to be the preferred source of heat by customers constructing
new space during the forecast period. In 1974, 36% of the
new large commercial (other-nonmanufacturing) space installed
electric heat. The saturation increased to 443 in 1976
(excluding an 0il heated warehouse of 1,100,000 square

feet), and to 61% in 1977. During the first ten months of
1978, 65% of the newly committed construction will install

~electric heat. For the base case, 1t is assumed that 50% of

future other-neonmanufacturing space will be heated elec-
trically since gas sales will reopen in 1979. Recent history
and the forecasted prices of competitive heating fuels
support thig level.

In the small commercial and industrial class, the
present saturation of electric space heating is expected to
continue until gas becomes available for new customers in
1979. Presently 70% of the new small commercial and industrial
customers install electric heat. For the base case, it is
assumed that 50% of the future new customers will install
electric heating after gas becomes available.

0Of the new small commercial and industrial space heating
customers in 1978, U40% are installing heat pumps. This per-
centage is exXpected to increase to 70% by 1988. It has only
been in the past few years that residential and commercial
heat pumps have bheen actively promoted by manufacturers,
distributors, and electrical contractors. Thelr acceptance
has been quite rapid and, as they become even better recognized
as an efficient heating system, it is expected that their
saturation will increase,

A plus factor for the heat pump is that it can be in-
stalled either on the roof or on the ground next to the
building. This is an important consideration for the small
commercial customers since interior space is very costly and
extremely valuable. Another plus factor for electric space
heating in both the large and small commercial markets is
that the insulation and fenestration standards regquired by
ASHRAE 90-75 type legislation will provide low heat loss
building envelopes which are conducive to the installation
of electric heat.

For the low and high cases, the assumptions for both
the other nonmanufacturing and small commercial and industrial
classes are the same. The low case is based on unexpected
reductions in the future relative prices of oil and gas
while the high case is based on a continued freeze of new
gas sales and higher relative oil prices. In all three
cases, the kWh per square foot attributable to electric heat
will decline from 9.0 kWh in 1878 to 7.0 kWh per sqguare foot
in 1988 to reflect governmental regulations concerning building
design.
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GAS - Under condition's establisnhed in an order of the
Pennsylvania Public Utility Commission, we could not sign
new contracts for &as service after Pebruary, 1972. With
the recent improvement in the gas situation, it is expected
that in the base and low cases gas sales to new and existing
customers will be reopened in mid 1979. After 1979, it is
expected that 30% of the new customers in this c¢lass in our
gas franchise area l(excludes the City of Philadelphia) will
install -gas space heating. It is also expected that most of
the customers who wiil install gas heat would have installed
oil neat if gas were not available. The Philadelphia Gas
Works, which supplies gas in the City of Philadelphia,
recpened gas sales in the 3Spring of 1978. Indications to
date also indicate that those customers who are installing
or intend to install gas heat are those who would have taken
0il if gas were not available. The high case assumes addi-
tional gas will not be available during the forecast period.

AIR CONDITIONING - In line with actual experiences of the
past several years, it 1s forecast that 653 of new other-
nonmanufacturing space and new small commercial space will

be air conditioned. The connected watts per square foot for
new air conditioned space is expected to decline from 4.4
watts per sguare foot in 1978 to 3.5 watts by the end of the
ten year forecast period. This reduction is expected because
of the more energy efficient design of future buildings.
Conversion of space from non air conditioned to air conditioned
will remain relatively low reflecting the fact that a high
degree of air conditioning saturation has already taken

place in the commercial market.

The average estimated equivalent hours of full load
operation for small commercial and industrial customers is
760 hours per year for existing cooling equipment, which is
a mixture of room coclers and central plant. For new cus-
tomers, both other-nonmanufacturing and small commercial and
industrial, 1,200 equivalent hours of full use is assumed
since new customers install central air conditioning.

SERVICE EMPLOYMENT - Service employment by SIC was cbtained
from the Pennsylvania portion of the Wharton Econometric
Forecasting Associates' model of the Philadelphia SMSA.
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RATES - It is assumed that there will be no major change
in the relationship between Raté GS, the major Small C & I

rate, and either Rate PD or HT, the Large C & I rates,
during the forecast period.

NUMBER OF CUSTOMERS - The total number of small commercial
and industrial customers decreased each year from 1955 until
1975. These decreases were mainly the result of "mom and

pop" neighborhood stores going out of business and the demo-
lition of older residential and business areas for potential
redevelopment. With very few exceptions, the customers lost
were nonelectric heat. There were, however, net gains of

526 customers in 1976 and 461 in 1977. This trend 1is expected
to continue for the forecast peried with the number of new
customers added exceeding the number which go out of business.
The net result, therefore, is a moderate annual growth in the
total number of customers.

SOLAR ENERGY - During the forecast period, solar energy will
be used by a small but increasing number of small commercial
and industrial customers for water and space heating. As

of mid 1978, there were five small commercial and industrial
customers with solar heating systems either installed or
being installed. By 1988, this number is preojected to in-
crease to approximately 250 customers. The impact of solar
energy on the class is, therefore, expected to be negligible.

ELECTRIC VEHICLES - It is assumed that commercial electric
vehicles will contribute little to electric consumption during
the 1978-88 forecast period. Although General Motors is a
leading proponent of electric vehicles as special purpose cars
and trucks and American Telephone § Telegraph will convert its
light duty fleet to electric if their present experiment with
electric vehicles is successful(l2), it is expected that sig-
nificant acceptance of commercial electric wvehicles will not
result until after 1988. It is also assumed that electric
truck batteries would be recharged at nigcht so that system
peaks will not be impacted.

