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Above, you showed the approximate effect on the PECO forecast

of a correction for the use of aggregate data on square footage

per employee. C(Can you propose a similar correction for the use

of aggregate intensity data?

No, I cannot. In my view the degree of over aggregation in the
Company analysis of electric intensity and other related '
considerations is so great that, short of providing an entirely
different procedure as I have done in Exhibit ___ (JS-4), I can
provide no correction on this point. I should point out that I

do regard the 34 KWH per square foot itself as extremely suspect.
The data on which I have relied, shown in Table 8.12 of Exhibit ___
(JS-4), shows a maximum of 31.2 KWH per square foot with an average
value far lower. These data are based upon the A. D. Little data,
on which PECO has also relied. Their use beginning in 1975
produces good agreement with the average commercial consumption

of 18 KWH per square foot reported by PECO in the base year 1977.

‘Based upon an examination of the original data underlying the

results in office building consumption reported by PECO in

Exhibit _ (WCH~1), p. 210, I find that the 34 KWH per sguare

foot figure is out of line with historic consumption levels.

Since it is reflective of the 1974/77 period, I would expect that
increased awareness of energy conservation as a goal in commercial
building use would lead to a fall in the basic intensity of
consumption toward the historic levels. This view is in accord
with the energy intensity assumptions I have utilized in my

forecast.
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In your comments thus far you have addressed the portion of the
Company forecast dealing with new construction. Would the same
corments hold for the Company analysis of usage in existing
Buildings?

Yes, they would. The same types of methodological difficulties
involvihg over aggregation are present in both parts of the

Company forecast.

In iﬁs discussion of the base commercial forecast in Exhibit _
(WCH-2}, p. 221, the Company mentions certain "noncommercial™”
loads which are included in its commercial forecast: How have

you dealt with these loads in yvour forecast?

These loads are included in my "other" building category as part
of the light and power end-use. After completing my initial -
forecast for the commercial sector, I added to this building type/
end-use combination an additional load to account for such
"noncommercial” loads. This load is phased in linearly from 0 in

1978 to 740 million KWH in 1998.

Might not this procedure invelve double counting of growth in

this category?

Yes, it might. For that reason the procedure is conservative and

so consistent with my general forecasting approach.

Thus far you have discussed only the approach used in the Company
base case commercial forecast. Do you have any comments concerning

the alternate procedures which they have developed?

- 21 -
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Yes, I have a number of comments. First, from a methodological

'point of view, I note that all of the other approaches, as described

in Exhibit __  (WCH-1) p. 214-220, are at least as aggregate

in approach as that developed by the Company for the base Case.
Thus none of these additional approaches addresses any of the
methodological problems of over aggregation which I have raised.
Second, concerning the results of the forecasts, I note that the
approach used in the Company base case produced the lowest
forecast of any of their methods. Given the substantial
reduction which my correction for the use of aggregate square
footage data produced in their base case, I am extremely
skeptical concerning the usefulness of the other models. Finally
I would like to make three comments concerning the regression
models developed by PECO:

? Aggregate econometric models have a built-in assumption
that the past will be similar to the future in its

structural relationships. With respect to commercial
energy coﬁsumption, I find this a dubious assumption.

° Good "model statistics" do not mean that a model will
be a good predictor, they merely mean that yoﬁ have put
in enocugh variables to approximate the past.

) Even if we believe that a given model will reflect future
relationships, there remains the gquestion of the
"explanatory variable." INn the case of PECO's Model 2,
this is real disposable income as forecast by Wharton

Associates. This is a separate forecast, the construction

of which one is largely ignorant. To understand it
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1 completely, one would have to make a study of the Wharton

y model and its input assumptions. Referring to Figure ¢

3 on p. 219 of Exhibit __ (WCH-1), we see that the forecast
4 produced by Model 2 increases much more sharply than was

5 the case in the 1973/77 period, and in fact essentially

6 parallels pre-1973 experience. Computations with the

7 equation used in the mcdel show that the type of growth

8 ’ exhibited in Figure 4 can only be the product of substantial
9 increases in forecast disposable income. Given the current
10 economic conditions, I find such growth suspect.
11

12 Q. Please begin your discussion of the Company forecast of industrial

13 energy rates.

A. Sales to the large manufacturing class of customers (defined as

15 SIC's 20-39 on PECO Rates PD and HT) account for most of PECO's

16 sales to industry. 1In 1977, such sales accounted for 97%. The

17 Company's basic forecast fér the large manufacturing class is a

18 time trending procedure: as explained in Exhibit _ (WCH-1), p. 192,
19 a time trend in sales per man hour of employment is developed using
20 historic data for each 2-digit SIC. (The "SiC"'s, Standard

21 Industrial Classifications, are standard groupings of industrial

22 firms established by the federal government and used routinely

23 for data gathering and analysis.) The yearly trended value of

24 energy sales per man hour is multiplied by a forecast,of man hours
25 worked to obtain yearly forecast sales of 2-digit SIC. SIC's

26 ‘29 and 33 are dominated by large petroleum and steel plants. For
Py -these categorles the Company forecast is modified to take account

- 23 -
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1 of information concerning the future plans of these large
< firms.

3

4 9. Is this an appropriate forecasting approach?

5 A. There is a conceptual difficulty. In the analysis of industrial

) production, one usually distinguishes three factors of production:

7 energy, labor, and capital. In a given industry, one does expect
8 a stable.relationship between these factors of production, and

9 so the use of an historic trend involving the relationship between
10 factors, such as energy and labor, or between total production
i1 and energy as is done in the ESRG industrial forecast, is indeed
12 appropriate. What is inappropriate is the use of sales as opposed
13 to total consumption. A trend invelving the relationship between

| electrical consumption and man hours of employment expresses the

15 historical relationship between energy and labor as utilized by
16 industries in the Philadelphia area. The guestion of the relation-
17 ship between sales and consumption is a separate question which,
18 I believe, should be treated separately from any forecast of
‘ 19 consumption. As i1s shown in Section 5 of Exhibit _ (JS-4}), the
‘ 20 -ESRG model does operate in the manner I have suggested. First,
21 total industrial electrical consumption is forecast on the basis
22 of a forecast of industrial production, and then a sales forecast
23 is derived.
24

25 Q. Can you explain why the Company forecast combines the two steps
26 you have proposed, the forecast of consumption and then the

Y derivation of sales, into one step?
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Yes, I believe I can. The difference between consumption and sales
ig due to industrial self-generation of electricity. This is the
production of electricity by industries themselves. The term
"cogeneration" is commonly applied to this process since the
production of electricity is usually combined with the production
of steam or hot water to meet industrial process reguirements.

In Exhibit _  (WCH-1), p. 186, it is stated that "... no change
in the ratio of self-generated to purchased power has been factored
into this or previous forecasts.” This means that the Company
assumeg that the ratio of total electricity to sales is constant.
This being the case, it is not surprising that it has collapsed
the two steps in forecasting of sales of electricity to industry

into a single operaticn.

Your forecast of industrial sales differs from that prepared by
the Company. Does your treatment of self-generation account for
the difference between the.two forecasts?

Yes, it does. Using the year 1987 for purpcoses of illustration,

I note that the Company forecasts industrial sales (Manufacturing

.sales plus 10% of sales to small C & I) of 10,515 million KWH.

- ESRG forecasts sales of 9860 million KWH in its Base Case. I

have rerun the ESRG forecasting model to forecast industrial sales
under the assumption that the fraction of electrical consumption
satisfied by self-generation remains at 1976 levels. The resu;t
was a sales forecast of 10,535 million KWH in 1987, in virtual

agreement with the Company.
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Do you accept the Company assumption that there will be nc change
in the fraction of energy supplied by cogeneration?
No, I do not. The Company itself has recently participated in a
study by the Pennsylvania Electrical Association which documents
the potential for increased cogeneration in its service territory.
Other well-known national studies (see Exhibit (JS—S),.SeC- 5.2,
for citations and discussion), also serve to establish this
potential. The Company has assumed that, despite this ackncwledged
poéential, there will be no change. In response to our interrogatory
LF. 18d., the Company states with respect to growth in cogeneration,
"...without government incentives not now known or effective,
it is not highly probable that this growth will occur." "This
growth" refers to the growth needed to keep up with total consumption
as assumed in the Company forecast. What the Company is saying
is that, absent additional government incentives, cogeneration
mav actually decline in importance. This directly contradicts,
for example, the findings of the Thermo Electron Corporation,
one of the reports cited above. They show growth in cogeneration

without government incentives. Overall, I find the assumptions

.in the Company forecast of industrial energy sales unduly pessimistic

concerning the future role of cogeneration.

How is cogeneration treated in the ESRG forecast?

The ESRG forecast reflects the current uncertainty in this area.

I find that some increase in cogeneration will take piace but that
it will be modest. As a high case assumption, I accept the Company

assumption of no change. In the low case, I assume some increase

- 26 -
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as shown in Table 8.19 of Exhibit __ (JS-4). My Base Case is
the average of the forecasts resulting from my high and low case
assumptions. I note that even in the low case, I have used less
optimistic assumptions than, for example, are given in the

Thermo Electron study. Thus, my Base Case assumptions concerning
increases in cogeneration are extremely modest and in my view are

extremely likely to be met or exceeded.

In addition to its forecast of manufacturing sales based upon

man hours, the Company has presented a number of econometric models
as a basis for forecasting such sales., Do you have any comments
concerning these models?

Yes, I do. First I note that these models are extremely aggregate
in nature. I would direct the same general criticism to them

as I directed to the Company's aggregate models for the commercial
sector. In addition, I note that these models have much poorer
statistical properties than those proposed in the commercial
sector and that, as shown in Exhibit __  (WCH-1), pp. 196-197,
that the actual sales do not lie entirely within the 95%
confidence interval about the output of these models. While
accurate reproduction of historic data is no guarantee of a
model's predictive power, the failure of a model constructed by
regression for historic data to fit the historic sales, is a
reason for serious cencern. In sum, I find that these models are

not likely to prove useful in forecasting future industrial sales.

- 27 -
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Do vou have any comments concerning the Company forecast of peak
aemand?

Both the Company and ESRG forecast peak growth as a function of
energy growth. The methodolecgies and results both are quite
similar. Both find a slight improvement in load factor over

the feorecast period. 1In general, the differences in the two
forecasts of peak growth are due to differences in the underlying

forecasts of growth in energy consumption.

Please discuss briefly the Conservation Policy scenario described

in your Exhibit  (JS-5).

Conservation Policy scenario assumptions and results differ from
thosein the Base Case. These differences account for the differences
between the Base Case and Conservation Policy Case forecasts. They
assume that a fundamental change has taken place in the regulatory
environment. The Base Case assumed the smooth continuation of

current state-level conservation policy activity. Tke Conservation
Policy Case, on the -other hand, assumes a transition to the aggressive

implementation of an integrated set of socially cost beneficial

conservation policy measures as a result of action by the state.

The measures are phased in by 1985. By posing such a conservation
scenario, one can assess the implication {and desirability) of

a conservation policy direction for fhe state. The broad policy
areas addressed 1in the Conservation Policy scenario are listed

in Table 2.1 of Exhibit _ (JS-5). This is followed by a detailed
specification and quantification of each policy measure. The

constraints imposed on measure selection were technological
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feasibility and decreaﬁing social costs. The latter is construed
to mean that the costs of achieving the improved energy efficiency
implied by a given measure should not exceed the incremental costs
of delivering the extra electrical (and other) energy that would
be reguired in the absence of the measure. Indeed, the cost of
saving a kilowatt-hour of electricity through these policiés is
generally considerably less than the cost of producing the energy
equivalent. The Conservation Policy scenario results forecasts
are presented alongside the Base Case results in the summary
Tables 1.1 of Exhibit __ (JS-4) and in more detail in Sec. 1.2

of Exhibit __ (Js-5).