SINGLE-POINT-METERED APARTMENTS - The forecast is based on

1,000 units being constructed in 1979, 1,000 units in both
1980 and 1981, and no further construction after 1981. The
assumption is that apartments will be built, but individual
meters will be installed because single-point-metering is in
disfavor due to the difficulty of transferring increased costs
to tenants. This assumption applies to all three ranges. The
low range assumes that the tenants' conservation efforts will
be intensified and that more efficient appliances will be
produced and installed. The high range allows for less con-
servation.
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G OMETUoDOLOGY AND RESULTS
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Four methods were uscd to forecast Other Nonmanufacturing
commercial sales. These methods were kilowatt-hours per manhour
by SIC: Other Nonmarufacturiag kiloewart-hours per person in the
populanion; various ved #i0n andlvses; ard commercial sguare
footage. The method used to forecast the Smali C 6 I class was
square {eet peor employeée co wnich varinus ené uza factors were
applied. The discuss:ion of =ach ot these methods follows the
discussion of the two digit SIC's.

DISCUSSION OF ATHER NOWMANUFACTURING TWO DIGTIT 8IC's

Uffice Buildings

/N % kWh £rom previous year

1967 - 6.6 1871 - 9.3 1975 - 6.0
1968 - 10.8 1972 - 10.5 1976 - 5.3
1969 - 10.6 . 1973 - 15.6 1977 - 1.9
1970 - 11.0 1974 - (2.0)

During the past four years, there has been tittle new office
bUlldlhq construczion sc¢ that most of th=2 previously over-built
space has been filled. The unoccupled rate has now dropped to
11%, which is very close to the rigger point where new office
construction starts. There i3 very little Class A space avall-
able. According to the 1978 Piart and Cffice focation Guide(9)
there is a definite lack of space frnr major users who need a lot
of space together. Only one center city bkuilding could provide a
tenant with 200,000 sguare feet of contiguous space and only
three could come up with 100,000. Construction was started in
the summer of 1878 on a large office building, the SmithKline
Building. Also an office building of 600,000 square feet is
proposed by the Rouse Co. near Ninth and Market Streets in
Philadelphia.

The growkth in use of computers and data processing equipment
is expectad to exert 4 wvery 20sitive influesnce on electric consump-
tron by office buildings. A study o eperyy consumption in 50
cffrce buildings 1n the City of Philadelphia was made in 1974.(13)
The varlabplsas examined were building ace, condlition of kbuilding,
dverage occupancy, [vpe oT HVal system, grass square footage,
owner ccoupled or leased, and vresence or absence of computers,
data processing equipment and suppor: facilities {identified as
CDS). Analvsis showed ifhat «he major factor affecting energy
consumption was the prosence of CDS. In many of the buildirigs
the systems i.e., HVAC, lighting, elevators, foced handling, etc.,
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were opera+tional to support extended data processing operations
which, in some instances, were carried on.around the clock.

Also, the data processing and related activities affects energy
consumption in that the HVAC system (cften using reheat) consumes
more energy to provide the temperature and humidity specified for
data processing eguipment. With the use of computers growing
rapidiy (14), this will result in increased electric consumption
by office buildings. Exhibit C-I illustrates the difference in
electric consumption between buildings located in Philadelphia
with and without CDS.({13) The age of the buildings surveyed
ranged from two years to 85 years. A similar study was made by
the FEA in Baltimore, Maryland and the same results were fourd.
(15) ’

Another factor which will result in greater use of all
building facilities is the increasing trend towards flexitime.
More and more employers.are allowing employees in commercilal type
jobs to work hours which suit their lifestyle. With workers
being in the buildings both before and after "normal” working
hours, energy consumption can be expected tc increase,

Wholesale and Retail Trade

A% kWh from previous vear

1967 - 7.9 1971 - 4.9 1975 - 2.8
1968 - 7.4 1872 - 6.7 1976 - 1.7
1969 - 6.7 1973 - 7.8 1977 - 1.9
1970 - 6.2 1974 - (4.0)

The growth in this group over the past several years has
slowed because of the recession and conservation. As a result of
poor business conditions in 1974 and 1975, many prime business
locations were vacated. As examples, nine Lit Brothers locations,
26 Grants' stores, 3 5. Kleins' department stores, 37 Dales and
Penn Fruit stores, and a number of A & P markets were closed.
With few exceptions, these locations have now been occupied by
other customers. Because these were prime locations, it was
advantageous for the new owners to purchase the properties rather
than build at less desirable sites. As a result, this had a
dampening affect on new construction. Now that these prime loca-
tions are occupied, customers desiring to expand or relocate must
construct new buildings which shcoculd exert a positive influence
on consumption by this group of customers.
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ANNUAL ELECTRIC CONSUMPTION

ledlan: Bldg. Use:

orf. w/CDs -25.33 KWH/F1l

BYGY

o~ 3
z Median: Bldg. Use: Gen. OFf. -14.76 KWHAL2
%‘40—- , :
E — \___. /\
3 20+ \ 8- 0N
= i\ Vo ————————— - e e e e e ..
(%] .l‘. ’ !-" \.‘-.__.. ____.---'""_—- T —
= K RV \\_03\’ ® e
[osd - ()
S
o
el 4] T T )] T T T T T I !
100 200 300 L00 500 600 700 800 300 1000
Bldg. Use: Off. w/CDS
Bldg. Use: Gen, Off. == - —e——-—
150 - GROSS AREA (THOUSAND SQUARE FOOT)
ANNUAL STEAM CONSULPTION
~
z Median: Bldg. Use: OFF. w/CDS -63.88 Lbs/Ft2
=~ Median: Bldg. Use: Gen. Off, ~49.72 hs/R2
‘%00-
g \1
é \\ . "
& PN —
g ‘o £y t
550—' w f\\ ' -A‘ e - — _._-l—-._____-‘.“-“ .
© V \ - S
:1.; T ey - ———
[
[
(5]
Y T T 1 T | T { 1 ! I
100 200 300 400 500 600 700 800 900 1000
Bldg. Use: Off. w/CDS
GROSS AREA (THOUSAND SQUARE FOOT) Bldg. Use: Gen. OFf. - _____ -
SOURCE:

Hatioral Electrical Manufaciurers Assocjation,

NEWA Study, 1974,

"Energy Gonsymption in Commercial Buildings in Phjladelphia".