The Conservation Policy scenario shows that there is a great
deal the state can do through implementing energy efficiency programs
to manage long range electricity demand growth. The conservation
results show energy consumption as essentially flat and peak
demand falling, though no lessening in economic activity, decreasé
in end-use ownership levelé, or decline in quality of life is
assumed. Indeed, the Conservation scenarioc is designed to lower

the overall costs of energy services in the state and, as we have

.shown earlier in a similar study for the State of New York, is

likely to have the important additional benefit of creating a

substantial number of jobs.

Does this complete this portion of your testimony?
Yes, it does. As I indicated earlier, I will file supplementary
testimony concerning the "essential human needs" rate.

L

- 29 -
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1. INTRODUCTION

1.1 Background

This volume summarizes the methodology, assumptions, and results
of the ESRG Base Case long range forecast of electric energy and
demand in the Philadelphia Electric Company {(PECO)} system. Along
with the companion volume, Vol. IT: The State Conservation Policy
Case, it is presented as a contribution tco the utility planning
assessments being undertaken by the Pennsylvania 0Office of the
Consumer Advocate.

The analysis offered in these documents focuses on electric
demand growth issues for the PECO service area. The implications for
such supply questions are addressed in complementary forthcoming
ESRG studies and testimony. Specifically, corresponding to the
sequence of the volumes, the following issues are treated:

L Base Case Forecast: long-range forecast of electricity
demand by end-use and by utility service area under
"business-as-usual" state policy and regulatory assump-
tions.

° Conservation Policy Case Forecast: interruption
of base case growth with an array of concrete State
conservation policy interventions designed to minimize
electric energy growth consistent with the dual criteria
of technological feasibility and favorable social costs.

After presenting a brief summary of the Base Case forecast
results below, the remainder of the report describes in detail the
conceptual basis and mathematical structure of the forecasting medel,
as well as the data and assumptions relied upon.

1.2 Forecast of Energy and Peak Load

The Company produced long range forecasts have declined
dramatically over the past half dozen years. This is shown
graphically in Figure 1.1. The steady decline of PECO forecasts
reflects the Company's methodological and assumptive adjustments
to some fundamental shifts in the five major dimensiong affecting
electrical energy consumption in the long run: (1) economic
dimensions measuring the level of income, employment, prices, etc.,
(2) demographic dimension measuring population, households, age
distribution, etc., {3) technological dimension identifying changes
in conventional eguipment (home appliances, building shell materials,
etc.) and properties of emerging equipment, (4) policy dimension
referring to the procedures and regulations promulgated by governmental
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bodies, such as appliance efficiencv standards, fuels policies,

rate structures, etc., and (5) the institutional dimension

referring to the influence on patterns of energy usage related to
value and customs (consumerism, conservation ethic, etc.). The
post=-1973 period has. been characterized by major changes in each of
these interrelated dimensions. Population growth has tapered, economic
conditions have deteriorated, technologies have eveolved, energy policy
at both the State and Federal level is unprecedented, and attitudes
are in flux. The annual decay of the PECO forecasts depicted in
Figure 1.1 reflects a gradual adjustment to these new realities.

The ESRG Base Case forecast suggests that the process of adjustment

is not yet complete.

The adequacy of a long-range electricity forecasting model
is related-to its ability to capture each of these dimensions in
the mathematical structure used to simulate demand. The fundamental
weakness of forecasting models has been excessive rigidity in the
face of fundamental changes in the social, econcomic, and political
determinants of energy consumption. This rigidity has taken several
formg: the tendency to forecast aguregate rather than end-use energy
variables, the tendency to attempt to collapse all five dimensions
into the econcmic one alone, and the tendency to temporally extend
unadijusted historic trends and relationships.

Though the complexity of the long-range forecast renders some
such rigidity inevitable, the goal animating the present effort is,
given current limits on data availability and theoretical develop-
ment, to incorporate flexibility through end-use disaggregation,
multi-dimensionality, and avoidance of extrapolation. The bulk of
this report is devoted to explicating the resulting model.

The Base Case reflects the "business-as-usual" scenario,
incorporating the current constellation of energy policy, demography,
technology, conservation, etc. Base Case forecasts are bracketed
by "High" and "Low" forecasts. These, as will be specified in
Section 8, reflect a range of uncertainty in the input data used
to define "business-as-usual"” conditions. The Base Case i1s designed
as the best "business-as-usual" estimate with the high/low band
representing a measure of the overall forecast uncertainty. It is
important to emphasize that this triad--Base, High, Low--all refer
to the non-conservation policy scenario. The Low forecast represents,
not a conservation forecast, but a lower bound on the "business-as-
usual" scenario. The Conservation Scenario is the subject of the
next volume of this report.

In Tables 1.1, 1.2, and 1.3, we present the forecast results
of peak loads, total electric energy requijrements, and breakdowns
of the latter by major customer sector for three cases: "high,
"low", and "base", respectively.
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1.3

TABLE
ENERGY AND PEAK FORECAST
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Table 1.4 recasts the forecast results in terms of average
annual rates of growth for ten and twenty year periods. Note that
growth rates are forecast to decrease somewhat in the second decade
of the forecast period as equipment saturations are approached and
the full effects of recently initiated conservation practices fully
penetrate into the equipment stock. The rates of growth reported
here lie below the most recent available forecasts reported by
PECO (Ref. 19) of 2.3% average annual growth over the next ten
years in system peak.

TABLE 1.4
AVERAGE ANNUAL GROWTH RATES {%/year)
Peak Load Enerqv
High Base Low High Sase Low
1977-1987 2.0 1.1 .1 2.3 1.4 .4
1977-1997 1.6 .9 .1 1.3 1.1 .4

1.3 Forecast by End-Use

The model, as we shall see, builds up system forecasts from a
composite of end-use submodel forecasts. Such disaggregated forecasts
are an intermediate output allowing for a more detailed understanding
of the components of demand growth, the impacts of specific assumptions,
and the assessment of policy impacts. For completeness, these dis-
aggregated energy forecasts are displayed ir Tables 1.5, 1.6, and 1..
for the residential, commercial, and industrial sectors, respectively.

1.4 Approach and Alternatives

Electricity consumption at the system level is a composite of
the myriad end-use demands serviced by the given utility. The model
employed here is based on the conviction that system reguirements can
best be understood and the impacts of the various factors driving
growth best he computed if the model, i1tself, consistent with data
constraints, is a composite of submodels for the major end-uses.

The approach--sometimes called engineering/end-use—--identifies
the actual physical energy-demanding stock and its energy requirement
characteristics. In this way,the effects of definite changes in,
say, equipment efficiencies, fuel mix, manufacturing processes, etc.,
are tracked at the point where they actually cccur. Further, the
disaggregated approach enables the user to flexibly and eclectically
draw from the best subsidiary data sources available, be they
optimization studies, market penetration anélyses, or national and
state economic and demographic projections. For example, the impact
of a specific policvy option, such as improved appliance efficiencies,
can be accounted for directly where they impact (appliance submodels
incorporating retirement schedules, vintages, and technology c¢hanges).
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1.5

TABLE
DISAGGREGATED ENERGY FORECASTS
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INDUSTRIAL SECTOR
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2. OVERVIEW OF FORECASTING APPROACH

This section is restricted to a broad description of the
forecast model characteristics. The conceptual basis and mathe-
matical structures of the model are described in subsequent
sections.

The model forecasts are based on the aggregation of separate
forecasts for the major end-use components comprising system demand.
This allows for explicit incorporation of the impacts of differential
end-use growth, energy policy, new technology and specific conser-
vation practices. For example, appliance efficiency improvements
are integrated indirectly into the appliance submodel rather than as
approximate adjustments on gross energy requirements.

The energy consumption for a given component is given by the
expression:

Energy Consumption in End-Use Category = End-Use Measure
' *x Energy Intensity

In other words, the energy consumption by end-use is the product of
the guantity of the end-use ("End-Use Measure") and the annual aver-
age energy consumed per unit of the end-use ("Energy Intensity").
The measure of an end-~use activity will be in units appropriate to
the sector being modelled. These are summarized in Figure 2.1.

The forecasting technique consists of three fundamental
steps: (1] analysis of base year energy-consuming stock in terms
of average measure levels and intensities, (2) specification of
growth in the end-use measures and (3) simulation of the factors
affecting the intensity of unit energy use. The actual mathematic-
al analcocgs chosen for energy consumption in the end-use models
must be wedded to the specific character of the end-use category.
Further, they must be constrained by limitations in available data.
The computational procedures selected are discussed in detail in
Sections 3 through 7.

The energy forecast model is the heart of the system. It,
in turn, is comprised of a series of submodels which produce fore-
casts of energy consumption disaggregated by end-use. These are
summed to give annual energy and are input to the demand forecast
model. The results for each utility are combined to output system
energlies and peaks. Additionally, the energy forecasts broken down
by end-use category may be ocutputted allowing for a clearer under-
standing of the structure of total consumption and sensitivity to
specific assumptions. The energy forecast model is schematized in
Figure 2.2.
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FIGURE 2.1
MODEL COMPONENTS

Bgy.

SECTOR END-USE ACTIVITY END-USE MEASURE ENERGY INTENSITY
Residential 14 Appliance Categories number of units average annual consumption
2 housing types per unit

5 building types floorspace sgquare average annual consumption
Commercial 4 end-use categories footage per sguare foot

2 vintages (new & existing)

Industrial

19 manufacturing subsectors

production units

average annual consumption
per unit production
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ENERGY FORECAST MODEL SCHEMATIC
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The model, from one perspective, is a functional relationship
between a set of independent variables (data file) and selected de-
pendent variables (output forecasts). The computer program designed
for executing this mapping accepts a user-selected data f£ile and
produces user-selected outputs. The inputs are of two types:

(1) data which characterizes the actual base year experience

of a given utility and (2) assumptions on future values of the in-
dependent variables which chart the changes in base year values.

The first type of data is developed and updated from independent
sources {utility surveys, industry locad studies, census information,
etc,). The second type of input defines a set of growth assumptions
or "scenarios". Though one has guidelines for estimating the growth
variables entering the submodels (historic patterns, independent
national and state projections, policy impacts, market penetratlon
analysis, etc.), uncertainty cannot be avoided.

This uncertainty is dealt with in the program in two ways.
First, a range of growth variable values are automatically required
in producing a forecast. The model is designed to accept from the
outset the uncertainty in the driving variables identified by the
user. The program operates from "high"™ and "low" data files associ-
ated with data choices for high and low cases. respectively. Though
one cannct prophesize with certitude a given input item, one can
with some confidence give a realistic range of possible future values.
The high and low scenarios are designed to bracket the set of possible
futures. The "probaple" case is defined in the model as the mid-
range forecast illustrated in Figure 2.3. The uncertainty in the
input data set is reflected in the overall forecast uncertainty.
The range of uncertainty, is, of course, an increasing function of
time.

The second method for treating uncertainty is through sensi-
tivity analysis. The program allows for temporary changes of an in-
put item {(or set of items), allowing for testing.the response in
forecast output to changes in data file input. The stability of
output to specific input variations can be computed and utilized
in assessing the validity of a given forecast.

13-
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3. RESIDENTIAL SECTOR

This section describes the electrical energy demand forecast
model for the residential class of customers. The component end-
uses of residential energy consumption are treated in fourteen sep-
arate submodels. This level of detail allows the incorporation of
the central factors affecting overall demand which can be lost in
methodologies which forecast aggregate demand alone.

The fourteen residential end-uses for which submodels have
been developed are listed in Table 3.1.

TABLE 3.1
RESIDENTIAL END-USE SUBMODELS
Input End-Use

1 Refrigerator

2 Freezer

3 Electric Range

4 Lighting

5 Television

6 Clothes Dryer

7 Clothes Washer

8 Dishwasher

9 Water Heater

10 Air Conditioning - Room
11 Air Conditioning - Central
12 Space Heat
13 Heating Auxiliaries

14 Miscellaneous

These submodels will be described later. At the most elementary
level, annual consumption for end-use (i} in year {t) is given
by the expression:

Et,ith,ith,i (3.1)
where
Et,l = Total annual energy consumption of end-use (i) in year (t)
Nt,l = Total number of corresponding units
Ct,i = Average annual energy consumption per unit

Then the total energy consumption in the residential sector
for year (t) becomes

-15-
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A glance at equation 3.1 will show that the residential fore-
cast for each end-use can be viewed as a combined forecast of the
total number of units, on the cone hand, and the average consumption
per unit, on the other hand.