T-0 3TQrYx3



211

457a

Shopplng centers are included in this group and indications
are that after two large centers now planned are constructed
future shopping centers will be on a smaller scale. Limited
availability of suitable building sites and zoning and environ-
mental restrictions are the limiting factors, per the president
of the Rouse Co. one of the most prominent developers of shopping
areas .(16) They expect, however, to see more small localized
shopping centers which should counter-balance the lack of large
shopping centers.

Government

. /A% of kwh from previous year

1967 - 5.0 1971 - 6.1 1975 - 5.4
1968 - 9.1 1972 - 4.6 1976 - 3.2
1969 ~ 7.1 1873 - 4.4 1977 - (1.0)
1970 - 5.3 1974 - (5.7)

This group includes federal, state, and local government in-
stallations on Rates PD and HT. All the Philadelphia public
schools on Rates PD and HT are also included. The decline in
consumption during 1977 was primarily the result of the Frankford
Arsenal closing, the phasing out of Philadelphia General Hospital,
and the partial phasing out of Norristown and Philadelphia State
Hospitals. There are, hcowever, good growth prospects for this
group of customers in the "noncommercial-space" segment. The
State Legislature has passed a bill requiring some primary sewage
treatment plants tc be converted to the secondary level. Also,
the City of Philadelphia has been ordered to cease dumping treated
sewage in the ocean which means processing equipment will be
required. In addition, the Philadelphia Naval Yard is gearing up
to handle the reconditioning of the Saratoga and possibly three
other aircraft carriers, and this load will peak in the early
1980's and continue for several years. According to a study made
by Wharton Econometric Forecasting Associates for the City of
Philadelphia, twelve thousand jobs will be created in the Phila-
delphia area by decing the reconditioning work here.(l17)
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Utilities

/\ % kWh from the previous year

1967 - 1.3 1971 -~ (0.3) 1975 - (0.6)
1968 - 7.4 1972 - 5.5 1976 - 0.9
1969 - 6.1 1973 - 5.0 1877 - 2.6
1970 - 6.1 1974 - (2.7)

Included in this group of customers are telephone companies,
suburban water companies, Philadelphia Gas Works, radic and TV
stations, and trxansportation terminal facilities such as the 30th
Street Station. Growth in this group is expected at 3% per year
as new facilities are added and modernized to meet their customers'

needs. :

0il Pumping

A% kwh from previous year

1967 -~ 12.4 1971 - 1.3 1975 - 1.4
1968 -~ 21.4 "1972 - 11.1 1876 - 6.0
1969 - 6.1 1973 - 8.6 1977 - 7.2
1970 - (1.0) 1974 - (4.3) :

Consumption by this class is closely tied into economic con-
ditions. This is evidenced by the decline in consumption in the
years' of 1970 and 1974 which saw the beginnings cof recessions. '
New pumping stations, of course, also influence consumption. At
present, there are two stations under construction which will use
a total of 46 million kKWh per year, and there are two proposed
stations which will consume a total of 25 million kWh per year.
This compares to 1977's consumption of 93.2 million kWh for this
class of customers.

Schools and Colleges

A% kWh from previous year

1967 - 17.3 1971 - 17.2 1975 - 0
1968 - 21.3 1972 - 12.1 1976 - 10.7
1969 - 17.6 1973 - 13.1 1977 - (0.6)
1970 - 13.7 1974 - (2.7)

Since the birth rate is declining, school construction, once
a majoér source of activity, ostensibly has run its course. It is
expected that load from new construction and additions will be
offset by school closings.
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Hospitals
/A% kWh from previous year
1967 - 15.1 1971 - 8.7 1975 - 11.3
1968 - 19.0 1972 - 8.4 1976 = (0.7)
1969 - 13.2 1973 - 15.7 1977 - 6.9
1970 - 9.6 1974 - 4.1 ‘

Hdspitai construction in our service area is proceeding at
a rapid rate. The following is a list of hospitals which either
have space under construction or in the planning stages. (18)

Hospital Space Under Construction or Planned

Hospital : Square Feet
Coatesville ] 198,000

Wills Eye 225,000

St. Lukes and Childrens Med. Ctr. Not yet determined
Graduate 250,000

North Penn 150,000

Pa. Drug & Alcochol Rehab. Ctr. 60,000

Parkview Not yet determined
Friends 140,000

Crozier Chester Med. Ctr. 3,000

Bryn Mawr 40,000

Lankenau 100,000

Delaware Memorial 50,000

Rolling Hill 120,000
Haverford 63,000
Hahnemann 474,000

Medical College Gf Penna. 150,000
Jefferson 1,400,000
Germantown 160,000

Total 3,543,000 plus two not as

yet determined

In addition to construction normally thought of as hospitals,
nursing homes or retirement centers with in~house medical facilities
are also included in this group of customers. As of May, 1978,
twelve customers of this type either have buildings under construc-
tion or in the planning stages with a total capacity of 1,285 beds.
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Hotels and Apartments - (Excludes Single-Point-Metered Apartments)

/A % kWh from previous year

1967 - 2.7 1971 - 17.8 1975 ~ 1.8
1968 - (3.4) 1972 - 6.4 1976 - 8.8
1969 - 30.6 1973 - 9.9 1977 - ({5.9%9)
1970 - 8.2 1974 - 3.1

1977 saw a negative growth in kilowatt-hours as the Bellevue

‘Stratford closed and the Warwick was remodeled into electrically

heated condominiums, which now fall in the residential class.

With a severe shortage of hotel space, the Bellevue (Fairmont} is
now in the process of lbeing renovated and construction of a large
hotel in the Franklintown area has started. Over the next several
years this will exert .a strong positive influence on kilowatt-
hour consumption by this group.

FORECASTING METHODS FOR OTHER NONMANUFACTURING

Manhours - This method used historic and forecasted manhours and
kilowatt-hours per manhour for the various commercial SIC's.
Manhour data was obtained from the Pennsylvania portion of Wharton
Econometric Forecasting Associates' (WEFA) model of the Philadelphia
SMSA. The manhour data from the model was available from 1969, :
Using Company sales by SIC and the WEFA manhours, the growth

rates  in kilowatt-hours per manhour by SIC were calculated for

the 1969-77 period. This time period covers a period of slow
economic growth and the conservation induced by price-elasticity

as well as other efforts to save energy from the time of the 1973
0oil crisis.

These growth rates were then applied to WEFA's forecasted
manhours to 1988. The product of manhours and kilowatt-hours per
manhour produced the forecast of kilowatt-hours for each of the
two digit SIC's. The exception to this procedure was single-
point-metered apartments which were excluded from commercial
because they are residential and are shown separately in the
forecast. '

The sales estimate produced by the manhour method is 10,695
million kilowatt-hours for 1988 for Other Nonmanufacturing.
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Commercial Employment - The total population history for the 461a
Philadelphia Electric Company service area was obtained for
the 1965-1977 period. The average P.E. Co. nenmanufacturing
kilowatt-hours per person in the population was next deter-
mined for each of the historic years, after first weather
correcting each year's sales. This historic average kilowatt-
hour data was then projected on a curve and applied to the
Company 's population model to obtain estimated sales for

each year through 1988. Since single-point-metered apartments
are included in total nonmanufacturing, they were deducted.

To ¢obtain system sales, other nonmmanufacturing sales for
Conowingo Power Company were added. This method resulted in
9,355 million kilowatt-hours in 1988 for the base case. The
low and high cases are 8,463 million kWh and 9, 9,868 million

kWh respectively.

Other Nomnmanufacturing Regressions - Sales in the "Other
Nonmanufacturing” category were analyzed relative to subsets
of the following independent variables:

Gross Regiconal Product 1972$% - Phila. SMsa (7}

Real Disposable Income 1967$% - Phila. SMSA (7)

Services Component of Gross National Product 1972% (7)

Value Added in Nonmanufacturing 1972$% - Phila. 5-County Area (7)

All plausible combinations of variables were examined including
lags of dependent and independent variables. The following models
were selected due to the reasonableness of their structure, their
statistical properties and their observed behavior over the estima-
tion pericd. A brief discussion of each model follows its presen-

tation.
Model 1:
KWH NONMFG = -1655.9 + 21.3 GNP*
(-2.89) (12.09)
R% = 0.942, F = 146.1, RMS Error = 205 (3.9% of mean
KWH NONMFG)
Model 2:
KWH NONMFG = -2812.1 + 0.2647 YPD + 0.7597 KWH NONMFG_,
(-2.53) (3.15) (13.18)
R%2 = 0.992, F = 535.1, RMS Error = 73 (l.4% of mean
KWH NONMFG)
Model 3:
KWH NONMFG = -6163.2 + 14.1 GNP* + 0.4324 YPD_
(-5.33)  (6.77) (4.08)

2

R = 0.981, F = 208.7, RMS Error 116 (2.2% of mean

KWH NONMFG)

* Services component of Gross National Product
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Model 1

This model relates nonmanufacturing sales to the services
component of the real Gross National Product. Since the majority
of sales in nonmanufacturing go to the services industry it is
reasonable that such a model would provide a good fit to the kWh
consumption in this sector.

The behavior of this model over the estimation period is
shown in Figure 1 and confirms the prior expectations about this
model: '

1. The statistical fit is good,

2. The later years of the model overestimate sales which
is logical given the lagging nature of the Philadelphia
regional economy.

- The model has good forecasting properties in that it picks
up most turning points and encompasses the actual data in a 95%
confidence interval for a majority of the sample points.

This model was forecast using the Wharton National model. To
improve the reasonableness of the forecast, the Model results
were adjusted down in each year of the forecast by the forecast
error experienced in 1977. The forecast is shown in Figure 4.

Model 2

Real disposable personal income and the lagged value of kWh
sales to the nonmanufacturing sector are the determinants of kWh
sales in this model. These two variables combine the notion of &
partial adjustment process relative to kWh sales and the reasonable’
assumption that the service industry is responsive to the real
income level of consumers. As seen by the statistics for the
model, the combination of these variables results in an excellent
fit to the data over the sample period.

The behavior of this model over the estimation period is
shown in Figure 2 and demonstrates the validity of this formula-
tion. As expected, the inclusion of the lagged dependent variable
explains the inertial effect of kWh sales as reflected in a more
random error term than that of Model 1.