3.1 Number of Units

The number of units for a given end-use is computed as the
product of the number of households and the end-use saturation,
defined here as the average number of units per household. The
number of household units is further divided into single family
units (SF) and multifamily units (MF). This breakdown is desirable
since appliance cwnership and usage patterns may vary significant-
ly by housing type. A shift in the mix of SF and MF in the fore-
cast pericd thus affects ultimate demand.

3.2 Saturation Curves

. Saturations enter the end-use submodels via the logistic
growth curve. This curve has the general form:

Ci k
SAT, . , = 1. . (3.2)
ttl)k l+Bi Xe’(Airk T)
for the saturation (SAT) of a given end-use (i), and housing type
{k), in vear (t). The parameters are constrained by: '
B>0, A>0, O<C<1. - (3.3
(The indices are suppressed for notational convenience.) (3.3)

Parameter C is called the ceiling, representing the asymptotic limit
of the dependent variable; the greater the value of A, the more
rapid is the approach to the ceiling. From the derivative

d sat_ _ A

“SAT, - (C-SAT,) (3.4)
at c t t .
we see that the growth rate is proportional to both the level al-
ready achieved and the increment remaining to the ceiling.

Ideally, the parameters would be estimated by fits to histor-
ic saturation data. The data, however, is not sufficient to warrant
.such & complete determination. Instead, we have used base year
saturations (SBY) to determine one parameter, chosen values for the
ceiling or terminal saturation (STERM) according to scenario assump-
tions, and used historic data to fit the remaining variable A.

Rewriting equaticn 3.2 in terms of STERM and SBY and fixing

the base year t=1 as we do throughout the model, we arrive at the
fprm of the saturation curve as 1t enters the submodels:

-1~
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SAT, = STERM (3.5)

t

l+(STERM-SBY xeg A (t-1)

SBY

3.3 End-use Submodels

The second term in Equation 3.1, the average annual energy
consumption for each end-use, incorporates a great deal of
complexity. Once the base year energies are established, the
time dependence of average energy consumption must be computed.
The major factors which can impact average energy use are:

. appliance efficiency increases

. thermal integrity improvements of building shells

. new technology market penetration

. population per household decreases

- energy conservation practices induced by
electricity price increases

The end-use submodels are designed to allow sensitivity to
assumptions on these trends. Consequently, overall forecasts
based on a range of reasonable input assumptions allow for the
development of a band of possible error within which lies the
"probable" forecast. -

The submodels will be discussed in the sequence given
in Table 3.1. In each case, we give a brief qualitative descrip-
tion in the text and the system of equations in an accompanying
table. Although the end-uses have particular characteristics
which require unique model elements, the overall strategy dis-
played schematically in Figure 3.1 is used throughout. The
yearly increment in electrical energy consumption is calculated
by (1) subtracting the energy consumption of retired units,
{(if any), (2) adding the energy consumption of replacements,
and (3) adding the energy consumpticon of additonal new units
‘i€ to customer and saturation growth. With this iteration
technique, we can, once the base year breakdown is established,
compute enerqgy consumption for each year of the forecast under
a given set of assumptions on changes in saturation, customer,
technology mixes, efficiencies and use patterns.

3.3.1 Refrigeratcxrs and Freezers

The factors affecting demand for these two appliances are
guite similar so that the same algorithm for modeling growth
in energy consumption are employed. Variable definitions and
dynamic equations are summarized in Table 3.2.

_l 7-
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FIGURE 3.1
Schematic of Yearly Energy Increments by End-use
Changes in:
Customers, Saturatiaon,
Efficiencies, Egquipment,
Use Pattern
Consumption
New Additional Units
Year t + 1
Consumption IConsumption
Year t - Year t + 1
Consumption Consumption
Retired Units Replacement Units
Year t Year t + 1

Changes in:
Efficiencies,
Equipment,
Use Pattern
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The total number of appliances by housing type is obtained
by multiplication of saturation and households (Egquation 3.6).
The iteration procedure is initialized by computing base year
consumption as the product of the number of appliances on-line
in the base year and their average unit consumption (Eguation
3.7). There is a great deal of variation in energy demand
with brand, size and model. Therefore, average usage may vary
as a function of regional appliance mix.

The iteration proceeds from year to year by subtracting
out the energy consumption of retired units and adding back
the energy from new units added (Equation 3.8). The retired
energy is a product of the average number retired per year
{the total number in the previous year divided by the average
lifetime) times the average unit consumption of the retired
units. This last factor must be treated with care; the 1960's
saw an increase in the average size of refrigerators and '
freezers and a rapid penetration of the energy consuming frost-
free feature. Therefore, units currently retired are from
earlier, less energy consuming vintages (Equation 3.11).

New units, both replacements and net additions, are brought
on-line at current energy levels (Equation 3.10), with new unit
average usage according to the efficiency improvements and
efficiency phase-in period assumed in a given medel run (Equation
3.13).

-16-
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TABLE 3.2 ‘
SUBMODEL FOR REFRIGERATORS AND FREEZERS
Jariable Code
t Year (base year = 1)
i appliance index (l=refrigerator and 2=freezer)
k Housing type (SF=1 , MF=2)
TOTNUM Total number of appliance
ISTOCK Households
SAT Saturation
JNNEW Average unit usage of new appliance
TNAVBS Average unit usage of base year stock
ALT Average appliance lifetime
IFFIMP Efficiency improvement over base year models
END Final year of efficiency improvement phase~in
TINREP Average unit usage of replaced units
[JNOLD UNREP for tSALT
NEWENI Energy use of new units
RETENI Energy use of retired units
ENREU Annual appliance energy demand
Equations
3tock stream:
TOTNUMt,k,i = SATt,k,i xHSTOCKt,k,l (3.6)
Initialize:
ENREUl,k,i = TOTNUMl,k,i XUNAVBSk,i (3.7)
‘terate for t>1:
= - A
ENREU, \ ENREU_ _; ; ; - RETENI, , . NEWENI, (3.8)
vhere
= X -
RETENIt,k,i UNREPt,k,i TOTNUMt__l’k'i/ALTi - (3.9)
= . - L +T . .
NEWENIt,k,i (TOTNUMt,k,i TOTNUMt-l,k,1+“OTNUMt-l,k,l/ALTl)
x
UNNEW, 4 (3.10)
ind
<
UNOLDt'i t-ALTi
UNREP ={ for {3.11)
t,2 .
b >
UNNEWt_ALTi t>ALT
= -— X
U‘NNEWt,:.L {1l EFFIMPt) UNNEWl,i (3.12)
[‘t'l) /{TEND—I)JXEFFIMTi 1< X TEND
EFFIMPt 3 ={ for (" 13
! EFFIMTi t > TEND
-20—-
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3.3.2 Electric Ranges

The determinants of growth for electric ranges are straight-
forward: saturation and customer increases, efficiency improvements
in new appliances, and market penetration of the microwave oven
feature which can decrease overall energy demand.

The total stock is given, as usual, as the product of
saturation and housing stock (Egquation 3.14). Further dis-
aggregation by housing type is not necessary for this end-use
since available saturation and energy demand data does not
distinguish between single and multi-family usage patterns. The
iteration process 1s initialized with base year data {Equation
3.15) and proceeds with the characteristic subtraction of retired
units and addition of new units (Eguation 3.16). Units are
retired-at a rate equal to the inverse of the avéerage life
time (Equation 3.17). The two sources of new units, net additions
and replacements, are represented by the first and second terms
of Equation 3.18, respectively. Average usage of new units is
decremented by a factor derived from assumed efficiency targets
and phase-in times (Equations 3.19 and 3.20).

Finally, account is taken of the decreased energy usage
associated with microwave ovens used in association with electric
ranges. The total energy demand is a weighted factor of usage
without and with microwave ovens, the first and second terms,
respectively, in Equation 3.21.

=21~




Variable Code

t
TOTNUM
HSTOCK
SAT
ENREU1L
ENREU
UNAVBS
UNNEW
EFFIMP
TEND
RETENT
NEWENI
ALT
MSAT

EDF

Eguations

Stock stream:

TABLE 3.3 .
SUBMODEL FOR ELECTRIC RANGE

Year (base year = 1)
Total number
Households
Saturation

759a

Annual electric range energy demand w/0 microwaves
annual electric range energy demand with microwaves

Average usage base year stock

Average unit usage of new units

BEfficiency improvement

Final year of efficiency improvement phase-in
Energy use of retired units

Energy use of new units

Average lifetime

Microwave oven saturation as a fraction of
electric ranges

Energy demand factor: ratio energy demand with
and without microwave oven

TOTNUMt = SATt x HSTOCKt (3.14)
Initialize:

ENREUll = TOTNUMl x HSTOCKl {3.15)
Iterate for t>1l:

ENREUlt = ENREUlt_l - RE'I‘ENIt + NEWENIt (3.16)
where

RETENIt = ENREUlt_l/ALT (3.17)

NEWENIt = (TOTNUMt - TOTNUMt_ll UNNEWt (3.18}

Ix
+ (TOTNUMt_l/ALTj UNNEW

and

UNNEWt = (l—EFFIMPt) X UNAVBS (3.19)
with EFFIMT x (t=1) / (TEND-1) ¢ EXTEND .

EFFIMPt = { for i (3.20)

EFFIMT £>TEND

Microwave oven adjustment:

ENREU = ENREUl, x ({1-MSAT + MSAT, x EDF % ENREU1l_ (3.21)

t t t) t t
_22_
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3.3.3 Lighting

Lighting energy demand is represented as the product of average
annual energy usage per household and the number of households
{Equation 3.22). The household growth is developed outside the
submodel and inputted to it. There remains the anticipated changes
in lighting energy demand per household.

The model assumes that saturations are currently at 100%; i.e.,
all households have electric lighting and this shall remain true
throughout the forecast period. However, the intensity of lighting
use per household as well as the efficiency of conversion of
electric to light energy has in the past, and may well in the
future, vary with time. Future deviations from base year levels
is taXen into account by the usage factor (Equation 3.23).

In the past, several factors have contributed to increases in
lighting energy demand per household: shift in housing mix toward
larger SF residences, inexpensive electricity fostering purchase
of decorative lighting and discouragement of household conservation
practice. These trends have generally reversed: family size is
gradually shrinking, MF dwellings are rising relative to SF, and
rising electricity costs are encouraging conservation.

It appears likely that these shifting patterns will lead, at
least to scome extent, to the market penetration of energy efficient
lightbulbs. These include improved incandescents and more fluores-
cents in the near term, followed possibly by commercialization of
the screw-in fluorescent in the 1980's. Possible impacts of such
technology shifts are incorporated in Equation 3.24.

-23-
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TABLE 3.4
SUBMODEL FOR LIGHTING
Variable Code
t Year (base year = 1)
HSTOCK Households
UNAVES Average consumption per housing unit in the
base year
UNAV Average consumption per housing unit
UF Usage factor
MF Market fraction efficient bulbs
RELEFF Efficiency improvement of nonconventional bulb
ENREU Annual energy demand for lighting
Eguations
= x
ENREUt UNAVt HSTOCKt (3.22)
with
_ UNAVt = UEt ®x [UUNAVBS (3.23)
with efficient bulb capturing market fraction:
UNAVt = (l-MFt) x UNAVBS + MFt X (l—RELEFFt) x UNAVBS
or
UFt = l--MFt x RELEFFt (3.24)
-24-
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3.3.4 Television

The submodel for televison usage must contain sufficient
complexity to allow for (1) saturation and customer growth, (2)
changes in unit energy requirements, (3) changes in the mix of
black and white and color televisions,and (4) decreased usage per
unit in cases of multiple ownership. The last factor is due to
the nonproportionality between the number of televisions and the
viewing hours. That is, if, for instance, a family purchased a
second television, the hours of use will not simply double since
the redundant unit will be used to some extent in substitution for
the first.