The model tracks the data well and includes the sample
points in a tight 95% confidence interval for nearly every sample

point.
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The model was forecast using the Philadelphia Regional
Economic Model developed by Wharton Econometric Forecasting
Associates, Inc. To ensure a more reasonable forecast, the
forecast error in 1977 was used to reduce the forecast for kWh
sales in each year of the forecast. This forecast is shown in
FPigure 4.

Model 3

The services component of real Gross National Product and
real disposable personal income comprise the last model for
nonmanufacturing sales. These variables represent similar deter-
minants of sales in this sector with the addition of a lag on the
income variable which attempts to pick up the notion that the .
services industry does not respond immediately to changes in
consumer demand (as represented by the income variable).

The behavior of this model over the estimation period is
shown in Figure 3. As can be seen, this model also tracks the
data very well and encompasses almost all of the sample points in
a 95% confidence interval.

The model was forecast from the same data sources as—Models
1 6 2 and was also adjusted in each year of the forecast by the

error in 1977. The forecast is shown in Figure 4,
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The three forecasts shown provide a range of kWh sales in
1988 from 10,020 MMKWH to 10,750 MMKWH, a spread of approximately
11% of 1977 sales. A calculated prediction interval for Model 1
for the 1988 value is + 1060 MMKWH. Such an interval was not
calculated for Models 2 & 3 but would be expected to be in the
same area given the similarity in the nature of all three models.

In summary, the three models presented represent a reason-
able estimate of future kWh sales to the "Other Nonmanufacturing”
sector. The forecasts of these models can be expected to be
slightly above realizable consumption since the models capture
only price related conservation, thus any mandated conservation
in this sector beyond that related to a rational economic choice
on the part of the investor would not be included in the forecasts
of these models. The models are sound assessments of existing
behavior of this class for several reasons:
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1. The estimation period includes movements of all
variables in both directions and covers a wide
range of economic conditions related to this
sector.

2. The models have good statistics in all pertinent
areas - RMS Error, R2, t's, and turning points, and

3. The models' forecasts incorporate the respective
1977 forecast error to take account of the low growth
in sales from 1976 to 1977.

Commercjial Square Footage - This method is based on square feet

per commercial employee and the number of nonmanufacturing employees
in the labor force. Since-there is no adequate and comprehensive
estimate of commercial square feet available for our area or

region, national data was used to develop it. According to the
former FEA's "Project Independence Report", there was an estimated
21,616 billion square feet of commercial space in the United

States in 1970.(19) National data for the number of nonagricultural
and nonmanufacturing employees in 1970 was obtained from the U.S.
Department of Commerce Statistical Abstract of the U.S., 1977:
Dividing the 47,413,000 employees into the total number of square
feet of commerC1al space yielded a figure of 456 square feet per
employee,.

An analysis of the use of electricity by the commercial
sector on Long Island prepared by the consulting firm of Dubin,
Mindell and Bloom (20) for the County of Suffolk, New York, in
1975, used a similar approach and assumed a factor of 475 square
feet per emplovee.

An analysis of 25 large commercial establishments built in
our territory during'the 1975-78 period, without warehouse. space
and most being offices, revealed an average of 401 square feet
per employee. These buildings have a much higher population
density than do other forms of commercial space which have ware-
housing or inventory storage space associated with them.

Based on the square footage figure obtained by these various

means, it was assumed that there are 465 square feet per "commercial"
employee, and that is the figure used in this forecast.
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1

The projections of future commercial employment by year for
our service area (excluding Conowingo Power Co.) were obtained
from Wharton Econometric Forecasting Associate's Philadelphia
Quarterly Model. Applying the 465 square feet per commercial
employee to Wharton's projections of commercial employment pro-
vided an estimate of 121 million square feet of new commercial.
space in the 1978/88 period. To determine the kilowatt-hours per
square fcot to be obtained from new commercial construction, the
actual new construction data for our territory from 1974 to 1377
was analyzed, The average for the period was 34 kWh per square
foot. Multiplying the 121 million square feet by 34 kWh resulted
in 4,100 million kWwh in 1988. This was added to F.E. Company's
weather corrected small commercial and other nonmanufacturlng
sales of 8,620 million kWh in 1977 for a total of 12,720 million
kWwh. To this figure were added known extraordinary future "non-
commercial” loads which are included in other nonmanufacturing.
Included in the "noncommercial" type loads were known water and.
.sewer plant construction and the refitting of the Saratoga and
three other aircraft carriers at the Philadelphia Navy Yard.
These add 300 million kWh. Known oil pumping stations already
under construction and in the planning stages added another 70
million kWh,

As existing customers can be expected to add equipment, a
growth factor of 1% per year was applied to 1977's weather cor-
rected saleg less the "noncommercial" type locads. This added 610
million kWh, Much of this growth is expected 'from the increased
use of data processing equipment which is the single most influ-
ential element in determining a building's use.of electricity. (13),(15)

Reductions are expected from additional conservation by
existing customers and from conservation in new construction,
Existing customers have already conserved 13%, and it is estimated
that they will conserve an additional 7%. This additional 7%
conservation was applied to 1977's weather corrected commercial
sales except that portion which represents the "noncommercial"
type loads, This lowers 1988's sales by 540 million kWh, Conser-
vation in new construction was estimated after reviewing A.D.
Little's analysis of the maximum impact of ASHRAE 30-75 on energy
consunptlon in new building design. (11]) Actual reductions in
comparison to pre-ASHRAE 90-75 standards are expected to be
somewhat less, The assumptions used in this forecast reduce
electric space heating kilowatt-hours 27%, air conditioning 21%,
and other load 20% during the 1978-88 period and amount to 840
million kWh in 1988.

The net effect of these gains and losses produce P.E. Company
commercial sales of 12,320 million kWh in 1988. When Conowingo's
sales of 185 million are added, total commercial sales for the
system are 12,505 million kWwh. Deducting 90% of the Small Commer-
cial and Industrial Sales forecast for 1988 (10% is industrial)
results in Other nonmanufacturing sales of 9,335 million kWh in
1988.
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Summary - The four methods used to determine the forecast of
Other Nonmanufacturing sales provided a range of results. This
is not unexpected. It is well known in the electric utility
industry that the most difficult class to forecast is large’
commercial sales due to the fact that limited factual data is
available. The primary reason for the limited availability of
data 1s the heterogeneity of the class which includes many dif-
ferent types of customers. Included are such diverse types of
operations as sewage treatment plants, schools, offices, and..
shopping areas. In addition, there is great diversity within
each type of operation as to size, installed électrical equip-
ment, tyoe of use, etc. For these reasons, judgement is an
essential factor in analyzing the sales results forecast by the
various methods. :

The four methods produced the following base case forecasts
of ten year (1978/88) growth rates: manhours - 5.1%; commercial
employment - 3.7%; reqression methods -~ 4.8%; and square feet per
empleoyee - 3.7%. The Wharton Econometric Forecasting Associate's
model, developed independently by them to forecast P.E.Co. sales,
shows a growth rate of U4.6%.

A conservative approach was taken, and the square feet per
employee method, which produced the lowest ten year growth rate,
was selected as the base case. This method was chosen because it
was bdsed on national ‘and supportive regional data plus the fol-
lowing: it incorporated known major additional loads coming on
system; differences in growth rates between "commercial" and
"noncommercial” type loads in the class were recognized; it took
cognizance of the fact that existing customers will continue to
add locad at the same time that they are taking steps to conserve
on exlsting loads; and the effects of ASHRAE 90-75 on new construc-
tion were taken into account.

Since the base case had the lowest ten year growth rate, the
low case was derived by changing some of the square feet per
employee base case assumptions. It was assumed that the 1%
growth rate of existing load would not occur, conservation of
existing load would increase from 7% to 12% for a total of 25%
since 1973, and conservation in new construction would increase
from 27% for electric space heating, 21% for air conditioning,
and 20% for other load to 30%, 25% and 25% respectively. This
produces a low case growth rate of 2.6%. The manhour method did
not include low and high projections. The commercial employment
method resulted in a 2.7% annual growth rate and the regression
methods 4.4% for the low case.
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The high'case is the result of running the three regression
models with the high projections of the services component of
real Gross National Product and real disposable personal income.
The median of 10,500 million kWh was selected as the high case
and produces a ten year growth rate of 4.9%.

Small Commerc1al & Industrial Method - This class was forecast by
a method very similar to that just described in the Other Non-
manufacturing Commercial Square Footage method. The customers in
this class are not brcocken down into SIC's. The forecasted sales
for 1988 are 3,520 million kWh which is a 1978/88 growth rate of
2.0%8. By changlng the variables, the growth for the low case
forecast is 0.7% while for the high case forecast it Is 2.7%.
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OTHER CLASSES OF SERVICE

'STREET LIGHTING

The base forecast is an annual growth rate of 1.0% for the
1978-88 period. The low and high ranges are 0.4% and 1.5% respec-
tlvely. Under all three ranges the growth of street lighting
sales in the City of Philadelphia will be minimal. Philadelphia
now has a high saturation of street lighting and limited undevel-
oped land. The low range is based mainly on a major portion of the
suburban mercury vapor luminaires being converted to the lower
wattage high pressure sodium lamps. A contributing factor to a
lower growth rate is the requirement that all new residential
developments be supplied with underground services. Since under-
ground supply costs more than aerial, there are frequently over-
fatio costs which the developers must pay. In communities which
do not require street lighting, this deters sales. The high
range assumes that pressures will be brought by citizens for
better llghted streets and roads and alsc assumes a minimum
conversion to high pressure sodium.

OTHER PUBLIC AUTHORITIES {RATES MLP AND FLP)

The base forecast is based on a stable population in the City
of Philadelphia. The low range assumes a continuing decline in
population with little need for additional public services. It
also assumes that the City of Philadelphia will continue its
practice of taking PD or HT services whenever a rate analysis
indicates they are warranted. The high range is based on a
rejuvenation of city dwelling with improved living conditions
which will require more public services.

RAILROADS AND RAILWAYS

During 1978, Amtrak/Conrail and Conrail/SEPTA (the former
Penn Central and Reading Systems) experienced considerable elec-
trical equipment problems which required cut-backs in services.
Early in 1978, an ice flow severely damaged the Safe Harbor 25 Hz
equipment, and normal power was not available until summer. In
addition, the Reading's Wayne Junction 25 Hz eguipment was plagued
with chronic outages but is expected to be back in normal operation
by December, 1978. To compound the problem, Amtrak/Conrail has
taken one of the four tracks from New York to Washington out of
service for repairs which means shunting off freight cars to
allow passenger cars to pass. Because of this, there has been a
considerable reduction .in freight operations on the former Penn

Central System.