The dynamics of television energy demand growth are presented
in Table 3.5. After defining the stock stream saturation and
housing stock with inputs from outside the submodel (Equation 3.25),
the iteration procedure is initialized with base year data
(Equation 3.26) and proceeds from year-to-year in the usual way
(Equations 3.27 to 3.31). Changing ratios of black and white to
color are allowed in the weighted averages for new units in
Equation 3.29. Finally, in the case of multiple average ownership,
the total energy is decremented by a decreased use factor for
second and' third televisions (Equation 3.32).

-25—
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Variable Code

TABLE 3.5
SUBMODEL FOR TELEVISIONS

t Year {base year = 1)
k Housing type
TOTNUM Total number
HSTOCK Housing units
SAT Saturation
NEWCOL Average unit usage of new color television
NEWBW Average unit usage of new black and white television
EFIMCO Efficiency improvement color units over base year
EFIMBW Efficiency improvement black and white units
over base year
TEND Final year of efficiency improvement phase-in
FRBW Fraction new units which are black and white
ALT Average lifetime
RETENTI Energy use of retired units
NEWENI Energy use of new units
UNAVBS Average unit usage in base year
ENREU Annual energy demand in (t,k)
DUF Decreased use factor for multiple televisions
Equations
Stock stream:
TOTNUMt’k = SATt,k x HSTOCKt,k (3.25)
Initialize: .
ENREUl’k = TOTNUM; , X UNAVEBS {3.26)
Iterate for t>1:
= - + .
ENREUt’k 'ENREUt—l,k RETENIt'k NEWENIt,k (3.27})
where
RETENI, | = ENREU__, , / ALT (3.28)
N h = - UM NU
NEWEVIt’k (TO'I‘NUMt'k TOTNUlt—l,k + TOTVLMt_l'k /ALT)
x { {(1-FRBW,_ ) x NEWCOL, + FRBW, x NEWBW_ ) (3.29)
t t t t
and
NEWCOLt = (leFIMCOt) x NEWCOL1 (3.30)
NEWBWt = (l-EFIMBWt) x NEWBW 1
with
_J (-1 / (TEND-1) x EIMCOT t<TEND
EFIMCO, *{EIMCOT for {t>TEND (3.31)
(similarly for EFIMBWt)
Decrease usage for multiple ownership (for SATt k>l):
r
RE —= ENR x + ® -1 .
ENREU N EUt,k {1+DUF (SATt,k Yy / SATt,k) {(3.32)
-26-
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3.3.5 Clothes Dryers

The submodel for clothes dryers is quite simple. Demand
is primarily a function of saturation and customer growth since
efficiency improvement possibilities are small and substitute
technoleogies to conventional dryers are not on the horizon
(increased use of solardrying would be reflected in lower satura-
tions). Although predictions of changing unit usage intensity ({such
as locads per week) are unrealistic, gualitatively, the decreasing
trend in population per household would suggest that current levels
should safely overestimate demand. The equation set (Table 3.6)
should by now be self-explanatory.

TABLE 3.6
SUBMODEL FOR CLOTHES DRYER

Variable Code

t Year (base year = 1)
TOTNUM Total number
HSTOCK Households
" SAT ) Saturation
UNAVBS Average unit usage of base year stock
ALT Average lifetime
EFFIMP Efficiency improvement over base year units
TEND Final yvear of efficiency improvement phase-in
NEWENI Energy demand of new units
RETENI Energy demand of retired units
UNNEW Average unit -usage of new units year t
ENREU Annual energy demand in year t
Equations
Stock stream:
TOTNUM = SAT, x HSTOCK (3.33)
t t t
Initialize:
ENREU; = TOTNUM; * UNAVBS (3.34)
Iterate for +>1:
= + - *
ENREU, ENREU,_, + NEWENI_ - RETENI, (3.35)
where
RETENI, = ENREU / ALT (3.36)
t t-1
NEWENIt = (TOTNUMt - TO‘I‘NUMt_l + TOTNUMt_l / ALT} X UNNEW
and {3.37)
UNNEWt = (l—EFFIMPt) x UNAVBS
with - ~1) x EFFIMT £ <TEND
EFFINP, ={(t 1) /(TEND-1) x EFFIMT . {PTE&D (3.38)
EFFIMT z
-27-
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3.3.6 Clothes Washer and Dishwasher

Clothes washers and dishwashers are treated together since,
as we shall see, the algorithm for modeling demand is identical.
Each of these end-uses requires energy in two forms: (1) electric
energy to drive motors and auxiliary equipment and (2} thermal
energy in the form of hot water for process functions. Technology
shifts are in the offing which would effect each of these.

For the case of thermal reguirements, the impact on overall
electrical energy is indirect. Specifically, changes in hot water
demand will "flow through" to effect the electricity demand in
the cases where hot water is produced in electric hot water heaters.
The submodel allows for changes in both the electrical and thermal
demands, saving the latter for input into the electric water heat
submodedl-

Therefore, after running the usual iteration to develop
direct electrical energy demand (Equations 3.39 to 3.45), average
forecast hot water demand for each appliance is calculated as a
function both of overall saturation growths and unit demand
changes. (Equation 3.46 to 3.47). These results are incorporated
into the electric hot water heater submodel.

-28-
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[7 TABLE 3.7
SUBMODEL FOR CLOTHES WASHER AND DISHWASHER

Variable Code

t Year (base year = 1)
i Appliance index (CW = 7, DW = 8)
TOTNUM Total number
HSTOCK Households
SAT Saturation
UNAVBS Average base year unit electric energy usage
ALT Average appliance lifetime
CWHW Clothes washer average hot water demand per
. customer
DWHW Dishwasher average hot water demand per customer
HWRECW Hot water reduced demand -- clothes washer
HWREDW Hot water reduced demand -- dishwasher
UNNEW Average unit electrical energy usage of new
appliance units
NEWENI Energy demand of, new units
RETENI Energy demand of retired units
ENREU - Annual energy demand
EFFIMP Efficiency improvement over base year
TEND Final vear of efficiency improvement phase-in
Equations
Stock stream:
= m . .
TO’I'NUMt’i SA"t,l x HSTOCKt"l (3.39)
Initialize:
ENREUl'i = TOTNUMl’i x UNAVBS, (3.40)
Iterate for t>1:
}EINREUt’i = ENREUt—l,i + NEWENIt'l - RETENIt,i (3.41)
where
RETENIt’ = ENREUt-l,i/ALTi {3.42)
= .- .+ . . .
NEWENIt'i (TOTNUMt’l TOTNUMt~l,l TOTNUMt—l,l/ALTl) (3.43)
x UNNEWt,i_
and
: N = - . x . 30
UI\II\E[IEIP\It’l {1 EFFIMPt'l) UNAVBSl (3.44)
with
- <
EFFIMP, , = {(t 1/ (pENp-1) * EFFIMT for {t TEND  (3.45)
el EFFIMT £>TEND
(Continued)
_.29_
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TABLE 3.7 {(Continued}

Hot Water Demands:

New unit usage year t:

UCWHWI = 19 x UNAVBS., x (l—HWRECWt)
UDWHWI 4.6 x UNAVB88 x (l—HWREDWt)

(factor 19 and 4.6 are ratios of hot water to electric energy reguirements
for clothes washer and dishwasher, respectively [Ref. 1]}

with
. -1 X HWRECT t<TEND
HWRECH ={[(t )/ (zEND-1) for {
¢ HWRECT £>TEND
Average unit usage:
= b - \
UCWHWt (UCWHWt—l REMt + (TOTNUMt R.EMt) % UCWHWIt)/TOTNUMt(B.46'
where REMt = remalining units from previous year = TOTNUMt_l
x {l-l/ALTi)
Average usage per customer:
CWHWt = SATt,Tx UCWHWt (3.47
And similarly for dishwasher.
-30-
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3.3.7 Electric Water Heaters

The electric water heater submodel is sensitive to a number
cf time dependent factors affecting overall energy demand:

- saturation

- efficiencies

- average residential hot water reguirement
- solar technology penetration

The number of electric water heaters is computed in Equation
3.48. First, in Egquation 3.48a, the base year units are computed
from input data. For subsequent years, the total number is computed
as the combination of the previous year's value (first term on the
right of Equation 3.48a)plus additions from twc new markets. First,
all new electric space heaters are assumed to alsoc have electric
water heaters. (This will slightly overstate growth.) This is
affected in the second line on the right of Egquation 3.48b (penetrations
of electric space heat also appear in the esh submodel, Section 3.3.9).
Seccond, new non-electric space heated homes (Eguation 3.48b, third
line first bracket) are assumed to purchase electric water heaters
according to base year electric water heaters saturations in base
year non-electric space heated homes (Eguation 3.48b, third line,
second bracket).

The hot water energy demands of clothes washer and dishwasher
have been developed earlier and are used in Equation 3.49 to define-
the demand from "other" uses. Possible reductions in this category,
such as widespread adoption of slow-flow shower heads, etc., which
are now on the market, are alse allowed for in the last expression.

Average efficiencies of electric water heaters are expected
to improve with time primarily due to minimizing stand-by losses
through better insulation jackets. The iterative procedure in
Equation 3.51 weights new units {first term) with existing units
{second term). The unit electric energy demand is then given by
the ratio of hot water cutput (measured in EKWH's) and the average
efficiency (Eguation 3.52). If there is some penetration of solar
equipment to assist in hot water production, this average must be

. properly corrected by weighting in the . fraction solar assisted at
reduced demand levels (Equation 3.52). The total electric energy
required for this energy then follows immediately as the product
of the total number on line and the average unit usage (Eguation 3.53).
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SUBMODEL FOR ELECTRIC WATER HEATER

Variable Code

t Year (base year = 1)
k Housing type {1=8F, 2=MF)
TOTNUM Total number
HSTOCK Households
SBY Base year electric water heater saturation
ESHSAT Electric space heating saturation
UNAVBS Average base year unit electric enerqgy demand
UNAV Average unit usage
ALT Average lifetime
CWHW Clothes washer hot water demand
DWHW Dishwasher hot water demand
OTHW other hot water demand
HWREGT Hot water reduced demand for "other"
AVEFF Average electric water heater efficiency
NUNEFF New unit average efficiency year t .
FS Fraction electric hot water heaters solar a551s§ed
PCSOLW Fraction supplied by solar in solar assisted units
ENREU Total energy demand year t
PEN Penetration of esh in new construction
Equationsg
Stock stream:
= .4
TOTNUMl’k SBY, X HSTOCKl’k (3.48a)
TOTNUMt’k = TOTNUMt—l,k {(3.48p)
- X . X N
+erSTOCKt'k HSTOCKt'I’k) PEN, ;
—_ m - o - -
fLIHSTOCKt’k‘HSLOCKE_lrk)&(l PENt'k)] [(sBY ESHSAT, 1)/ (1 ESHSAT, )

*Other" water démand: .

OTHWt = (UNAVBSXAVEFFl
Where DWHW & CWHW are from previous submodel, the first term in ' (3.49)
parenthesis is the base year total hot water usage.

'“'DWHWl - CWHWI) ® (l-HWREOTt)

By definition

NUNEFFt = AVEFFl/(l—EFFIMPt)
where
_ {t-1) /{TEND-1) x EFFIMT t<TEND (3.50)
EFFIMP, = {EFFIMT for  {¢aTEND

Average efficiency from:

- d - —_ +
TOTNUMt><AVEFFt (TOTNUMt TOTNUMt_l TOTNUMt_l/ALT)XNUNEFFt
- (3.51)
+ (TOTNUM__,-TOTNUM, _,/ALT)*AVEFF,__;
then,
UNAVt = (DWHWt + CWHWt + OTHWt)/AVEFFt (w/0 solar)} (3.52)
X(l-FSt+FStX(l—PCSOLW)) {w solar)
Finally,
ENREUt = TOTNUMt X UNAVt (3.53)

E g - 32- R G




770a

3.3.8 Air Conditioners

The two types of air conditioners -- room and central --
are treated as separate end-uses. For each, the final forecast
is a co-mingling of saturation and customer growths, efficiency
increases, and buiiding shell-thermal integrity improvements.
It is tacitly assumed that average unit size will not increase
over the base year due to demographic trends toward smaller family
size and the decreased cooling load requirement that accompanies
improved insulation.