.
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Because 0of these problems, 1978's kWh consumption by this
class is expected to fall 25 million kWh below 1977, and only
one-half of this reduction is expected to be regained during
1979. After 1979, the base case assumes that the 25 Hz elec-
trical stations will operate normally, that track repairs are
completed, that the airport feeder (now under construction) will
come on system, that SEPTA's entire Broad Street Subway fleet
and one-half of the city's trolleys will be replaced by 1981
under an UMTA Grant with an overall increase of 10% in kWh con-
sumption and that railroad freight rates will remain competitive
with trucks. The low range assumes that private automobiles
(fossil fueled and/or electric) will minimize passenger increases
and that there will be little increase in freight loads due to
truck competition. The high range assumes existing rail terminals
and subway stops will be modernized, that there will be a trend
from automobiles to public transportation, and the railroads will
compete successfully and improve their freight business.

SALES FOR RESALE - The base forecast growth for this class is
minimal because the Borough of Lansdale accounts for 99% plus

of the load, and it has little room for new construction due

to geographical limitations. The low range is based on con-
servation and price elasticity keeping residential consumption
down and a slower than anticipated economic growth rate placing

a damper on industrial and commercial sales. The high range is
only slightly higher than the base due to the limited possibility
for new construction.

INTERDEPARTMENTAL - The base case and high range are based on all
budgeted construction coming on line as planned. The low range
assumes additional conservation and all planned construction
being cancelled.
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[

% ATLANTIC RICHFIELD. BF OILs, SUN OIL. SCOTT PAFPER: LUKENS STEELs
: uU.S. STEEL,» BUDD CO., FIRESTONE. LINDE AIR PRODVETS, MERCK,

BZe

Table C-III

1981 1982 1983
2060 9340 9650
7800 8000 8220

860 860 860
830 830 830
7700 8040 8420
4590 4830 7070
8560 8900 9280
7420 7660 7900
174620 18240 18930
15220 15440 16120
712 744 778
&B7 707 728
1417 1671 1727
1471 1482 1494

PHILADELFPHIA ELECTRIC COWFAMY SYSTEM

LARGE COWMMERCIAL ANI

INDUSTRIAL

850
820

8780
7330

2430
8150

196190
146400

Bl4
750

1784
1504

10330
8700

(@ @
rJ

[{~ =]

9170
7590

10020
8410

20350
17110

1987
10720 11150
8270 9A79
a5o 840
Bz0 B30
P90 10030
7840 8130
10440 10879
8480 B9SO
211460 2202
17450 18220
892 234
797 822
1261 1943
1524 1535
R & F DEFT.

DECEMEBER 1978

1988

11590
FEO0

B445
810

10500
8420

11340
2230

223840
18730

7Y
848

2024
1544

BpLy
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FHILADELPHIA ELECTRIC COMFANY SWGTEﬁ

LARGE IMDUSTRIAL - MMEWH

SIC NO. CLASSIFICATION . 1979 1980 1981 1982 1983 1984 1985 1984 1987 1783
20 FOOL & KINDRED FRODUCTS 747 784 797 808 820 H34 gais 8al °ey 93Y
20 TEXTILE MILL PRONUCTS . 135 137 134 130 127 125 122 119 LS IR
23 AFPAREL & RELATED FROLUCTS &4 &5 65 a4 &4 &4 &5 &5 T hé
26 FAFER & ALLIED FRODUCTS -58? &07 405 590 G580 572 G564 T S7% R
27 FRINTIHG & FPURLISHIWG ' 199 201 202 203 204 205 208 207 0% 214G
28 CHEMICAL & ALLIED PRODUCTS 1144 1184 1184 -1174 1169 1147 1140 1150 1139 112e
29 HETROLELIM

THREE HMAJJDR 0D1L COMPANIES 1222 1310 1315 1315 1315 1330 1355% 1400 1293 1510
DTHER SIC 29 a7 71 75 77 £4 89 7?4 99 1045 111
TOTAL SiC 2y 1289 13581 1390 - 1394 L399 144 L4ay 1504 LESS tazl
30 RUHBRER 473 485 493 478 Gi4 535 353 572 fae aUB;
OTHER nMON-LURABLES k4 ? 10 ] 10 1l 1t 11 12 12
32 STONEy CLAY & GLASS FPRODUCTS 17¢ JRELY) 183 180 180 ifn 182 184 LRI 187
.33 FRIMARY HETRLS
. TWO MAJUE STEEL. COMFANIES 151¢ 1570 La0 La7s 177¢ 1844 E2? A 2009 Ehow
OTHER 810 33 378 441 447 484 Y D7h .$J7 &8 Tran
roval SIL 33 1897 2011 2047 2161 aRRY EEEY 25u7 FYRYS EHY A
34 FABRICATED HMETALS 349 385 374 3o 351 KEE) 343 344 »waa Conan
35 HON-ELECTIRLCAL. HACHIMERY 435 CA4%0 4350 &4/ 454 iy Ity B Lt R
34 . ELECTRICAL MACHINERY l 458 45y 4472 4% 405 AV Any AL Juid KRBT
37 TRANSFURTATIUN EQUIFHENT A% 4%7 449 41y 3uY E7h R RV ERRY 4
3o LRSTRURENTS & RELATED PHODUETY 114 115 114 117 106 1065 Vi L34 P s
(FrHIRR DRF AL ] . bo Y HE i ! S O &4 il
107aLR 8430 _?OOU O30 OG0 W PRV EHo] P it Pishdon Lo
* JVALD #aY obT EQUAL THE SUr OF TIWARIVIOUAL CATAGURIES BUE TO RKOUMDING. [ S A1 I E
Table C-IV VHIVETRE L ks

| | ) o ! L | | 1 i - I | | I

BGLY
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CUSTOMERS W/0 ELECTRIC HEAT

CUSTOMERS - ANMUAL AVERAGE
ANNUAL AVERAGE USE ~ KuWH

ANNUAL SALES RWH (HILLiUNS)