Energy demand is calculated by employing the usual iterative
sequence (Eguations 3.54 to 3.60). The model assumes that in
cases of multiple room air-conditioner ownership, average energy
usage 1is additive. This may lead to a slight overestimate of
cdemand insofar as second and third window/wall units are used’
substitutively to some extent. Such an effect is, however,
égifficult to estimate.

The model allows for adjustments in the average thermal
integrity of building shells in the housing stock {(Equation 3.61).
This is given as an average over changes in base year and new
construction units as indicated in Eguaticns 3.62 and 3.63. There
are two likely sources for improvements here: reinsulation in
the retrofit market and stricter conservation practices in new
bulilding designs relative to historic design standards.
Consequently, the overall improvement over base year values depends
on estimates of several factors such as current building stock
average characteristics, the degree of future reinsulation, and the
effects of anticipated building codes for new construction.




TABLE 3.9
SUBMCODEL FOR AIR CONDITIONERS

Lok

Variable Code

t

‘k

i
TOTNUM
ALT
HSTOCK
BYHSTK
HRET
TIIMP
TIE
TIN
EFFIMP
TEND
SAT
UNAVBS
UNNEW
NEWENI
RETENI
ENEUIl
ENREU

Eguations

Stock stream.:.
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Year (base year = 1} )

Housing type (1 = §F, 2 - MF)

End use index (10 = Room A/C, 11 = Central A/C)

Total number on-line

Average appliance lifetime

Housing units

Base year housing stock surviving

Housing unit removal rate

Average thermal integrity improvement

Thermal integrity improvement of base year housing units
Thermal integrity improvement of new construction units
Efficiency improvement over base year

Final year of efficiency phase-in \
Saturation

Average base year unit consumption

Average unit usage of new units

Energy demand of new units

Energy demand of retired units

Annual energy demand w/o thermal integrity improvement
Annual energy demand

TOTNUMt,k,i = SATt,k,i X HSTOCI'{t“k (3.54)
Tnitialize:
ENEUIllrk'i = TOTNUMl'k,i X UNAVBSk’i (7 55)
ITterate for t>1:
ENEUIlt,k,i = ENEUIlt—l,k,i + NEWENIt,k,i - RETENIt,k,i {3.56)
where
RETENIt,k,l = ENEUIlt—l,k,i/ALTi (3.57)
NEWENIt,k,l = (TOTNUMt,k,i - TOTNUMt—l,k,i
+ TOTNUMt—l,k,i/ALTi) x UNNEWt,k,i . ) (3.58)
and
lem}zwt’k’l = (1 - EFFIMPt'i) x UNAVBS, (3.59)
with —— _ {éé;;;é/TEND-l)) x EFFIMT £ {z;gggg (3.60)
Correct for changes in thermal integrity:
ENREUt,k,i = (1-TIIMPt,k,i) bt ENEUIlt,k,i {3.61)
where
TIIMPt,k,i = [?IIMPt—l,k,i x HSTOCKt—l,k + TIEt,k,ix ]E’:':(HS'I'Kt’k
- TIEt—l,k,i x BYHSTKt—l,k +‘TINt’k’quSTOCKt'k
- HSTOCK, , . + BYHSTK_ ., - BYHSTKt_l’k)]
/ BSTOCK,_ for t>1 $3.62)
and )
.‘-ZstHS’I‘Kt'k = HSTOCKLk X (1-HRETk} t-1 {3.63)
E s R G
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3.3.9 Electric Space Heating

The growth in the number of electric space heated (ESH) homes
is closely related to the decision on fuel use in new construction
markets or in converting existing households from fossil fuel
heating to electric. Consequently, it is analytically useful to
introduce the concept of "penetration" in developing the number
of housing units with ESH. In the model, the following definition
is used:

. 1 i
penetration, = & electric spnace heat cpstomerst

t A customerst

where t is the year label and "A" signifies the change from the
previous year. The historic values of the increments are readily
available from utility records providing useful information in
estimating future trends. With this definition, the yearly number
of ESH units can be computed through the iteration procedure of
Equation 3.63 of Table 3.10 with the initial number defined as

the product of base year saturation and household for each housing

type.

The ESH intensity (annual KWH consumption per unit}) must be
represented as the ccmbination of three distinct heating systems:
conventional resistance heating, electrically driven heat pump,
and solar augmentaticn (with or without heat pumps).. The key
dynamic expression is the iteration formula, Equation 3.65,
which increments the previous year's total ESH energy demand
by the additional demand coming on-line. This additional demand is
the sum of the contributions from the system options considered:
conventional resistance {"direct"), heat pump and solar,
regpectively, in Equation 3.66. Each of these is in turn
decomposed into the product of new units in the ESH subcategory
and usage per unit Equaticons 3.67, 3.68, and 3.69. Adjustments
are made for possible conservation oriented changes in building
envelope designs (“"thermal integrity facter") in new units
relative to the base year mix of electrically heated units.
Finally, the market share of each ESH option is given a broken
linear time dependence over the forecast period.
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TABLE 3.10

SUBMODEL FOR ELECTRIC SPACE HEATING

Variable Code

t Year (base year = 1)
k Building type (SF=1, MF=2)
TOTNUM Total number
HSTOCK Housing stock
PEN Penetration
UNAVBS Average usage base year stock
NESHDI Energy demand of new direct ESH
NESHHP Energy demand of new ESH with heat pump
NESHSA Energy demand of new ESH with solar assist
FHP Fraction of new ESH units with heat pump
TEHP Time end of increasing heat pump fraction of
new ESH
COP Heat pump coefficient of performance
COPEI COP efficiency improvement
TEFFI End year COP efficiency improvement
FSA Fraction of new ESH units with solar assist
TSSA Time start of solar space heat penetration
PCSOL Percent heating requirement due to solar in
solar assisted ESH units
TIF Thermal intergrity factor adjusting new unit
demand from base year unit demand
ENREU Annual energy demand
Equations
Stock stream:
= TOTNUM + P
TOTNUMt'k it U £-1,% PENt,k x (HSTOCKt'k (3.63)
Initialize: “HSTOCK: 1,10 .
ENREUl’k. = T_O'l‘l\_lt.‘il\‘ll,k x UNAVBSk (3.64)
Iterate:
EINREU,C’k = ENREUt-l,k + NEWENIt'k (3.65)
where
W = N .
NE ENIt,k ’\TESHDIt’k + NESHHPt’k + NESHSAt’k (3.66)
The subcomponents of new demand are given by:
NESHDIt'k = (l_FHPt,k - FSAt,k) X (TOTNUMtrk - (3.67)
TOTNUMt—l,k) X (TIFk x UNAVBSk)
NESHHPt’k = (FHPt,k X ('I‘OTNUMt'k - TOTNUMt-l,k)) X (3.68)
(TIF, x UNAVBSk/COPk’t)
(continued)
_36_
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774a TABLE 3.10 (Continued)
where
COPt K = COP (1L + (t-1)/(TEFFI -1) * COPEI)
— - x
NESHSAt'k (xs‘szx.t,k x (TOTNUMt’k TOTNUMt_lrk)) TIF, x {3.69)
((l—PCSOLk/lOO) x UNAVBSk)
Phase in fractional breakdowns:
D _
(ETEH;)i)/(TEHP 1)) x Fle'k (3.70)
rH((t-1)/{apyp-1 }) * FHP t<TEHP
FHPt x = TERP ., k for {
. FHPTEHP’k t> TEHP
(0 {t<TéSA
FSAt X =1 foxr (3.71)
d ((t-TSSA)/(21-TSSA)) * FSA,1 1 t>TSSA
f

-—

3.3.10 Heating Auxiliaries

Heating auxiliaries refers to the electrically driven equipmént
such as pumps and fans used in conjunction with ©il and gas home
heating systems. Energy demand is simply the number of fossil-fuel
heating systems multiplied by the average unit electrical demand
for auxiliaries. With the assumption that all customers have
either fossil fuel or electric space heating, the heating auxiliary
saturations is given simply by one minus the electric space heating
saturations. This is used in developing the yearly number on-line
{Equation 3.72). The expression for annual heating auxiliary
energy consumption (Egquation 3.76)is composed of contributions
from surviving base year households (defined in Egquation 3.74) and
newly constructed units. Energy requirements for these are shown,
respectively, in Equations 3.73 and 3.75 where possible decrements in
average units usage due to improvements in the average thermal
integrity of residential buildings is account for. On the other
hand, the model does not explicitly include possible decreased energy
requirements due to heating system or electric motor efficiency
improvements.

-37-
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TABLE 3.11
SUBMODEL FOR HEATING AUXILIARIES

Variable Code:

t Year {base year = 1}
k Housing type (1=SF, 2=MF)
ESHSAT Electric space heat saturation
UNAVBS Average unit usage in base year.
TIINMP Thermal integrity improvement over base year ‘
TIE Thermal integrity improvement of base year housing units
TIN Thermal integrity improvement of new construction units
HSTQCK Housing stock
BYHSTK Base year non-ESH housing units surviving
HRET Housing unit removal rate ) _
TOTK Total number of non-ESH housing units
ENEUI Annual energy demand
EWNEUI1 Annual energy demand from base year housing stock
INEUIZ Annual enerqgy demand from newly constructed units
Equations:
TQTEX = - 3.7
OTRy 4 (1 ESHSATt’k) x HSTOCK, ( 2)
uNEUIlt,k = BYHSTKt'k X (l-TIEt,k) x UNAVBSk (3.73)
where:
t-1 ,
= - 3.
12‘»3:.’I-ISTKt,k TOTKl,k *x (1 HRETk) ( /=)
ENEUI2 = ENEUIZ + - UNAV
£,k BUL2y y,x * (I-TINg ) * UNAVBS, (3.75)
’ x - -
(TOTKt’k TOTK, ) j + BYHSTK, ) | BYHSTKt’k]
Finally,
ENEUIt,k = ENEUIlt’k + ENEUIzt,k (3.76)
~38-
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3.3.11 Miscellansous Appliances

This category includes an enormous array of small appliances used in the
hame for food preparation, entertairment, maintenance and personal care. S8ince
energy demand in this category consists of use in a large variety of devices,
each with low anmual consumption, a disaggregated camputational scheme is in-
appropriate. Consequently, forecast energy consumption is computed simply as
the product of average demand per housing unit and the number of housing units
{(Equation 3.75). The average unit usage deviates from base year values by a
factor which is phased in linearly over the forecast pericd (BEquations 3.76
and 3.77).

Average use per custcmer of miscellanecus appliances had been generally
increasing prior to 1973 as part of the overall growth in energy-intensive
equipment fostered by a cambination of rising real per capita income, declining
real electricity prices, and an explosion of small convenience devices. Cwrrent
trends can be expected to moderate growth. Major factors are:

- increasing electricity costs

- substitution effects (e.g., cooking devices for ranges)
- decreased growth in disposable incame

- energy conservation awareness

~ smaller families

- market saturation

on the other hand, unanticipated new devices may appear in the marketplace to
refuel growth in average consumption. Consequently, there is a good deal of

uncertainty in use per custamer trends over the twenty year forecast. Actual
scenario runs of the model encompass a range of values.

. TABLE 3.12
SUBMODEL FOR MISCELIANEQUS APPLIANCES

Variable Codes

t Year (base year = 1)
HSTCCK Total number of housing units year t
UNBVBS Anmual average usage per housing unit in base year
UPCIN Use per custamer increase
UNav Anmual average usage per household unit
ENREU Total annual energy consumption
tionsg

ENREU, = UNAVt % HS'IOCKt . (3.75)
where

UNAVE = (1+HUPCING) * UNAVBS: (3.76)
with 7

UPCINg = ({t-1)/20) x UPCIN,y {(3.77)

-39~
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4. COMMERCTAL SECTCR

In modeling electrical energy consunption for the commaercial sector, the
degree of analytic detail is oconstrained by the adequacy both of the data base
and current understanding of energy flows in the cammercial building sector.
Over the past few years, however, substantial progress has been made in quanti-
tatively characterizing the camponents of commercial demand which allows for
considerably nore refinement than has been traditionally employed (see e.g.,
Refs. 2-6).

The importance of avoiding aggregate historical trending or correlation
analysis is underscored by the reversal or diminution of the underlying factars
that drove U.S. commercial energy growth at over 5% per year in the twenty years
preceding the oil embargo of 1373. These factors included: rapidly increasing
population, per capita income, and proportion of employment in services, combined
with decreasing energy costs.

The cammercial model tracks energy demand for five building types (BT},
four end-uses (EU), or twenty BT/EU cambinations each for existing and new
buildirgs. These are displayed in Table 4.1 along with the commercial category
allocated to each building type. Both demarcations - "building type" and
"camercial category" - will be useful in constructing the commercial model.

4.1 Model Structure

As discussed in Sec. 2, the underlying strategies in the cammercial and

residential sectors are analogous. In the commercial sector, the measure of
energy using activity is the magnitude of floor space while the energy intensity
is expressed in average annual KWH/square foot for each end-use, building type,
and utility service territory. The elewents of the model are displayed

" schematically in Figure 4.1. The specifications of base year floor space,
average consunption per square foot of each end-use ("electrical use coefficients"),
and saturations {(fraction of floorspace with end-use) gives the base year
breakdowns. Folding in the time dependences of floorspace, conservation, and
saturations, one arrives at the yearly forecasts.

The cammercial forecast model, therefore, divides conceptually inte two

separate submodels: one for floorspace and the other for electric intensity.
These will be discussed in turm.

4.2 Commercial Fleoorspace

The floorspace computation is summarized in the first row of Figure 4.1.
Note that the fleorspace analysis is disaggregated by cammercial category;
these are then aggregated to building types according to the allocations of
Table 4.1. The reason for this procedure is that while detailed growth forecasts
are available for the 14 commercial categories {(Reference 7), the latest intensity

=40~
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TABLE 4.1
COMMERCIAL MODEL END-USES, BUILDING TYPES AND COMMERCIAL CATEGORY

Index [Tndex Index
i Ind Use k 3uilding Tvpe 3 Commercial Category
1 Space-Heating 1 Office 1 Tinance, Iasurance znd Real
2 Cooling Estcata
3 Light & Power 2 Federal Government
4 Auxiliary 3 State & Local Government

Proiessional Services

(£

Retail 3 | Retail and “holesale
3 Hospitals 13 ¢ Hospitals and Health Related
} Estaplishmen:s
‘
4 Schools 12 % Scheols and Zducational
. M l
I . PR .
5 Other 5 , Trucking and Warzhouse
7 1 Other Transportation Servicas
8 , Communications
i 9 i Lodzing & Personal Services
I 10  Busimess & Repair Services
i : . -
i L1 : Amusement & Recrzzition
12 | Railroad
1=
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J TABLE 4.2
COMMERCIAL MODEL -~ FLOORSPACE

Indices
t=1,2,... Year (1975 = 1)
i =1 to 14 Commercial category
n=1+to 2 Existing or new building
k=1to 5 Building types
Variables
SQFTCC Square footage by commercial category
SQFTBT Square footage by building type
RSQFT . Annual retirement rate of base year floorspace
SPOP Statewide populaticn
UPQP Population in forecast area
SAPOP School age population in forecast area
PARAM Parameter used for floorspace growth
EMP Statewide employees
COXIND Commercial index giving floorspace ratios
in. successive years
QOSQFT ' Pre~1976. floorspace remaining in year t
NSQFT New floorspace.
AGG Aggregation matrix from commercial category
to building type
Equatiens:
Growth parameters:
. = EM , 7
PARAMt'j ELPt,j X LPOPt/SPOPt
for j = 1 to 12 and
PARAMt'l3 = UPOPt
= D
PARAMt,l4 SA.OPt
Growth indices:
. = . . for t»1
COMIND,C'__j PARAMt'3 /PARAMt—l,j
Iterate:
.= . % SQFTCC . for t>1
SQF'I‘CC‘t’j COMINDt'J Q t-1,3
with SQFTCCI 3 inputted.
r

Aggregate to building type:

SQFTBTt'k = ﬁAGGj’k x SQFTCCt’j

Breakdown to existing and new:

t
. = + I NSQFT, .
SQFTBT, , = OSQFT, t;=2L QFT, '

(continued)
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where
SQFTBT, , t =1
% ek ={ (l—RSQF; ) x OSQFT For {t > 1 (4-8)
k t-1,k
and
NSQFT, , = SQFTBT, , - SQFTBT,__; (4.9)

+ RSQFT) * SQFTBT,_;

—44-
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data and conservation penetration analysis are available on the basis of building
type (References 6 and 8). Floorspace is thus treated on the basis of camercial
category and then aggregated to the bhuilding type demarcation.

The system of equations for the flcorspace camponent of the commercial model
is given in Table 4.2. The model is based on a year-to-year iteration (Equation
4.5). Two factors are involved: 1975 £loorspace data to initialize the iteration
and an annual growth index.

4.2.1 1975 Floorspace

A separate computation was performed to generate the 1975 floorspace data.
This was required due to the paucity of data on existing cammercial building
stock. Initial floorspace estimates were derived by multiplying Census .
employment data (Reference 9) by average floorspace per employee. School and
hospital estimates were taken from national floorspace estimates (Reference 6)
scaled to the forecast region by the ratio of state to national pupils and
hospital beds, respectively - (Reference 5). The sguare foot multipliers, giving
average footage per emplovee by camercial category, are displayed in Table 4.3.
They are based on average values by SIC given in the literature (References
5, 10}, aggregated to camrercial categories by using the groupings in the
table (Reference 11} and taking weighted statewide averages over the SIC's
within a group.

The 1975 floorspace results are used as data in the floorspace module of
the main commercial program (see Equation 4.3). Total floorspace is ultimately
calibrated to the specific utility by normalizing to base year energies as
discussed later.

4.2.2 Floorspace Growth Indices

The growth indices ("COMIND") give floorspace ratios in successive year
(Table 4.2, Ecuation 4.4). The gowth indices are equivalent to:

CCI{ENDt’j = (1+ GRSQF‘ICCt'j) ' {4.10)

GRSQFTCC,. j = average annual growth rate of square footage
! in camercial category and vear t.

For the case of hospital and health related establishments (§ = 13), population
growth is the proxy for floorspace growth (Equation 4.2). For the case of
schools (§ = 14}, floorspace growth is equated to growth in school age population
(Ecuation 4.3). For the other commercial categories, the level of employment
was taken as the best measure of activity and, therefore, flocrspace growth.
Estimates of population and employment growth used in the current forecast are
postponed to the data discussion below.

—-45-
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TABLE 4.3

SOUARE FOOTAGE MULTIPLIERS

Camercial Category

L.

10.

11.

12.

County Business Patterns Admin.

Finance, Insurance, Real Estate(FIRE}

Federal Goverrment
State and Local Goverrment
Professional Service

Retail & Wholesale

Trucking & Warehouse

.. Other Transportation

Communication o
Lodging and Personal Service

Business and Repair Service

Amusement & Recreation Service

Railroad

Services

* Source: References 5 and 10

& Auxiliary

Average

Square Feet

Correspornding SIC's Per Employee*

60 155
61 214
62 176
63 149
64 149
65 390
66 187
67 156
gl 189
92 183
93 393
81 211
83 216
89 312
50,51 682

52 987 -
53 271
54 509
55 502
56 532
57 B78
58 270
59 444
42 3162
41 280
44 139
45 809
46 8050
47 - 780
48 177
70 837
72 304
73 275
75 1422
76 270
78 777
79 871
84 2000
86 860
40 187
200

~-46=-
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4.3 Electric Energy Intensities

With floorspace estimates generated with the methodology just
described, there remains the second element of the commercial fore-
cast: average electric energy consumption per square foot. As
shown in the lower twc rows of boxes of Figure 4.1, the evaluation
of intensities again involves two phases: first, a specification of
initial values of electrical demand coefficients (defined as
average annual electrical consumption of a given BT/EU/service
territory combination) and end-use saturations; second, an estimation
of conservation penetration and saturation grewth. We shall discuss
these two phases sequentially.

4.3.1 .1975 Intensities

Average electrical demands by end-use and building types have
been adapted from the "theoretical building loads" developed for
the Department of Energy by Arthur D. Little, Inc. (Reference 8).
The study combined engineering design parameters and survey research
to arrive at estimates of average building reguirements for each
of the EU/BT combinaticons treated in the commercial model. The
adaptation of ADL's Northeast region building loads to unit
electricity demands [electrical use ccefficients) by service
territory requires the adjustment of weather sensitive loads to
the prevailing climatic conditions.

§.3.2 Futﬁre_Intensities

The computation of forecast year intensities is described
in Table 4.4. Intensities are, by definition, the preduct of the
saturation (fraction of floorspace withzend—use) and the electrical
use coefficients (average annual KWH/FT® of floorspace with end-
use)., This is expressed mathematically by Eguation 4.13. ©Note
that the intensities are specified by 4 end-uses and 10 building
types. In practice, however, many of the inputs are trivial.
(E.g., saturations are defined as 1 for 1 = 3 and 4}.

The time dependence of the electric use coefficient ("EUGC")
is obtained by incrementing the 1975 values by changes in end-use
demands due to conservation practices initiated in the post-1975
era. In Reference 6, three levels of efficiency improvements are
considered: 1) improvements which provide quick payback and
require minimal engineering expertise (e.g., insulation, reduced
lighting requirements, and other "housekeeping")}, (2) level 1
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improvements plus off-the-shelf technologies that require building
and equipment modification (e.g., night setback, HVA/C system
controls), and 3) levels 1 & 2, plus capital intensive modifications
requir in g considerable engineering support (e.g., building
automated systems, waste heat reclamation). These three groupings
are labelled by "m" in Table 4.4.

The energy savings that the technology and modifications
associated with each conservation level would achieve are provided
in Reference 6 for each U.S. region. These savings are to be
applied against the base line loads discussed above. The matrix
of percentage efficiency improvements is given in Table 4.5 by
level, building type and end-use. They are also broken down by
new buildings and 1975 stock ("retrofit").

The overall savings are functions both of the energy reguirement
reductions related to the conservation level and the penetration
of these levels. Here, level "penetration" is defined as the
fraction ¢f floorspace in the given year and BT/EU combination at
the given level. The average savings are then given by the sum
over levels of the product of level penetration ("PEN_ . ") and

, : "y " 3 3 tlllng
percent improvement ( PIMPt,i,k,m ) as given in pqgquation 4.12.

The time dependence of the electrical use coefficients can
then be written as the initial value multiplied by a decreased
demand factor (Equation 4.11). The penetration of the conservation
level technology groupings is dependent on a number of factors:
initial costs, consumer preference, capital availability, pay-kack
time and electricity costs. Using linear programming techniques,
optimal energy technologies by building type (new or retrofit market)
and. end-use have been computed {Reference 6). The mix of penetrations
which result are functions of inputted economic assumptions.
Consequently, the forecast scenarios can incorporate sensitivity
to a range of assumptions on, e.g., future fuel costs. The
electrical intensities require, in addition to the electrical use
coefficients, "saturation" estimates. ({Egquation 4.13).

An additional factor must be taken into account for the
electric space heat end-use: the possible use of heat pumps.
Penetration analysis suggests that electric space heat with heat
pump is cost-effective over conventional electric resistance heating
for all new constructicon to 1985. The model allows for a market
response delay by phasing in the fraction of new electrically space
heated buildings which have heat pumps to unity in 1985. Additionally,
the model incorpeorates the cautious assumption that solar heating
and air conditioning will have an insignificant impact on overall
load during the forecast period. 1In the case of water heating,
where electricity consumption is relatively insignificant, solar
energy would substitute primarily for fossil fuels.