CUSTOMERS WITH ELECTRIC HEAT

CUSTOMERS — ANNUAL AVERAGE
ANNUAL AVERAGE USE - KWH

ANNUAL SALES KWH (MILEIONS)

TOTAL ANNUAL SALES RWH (MILLIONS)

SPACE HEATING *
AIR CONDITIONING *
ENVIRONMENTAL

ALl OTHER LOAD

ACTUAL
1977

111320

21837
2430.90

4321
91240
394.0

210.0
304.0
13.0

2297.0

1978

111200
21931

2438.0

4800
?3870

454.0

2893

229.0
313.0

14.0

2337.0

1979 1980 1981 1982
111000 110800 110700 110700
21830 21988  221%¢ 22407
2422.0 2435.0 2458.0 2480.0
5400 &000 &600 7300
89124 88384 87092 B4174
483.0 $33.0 S78.0  436.0
2904 2970 3036 3107
243.0 247.0 289.0  311.0
2956.0 309.0 3220 335.0
14.0 14.0 15.0 16.0
2351.0 2379.0 2410.0 2443.0

% THE FIRST TWO YEAR'S LOAD ESTIMATES REFLECT ACTUAL WEATHER.
( NOTE: SUMS -MAY NOT EQUAL TOTAL OF INDIVIIWAL CATEGORIES TUE 7O ROUNDING.

0tz

Tehle C-V

1983

7900
84802

&72.0

I1L78

334.0
356.0
12.0

2474.0

1984

8600

H63434

7320.0

344.0
20.0

2311.0

BASE GASE
1985 1988 1987
110800 110800 110800
23095 2FI0Z 23505
23557.0 2581.0 2604.0
2300 10000 10700
82191 81054  BOLBA
767.0 813.0  958.0
3325 3394 3457
I78.0 0 401.0 42700
379.0 3%3.0 407.0
23.0 27.0 36.0
2544.0 2572.0 2401.0

K & F DEFT.

NOVEMRER 1978

110800
154683

2623.0

11400

217

441 .0
419.0

34.0

2628.0

BYLy




%

1£2

T0
78

79
80
a1
a2
83
84
85
84
87
88
a9

70

‘g1
92

?3

94
99

L1y

?7
98

1977

2.0
2.2 -
2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.1
2.1
2.0
2.0
1.9

1.8

‘1.8

1977

2788

1.7
1.7
1.6
1.5

1978

2845

NOTE: TOTAL

}

MMKWH

1978 1979 1980
2.3
2.2 2.1
2.2 2.2 2.4
2.3 2.2 2.3
2.3 2.2 2.3
2.2 2.2 2.3
2.3 2.3 2.3
2.2 2.2 2.2
2.2 2.2 2.2
2.2 2.1 2.1
2.1 2.1 2.1
2.0 2.0 2.0

© 2.0 1.9 1.9
1.9 1.8 1.8
1.8 1.8 1.8
1.8 1.7 1.7
1.7 1.6 1.4
1.6 1.6 1.6
1.6 1.5 1.5
1.5 1.5 1.5

1979 1980 1981
2910 2970 3040

1981

1982

2970 3040 3110

PHILADELPHIA ELECTRIC COMPANY SYSTEM

SHALL COMMERCIAL & INDUSTRIAL - MMKWH

COMPOUND GROWTH RATES - %

FROM

1982 1983 1984 1985 1986

2.3

2.2 2.2

2.3 2.3 2.5

2.2 2.2 2.1 1.8

2.2 2.1 2.1 1.9 2.1

2.1 2.1 2.0 1.9 1.9 1.7

2.0 1.9 1.9 1.8 1.7 1.4

1.9 1.B 1.8 1.4 1.6 1.4

1.8 1.8 1.7 1.4 1.5 1.4

1.7 1.7 1.4 1.5 1.4 1.3

1.7 1.6 1.5 1.4 1.4 1.3

1.6 1.5 1.5 1.4 1.3 1.2

1.5 1.5 1.4 1.3 1.2 1.1

1.5 1.4 1.3 1.2 1.2 1.1

1.4 1.3 1.3 1.2 1.1 1.0

1.3 1.3 1.2 1.1 1.1 1.0
TOTAL MMKWH

1983 1984 1985 1985 . 1987 1988
3180 3250 3330 3390 3460 3520

FOR 1977 AND 1978 HAVE

1

BEEN MORMALIZED.

| | 1 Tablie ET?I

1989

3570 3410 3669

1990

BASE CASE_

WHEN USING THIS TABLE: CHDOSE
THE STARTING YEAR FROM THE TOF
MARGIN» SELECT THE ENDING YEAR
FROM THE LEFT MARGINy WHERE
THEY INTERSECT YOU WILL FIND
THE COMPOUND GROWTH RATE FOR
THAT PERIOD.
EXAMPLE: FRONM 1978 TO 1988 THE
COXPOUND GROWTH RATE

18 2.2%.

1.4

1.1 0.8

1.1 1.0 1.1

1.0 0.9 0.9 0.8

0.9 0.8 0.8 0.7 0.5

0.9 0.8 0.8 0.7 0.7 0.8

.8 0.8 0.7 0.7 0.6 0.7 0.5

0.8 0.7 0.7 0.4 0.4 0.4 0.5
1991 1992 1993 1994 1995 1996 1997
1660 3690 3730 3740 3780 3810 3830

R & F LEFT,
| | necen?en 19?%

1987 1988 1989 1990 1991 1992 1993 1974 1995 1996 1997
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1978

Billion
kwh

30
25

o0
15
10

5

232

LOG
SCALE




CONTINUED