-48-
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TABLE 4.4
ELECTRIC ENERGY INTENSITIES

Indices
t Year (18975 = 1)
i Commercial end-use (i = 1 to 4)
k Building type (k = 1 to 3)
n Existing or new buildings (n = 1 to 2)
m Conservation levels
Variables
INTEN Electrical intensity {average annual KWH/FTZ)
EUC Electrical use coefficient (= INTEN with all
saturations = 1)
SAT Saturation (fraction floorspace with end-use)
PEN Market fraction ("penetration")
PIMP Percent (%100} energy savings (i,k.,n)
at given conservation
PENSUM ’ Fractional energy decrease
HPFRAC Fraction new electrically heated buildings
COF Heat pump ccoefficient of performance
Equations
From definitions:
EUCt,i,k,n = (1 ~ PENSUMt,i,k,n} X EUCl,i,k,n
where 5 .
= x
PENSUMt,i,k,n m PIMPt,k,n,m PENt,i,k,n,m
and
Lo INTEN, 4opn T OSATe gk,n U E¥C: i xm

except for new electric space heating building where heat pumps
are phased-in:

INTENt,l,k,Z (HPFRACt/COP + (l—HPFRACt)) x
SATy 1,k,2 * EUSt,1,x,2
where HPFRAC is given the following linear parameterization:
HPFRAC, ={[%%£]xHPFRAC11 fop ES11
"HPFRAC Of ¢711

1l

e

{4.11)

(4.12)

(4.13)

(4.14)

(4.15)




TABLE 4.5

FRACTION OF LOAD SAVED

Conservation Level

Building Type End-Use Retrofit Market New Market
1 2 3 i - 2 3
Qffice Heating .11 .15 .23 .25 .35 .40
Cooling +13 17 . 34 .20 + 35 47
L &P .25 .50 .50 .15 .25 .25
Aux .17 .28 .38 .10 .16 .20
Retail Heating .08 .23 .25 .30 .42 .50
Cooling W12 .20 .20 .25 .37 .46
L &P .13 .25 .25 .15 .24 .30
Aux .18 . 36 .45 .10 .16 .20
Hospital Heating .07 .15 .16 .20 .32 .40
Cooling .07 . 24 .28 .15 .25 .33
L &P .08 .12 .17 .10 .15 W15
Aux .19 .25 .30 .10 .15 .15
Schools Heating .14 .21 .29 .30 .42 .50
Cooling .16 .26 .56 .25 .35 .41
L &P .12 .30 .42 .15 .20 .20
Aux .26 .33 .53 .20 .25 .30
Miscellaneous Heating .09 .15 .26 .30 .42 .50
Cooling .05 .12 .24 .25 .35 .40
L &P .09 .15 .24 .15 15 0 .20
‘Auk .14 .23 .32 .15 .20 .20

=50~
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4.4 Energy Forecast

The computation of commercial sector energies is a straight-
forward exercise once the forecasts for floorspace and electrical
energy intensity have been obtained. The expressions for average
annual energy consumption by end-use and building types are given
in Table 4.6.

Calibration to base year sales is performed on total sales:

. z
= . .16
Commercial Energy Sales, year t i,k,n ENCEUt,l,k,n (4.16)
The model is first run from 1975 {(£=1) to the base year {(t = l+base
year - 1975). The total floorspace is then adjusted to normalize

total sales in a given service territory to base year experience.

An overall square foot adjustment factor scales each term in the
energy sum (Eguation 4.17). The necessity for such an adiustment

is traced to the use of national average square foot per employee
data. One finds, as anticipated, that such data closely approximates
state averages except in service areas dominated by land-scarce

urban centers.

TABLE 4.6
COMMERCIAL ENERGY FORECAST

Indices
t Year (1975 = 1)
i Commercial end-use (i = 1 to 4)
k Building type (k = 1 to 5)
n Existing or new buildings (n = 1 to 2}
Variables
ENCEU Annual energy consumption _
INTEWN Corresponding electrical energy intensity

(See Table 4.4)
OSQFT Remaining 1975 building stock floorspace

{See Table 4.2)
NSQFT New floorspace (See Table 4.2)
Equations
Retrofit market:

= ) 4.17

ENCEUt,i,k,l INTENt,l,k,l ® OSQFTt’k { )
New Construction:
t
= . F 4.19
ENCEUt,i,k,2 tF=2 INTENt',l,k,Z X NSQ Tt',k { }
_51_
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5. INDUSTRIAL SECTOR

As with the residential and commercial sectors, industrial
energy consumption is broken down into products ¢f energy using
activities and energy intensities of those activities. The measure
of activity in the case of industrial energy consumption is physical
output (in units/year} for each major manufacturing subsector.

The subsectors are chosen at the two-digit Standard Industrial
Classification (SIC) level. Less detail would lose sensitivity
to differing growth and electricity use trends among industries;
more detail would regquire inputs beyond the capability of the
current data base. The SIC's included in the forecast are given
in Table 5.1.

The electric energy intensity for the industrial sector is
correspondingly defined as average electricity consumption per
unit of production. The growth in production is related to the
level of economic growth and business activity in the state, while
the electric intensity is a function of several major factors:
process technology, pollution control requirements, conservation
level, and fuel mix. In past decades, electrical energy growth
has been driven by increases in production level, energy intensive-
ness in manufacturing processes, and increased fuel fraction for
electricity, on the one hand, and a virtual absence of energy
conservation, on the other. The job of forecasting is to adequately
characterize historic experience and to incorporate a realistic
range of growth in the demand-driving factors.

5.1 Model Structure

The model elements and their relationship are schematized
in Figure 5.1. Growth in base year electric energy consumpticn
by S8IC are related to growths in production and electric energy
intensity. The resultant electric energy demand must then be
divided into the amount purchased and the amount self-generated
since it is the purchased energy which is ultimately identified
with utility sales. Changes in the fraction of electric energy
consumption supplied by self-generated electricity must alsec bhe
allowed for.

The forecast energy thus depends on the specificaticns of
base year experience, the forecast of production greowth, the trend
in electric energy intensity, and the changes in fraction self-
generated, These will be discussed, respectively, in Sections
5.2 to 5.5, and brought together in the energy forecast model
described in Section 5.6.
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TABLE

5.1

STANDARD INDUSTRIAL CLASSIFICATIONS

Description

Food and Kindred Products
Textiles

Apparel and Other Textile Products
Lumber and Wood Products
Furniture and Fixtures

Paper and Allied Products
Printing and Publishing
Chemicals and Allied Products
Petroleum and Coal Products
Primary Metal

Fabricated Metal Products
Machinery (except electrical}
Electric Equipment
Transportation Equipment
Rubber and Plastics

Leather

Stone, Clay and Glass
Instruments, Related Products.
Miscellaneous
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Base Year

Electric Energy
Consumption by SIC

Temporal Factors

Forecast Year

i

Self-Generated
Electricity by SIC

Growth 1in Productiga} I

Electric Energy
Consumption by SIC

Growth In Electric Energy
Intensity

Purchased
Electricity by SI1C

Self-Generated
Electricity by SIC

Change in Fraction
Self-Cenerated

Purchased Electricity
by SIC

Total Industrial Sales

FIGURE 5.1
INDUSTRTIAL SECTOR MODEL SCHEMATIC
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5.2 DBase Year Experience

The model regquires inputs on base year industrial sales and
self-generated electricity by two-digit SIC. Statewide data is
available from public sources (see e.g., Reference 12), Fractional
breakdowns of base year sales by service territory and SIC are
generally available and may also be generated from statewide
data on the basis of county employment by industrial grouping
(Reference 9), and on county to service area allocation matrices.
This is, of course, not necessary for Statewide forecasts.

5.3 Production Growth

The measure of industrial activity which is employed in the
model is the level of actual physical production. Economic
measures: often used in forecasting - value added, employees, value
of shipment - do not track production directly. In addition, to
accurately capture trends in process shifts and in fuel mix in
industry, energy intensity (discussed in the next sub section)
should be expressed on a XWH per unit production basis rather
than, say KWH per $§ value added.

The Federal Reserve Board gathers data on industrial production
nationally {(Reference 13). This data is reported in the form of
the "national production index" which, for each SIC, is normalized
to 100 for 1967. Composite forecasts of NPI's are also available
{Reference 14).

To make use of the national historical and forecast information,
account must be taken of deviations between state-level and national
trends. Specifically, national production growth must be weighted
by any changes in the fraction of U.S5. production cccurring in the
state. The best available forecasts on the ratio of state-to-
national production activity are provided by the BEA (Reference 7)
on the basis of earnings.

Combining these factors, we arrive at the expression for
state production index (SPI) given in Table 5.2. As we shall
see in Section 5.6, the ratio of SPI, . for successive years
alone is utilized in defining annual éhergy growth. Consequently,
the absolute values are irrelevant to the model and any convenient
normalization is acceptable. In practice, we shall follow the
FRR's normalization procedure.

Alternative estimates of state production growth can be developed
from combining productivity trends (measured in physical output per
manhour) with state-level employment forecasts available from State
planning offices. Both methods may be considered in estimating likely
ranges of industrial production growth. We shall return to the specifics
when discussing input data assumptions.
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Indices

Variables
NPI

SPI
SNER

tion

SPI

TABLE 5.2
STATE PRODUCTICON INDEX FORECAST

Year (base year = 1)
Industrial grouping by 2 digit SIC (j = 1 to 19)

National production index
State production index
State to naticnal earnings ratio

= SNER, . x NPT

(5.1)
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5.4 Electrical Fnergy Intensity

Electrical energy intensity - average consumption per unit of physical
output - has changed over time for three major reasons:* adoption of capital
intensive production technologies, changes in the mix of fuels used for thermal
and process energy, and increased use of energy management practices. The
historic time series intensities may differ radically by SIC classification
and by geography since the impact of these factors will be a function of
particular manufacturing conditions, fuel prices and availability, employment
constraints, technology vintage, and State policy climate. We shall discuss
later the methods for estimating ranges of future electric intensity for
indusiries in the State.

5.5 Fraction Self-Generated

Up to this point, industrial electricity consumption has been forecasted
on the basis of the total demand for electricity on the custamer’s side of
the meter:

Total KWH Demand = Production x Intensity

where mtens:.ty is expressed in terms of unit production requirements. Only
part of this demand must be met by the utility, however, since many industries
produce some of their electricity requirements in-house.

Therefore, an additional factor--the fraction of total electrical energy
consumption which is self-generated--is necessary in camputing forecast
industrial sales. This fraction may change over present values as a result
of national energy policy, develcoping state interest in addressing regulatory
and other barriers to such investment, and renewed interest among industrial
planners in combined energy systems as a result of the increasing costs of
electricity. Therefore, the historic decrease in the fraction self-generated
is likely to reverse. The degree will depend on scenario assumptions based
on existing studies of cogeneration potential and on historic levels experienced
in the State.

5.6 Energy Forecast

The basic elements required for the industrial sector have now been
described; they are brought together in the energy forecast model summarized
in Table 5.3. The iteration (Equation 5.5) is first initialized for the base
year. The fractional breakdown of industrial sales (BEquation 5.2) is used to
define base year sales by SIC. Total energy is derived fram purchased energy

* Short term fluctuations related to, e.g., business cycle or large plant
relocations, are not gexmane to the long-range forecast which depends
only on secular trends.
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using base year values for the fraction self-generated (Equation 5.3). The
growth index of Equation 5.4 (=1 + average annual rate of growth in year t)
is based on the growths in state production index (Secticn 5.3) and electric
energy intensity {Section 5.4). Finally, forecasted total energy consumption
is decreased by the self-generated component to arrive at the forecast for
industrial sales (Equation 5.6).
TABIE 5.3
INDUSTRIAL ENERGY FORECAST
Indices
t Year (base year = 1}
j Industrial grouping by 2-digit SIC {(j = 1 to 19)
Variables
TESIC Total electric enerqy oconsumption
PENSIC . Purchased electric energy consumption
ISALES Base year total industrial sector sales
SEX Electric intensity
SP1 State production index
MIX Fraction base year industrial saies breakdown
IND Growth index
SGEN Fraction self-generated
tions
Initialize (t=1):
PENSIC1 3 = -MIXj x ISALES - (5.2)
TESIC . = ) - .
, .Cl'J PENSICLJ/(.‘L SGENLJ) (5.3)
For t>1, define growth index:
IND, ; = (SEI_ X SPI, J) / (SEI_; 5 X SPI_, .) (5.4}
Thern,
TESIC, 5 = IND, 4 X TESIC,_ j (5.5)
PENSICt'j = TESICt’j x (l—SGENt'j) ‘ (5.6}
—58-
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6. OTHER ENERGY REQUIREMENTS

The residential, commercial, and industrial sectors account for the bulk
of energy consumption. The residual categories are street and highway lighting,
railroads, company use, losses, and sales for resale. Of these, the last item
represents KWH sales to other electric utilities. Since we are interested
in only demand for electricity on the utility system (not on itself), this
category can be ignored.

The category "losses" refers to electric energy lost in the transmission
and distribution lines in the oourse of serving system customers., Utility
"company use" is the energy consumed by the electric utilities themselves
in business operations. These two categories - losses and company use - are
accounted for in the model by a fraction of total sales (FRLS ¢ in Table 6.1).
That is -

losses and conpany use

t = total sales t

Total sales ipcludes, in addition to the three main sectors discussed in
earlier sections, sales for railroad and street and highway lighting. Total
energy from the "other" sector is then derived from Equation 6.1. Yearly
energy sales from the three main sectors are inputed from the respective
sectoral models, base year data for "other" sales, losses and company use
are readily available fram utility records. Deviations from base year values
are provided by Campany forecasts or can be independently estimated.

- TABLE 6.1
OTHER ENERGY
Indices
t Year (base year = 1)
Variables
FRISt losses and ocompany use as a fraction of total sales
SUMt Sum of energy sales to residential, commercial and
industrial sectors
OSJ:‘%LESt Energy sold for street and highway lighting and
- railroads
GTHENt Energy sendouts in "other" category
ation
OTHE‘.Nt = OSALES,C + FRISt ® (SUL\*it + OSAI.ESt) (6_.1)
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7. PEAK POWER

In the preceding sections, we have concentrated on the electrical
energy forecasting model, Here, we shall turn instead to the method
for translating these results into peak power demand forecasts
{"demand" henceforth). Power, being the rate at which energy is
- expended, will be expressed in upits of 1000 KWH/Hour or simply MW.

In developing peak power forecasts, a compromise between a
disaggregated end-use approcach and gross load factor approach has
been adopted. The former regquires excessive data reguirements on the
composition of demand at peak. The latter loses the ability to
track changes in the relationship between enexrgy and peak due to
shifts in the relative contribution of lcad components as a result of
differing end-use growth rates or changes in use patterns. The system
peak (summer and winter) is analyzed in terms of two components =~
"weather sensitive demand” and "base demand”. 1In addition, certain
impacts of load shifting are explicitly treated. In other words,
changes in system load factor due to a changing mix of base to
seasonal load and due to shifts of some energy-using operations off-~
peak are included.

The computational specifics are summarized in Table 7.1. First,
the total energy is calculated by summation over the separate end-use
forecasts developed in the sectoral models (Equations 7.1 to 7.4).

The problem next is to group weather sensitive energies on the one
hand, and base energy, on the other hand. By weather sensitive energy
we mean extra electrical energy consumed as a result of seasonal
climatic wvariation. For example, electric space heating energy is
completely winter weather sensitive while energy consumed for

comfort cooling is completely summer weather sensitive. Such strictly
weather sensitive end-uses are grouped together in Equation 7.5

while the weather sensitive fractions WSFR are given in Table 7.2.
Additionally, the seasonal fluctuation in the other residential
usages, defined in Equation 7.6, gives the variation of seascnal

usage from average levels.

Next, weather sensitive commercial end-uses are identified in
Equation 7.7. The notational convention is correctly incorporated
by identifying summer (p=1l) and winter (p=2) correctly with the
cocling and electric space~heating end-uses, respectively. Breakdowns
on weather sensitive to non-weather sensitive energy requirements in
the industrial and "other" categories are not available. However,
these sectors generally show minimal seasonal variation since, for
example, monthly industrial process requirements are correlated to
market fluctuations which, in a long term model, can be treated as
temporally random. Consequently, industrial and "other" energy
will be included in our "base" energy category. It is worth stressing
that the division into weather sensitive and non-weather sensitive
components is only necessary anyway when the relative weight of component
contributions to peak change. If the shape of the annual load curve
is not expected to change, a single load factor would suffice in
mapping annual energy to seasonal peak.
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summation of its sectoral components. For summer, we have the simple
sum of Equation 7.10. For winter, two additional complications arise:
{1) the model allows for the possibility of thermal storage in the
commercial sector and (2) heat pump efficiencies (which are functions
of temperature) must be reduced in calculating the winter peak. We
shall discuss these in turn.

Rate differentials by time-of-day, if large enough, can make capital
investment in thermal storage systems economically attractive. We have
allowed for this possibility in the most promising case of commercial space
heating. That fraction of usage which is shifted to off winter peak should
not be included in the winter weather sensitive energy used to compute
winter peak. This is taken into account explicitly in the second term
of Equation 7.11 where the "fraction off-peak commercial weather sensitive"
(FOPCWS) is phased in linearly from zero for the assumed start-up of
time-cf-use rates to a value assumed for the year 2000 (Eguation 7.12).

The values selected depend on scenario assumptions on the likelihood and
nature of future time-cf-use rates.

The other complication in deriving the winter weather sensitive
energy is the decrease in heat pump coefficient of performance at colder
temperatures. If average seasonal energies were used to drive the winter
weather sensitive peak, underestimates of peak demand would result since
more KWH of '‘electric input per KWH of heating output are required on
colder days. The third term in Equation 7.1l corrects for this effect.
Forecast annual electrical energy consumption for heat pumps, are computed
in the residential and commercial energy programs {(called TREHP and
TCOHP, respectively). The ccefficient of performance correction factors
(COPCR and COPCC for residential and commercial sectors, respectively)
are defined as the ratio of average to coldest day COP. The method and
assumptions for estimating the corrections are discussed later.

Next, the base energy is defined by subtracting the strictly weather
sensitive parts from total energy (Equation 7.8). Also subtracted is
an estimate of residential. "base" energy consumption that would be shifted
to off-peak should TOU rates be adopted for the residential customer class.
The cff-peak shifted energy is paramaterized in Equation 7.9 where
estimates of the start-up year and fraction of time~-flexible end-use
consumption shifted are required. Time-flexible end-use consumption is
defined here (after Reference 15) as the energy used for clothes dryer,
clothes washer, dish washer and water heater. These are the end-uses
that could most conveniently be shifted in response to off-peak reduced
rates and for which the customer would experience little or no life-style
alteration. Additiconal load shifting is conceivable - e.g., timers on
freezer and refrigerator automatic defrost devices and thermal storage -
but considered less probable.

Armed with the base and weather sensitive energy component, the summer
and winter peaks are computed in Equation 7.15. The "coincident load factors
are defined- here, - for & given component of demand, as the ratio-ef the
contribution to the utility system peak and the energy. Since energies will
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be expressed in 106 KWH (GWH) and demard will be expresséed in MW, the "ooincident
load factors" are in units of (103 hours)~l. They are derived in Equations

7.13 and 7.14 from base year experience. The base year energies are derived
within the model as discussed above, while base year summer and winter peaks are
those experienced in the base year (weather normalized if available). The
division into "base" and "weather sensitive" peak is derived from analysis

of the variation in monthly peaks as a function of temperature as will be
explicated in the data discussion.

TABLE 7.1 .
PEAK POWER MODEL
Indices
t Year {base year = 1)
p Season (1 = summer, 2 = winter)
ik,3,n End-use indices as defined in Sections 3-5
Variables
BY Base year
TCOTEN Total energy requirements
BD . Base demand in base vear i i " "
AFBEU Lverage seasonal fluctuations of residential "base
BE Base enerqgy end-uses
WSE Weather sensitive energy
RESSA Residential sales
QvMSA Camercial sales
INDSA Industrial sales
OTHEN "Other" energy requirements
ENREU Energy consumption residential end-uses
ENCEU Energy conswurption cammercial end-uses
PENSIC Purchased energy industrial by SIC
CL¥B Coincident load factor——base
CLFWS Coincident load factor--weather sensitive
RTOUY : TOU rate start-up year-—residential sector
CTouY TOU .rate start-up year—comnercial sector
FOPRR Fraction time-elastic enerqy consumption shifted
off-peak
FOPRET Fraction time-elastic energy consumption shifted
off-peak by 2000
CFBER. Base energy shifted to off-peak in residential
sector
FOPCWS Fraction commercial weather sensitive demand
off-peak
FOPCWT Fraction commercial weather sensitive demand
off-peak by year 2000
WSFR Weather sensitive fraction residential end-uses
COPCR Coefficient of performance correction factor -
residential
aoPCC ’ Coefficient of performance correction factor -
commercial
TRCE:F . Total energy consumed by residential heat pumps
TCOHP Total energy consumed by commercial heat pumps
PEAK Peak .
{continued)
_.62_
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TABLE 7.1 (Continued)

Variables {Continued)

CNWH Fraction of residential waterheating load
controlled in year +
Ecuations
Sectoral energies:
14
RESSAt = _E ENREUt'l {(7.1)
i=1
5 4 2
COMMSA, = I z £ ENCEU . (7.2)
€ k=1 i=1 =1 Eok,n,d
19
INDSAt = jil PENSICt'J (7.3)
Total energy: .
TOTENt = RESSAt + COMMSAt + INDSAt + OTHENt (7.4)
Define intermediate sums:
13
RWSSUM = L WSFR, x ENREU . (7.5)
t,E . i,p t,1
i=10
9
w = 7
AFBdUt’p 'E WSFRi,p x ENREUt,i (7.8)
i=1
=
CWSSUMt,p k,n ENCEUt,k,n,3~p (3-p is end-use label) (7.7)
then . 2
B = TOTEN, - I RWSSUM + SUM 7.8
Et £ oo ( t,p CW t,p) ( )
- OPBERt
where
{ CNWIJI,(__1*<ENREUt’8
OPBER = b
t - ~C?
FOPRBt[iZGI7'9ENREUt'i+(1 CVWHt)i*ENREUt’S]
+ CNWHt X ENREUt,S
<
t - RTQUY
for {t > RTOUY
and :
FOPRBt = {£~RTOUY) /R00L-BY-RTOUY) x FOPRBT (7.9)
- 63 -
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TABLE 7.1 {(Continued)
wéathe_r sensitive energy:
WSEt,1 = RWSSUMt’l + CWSSUMt'l (7.10)
W'SEt'2 = R!AV:':‘SUI‘&.t2 + (l—FOPCWSt) x CV'JSSUI"lt"2 (7.11)
+ TRE‘HPt x (COPCR-1) + TOOHPt *x (COPCC-1)
where
]
FOPCWS,_ = {
((T-CTOUY) / (200l - BY - CTOUY)) X FOPCWT (7.12)
<
for t - CTOUY
t » CTOUY
Define:
CLFB = BD / BEl (7.13)
CILFWS_ = y: - X (BE+AFBE WEE 7.14
o (PET-\KP CLFB x ( l,p)‘)/ 1,p { )
then
PEAKt’p = CLFB * (BEt + AFBEt’p) + CLFWSP x WSE{__,p {7.15)
TABLE 7.2
SEASONATI, VARTATION OF RESIDENTIAL ENERGY USE
End-Use Summer Winter
Refrigerator .05 -.04
Freezer .03 -.04
Range -.05 .03
Lighting -.08 .05
v -.02 .02
Clothes Dryer -.04 .01
Clothes Washer -.04 .01
Dishwasher -.04 02
Water Heater -.05% .05
AC-~-Roam 1.0 0
AC~Central 1.0 0
ESH o} 1.0
Ht. Aux. 0 1.0
Misc. 0 0
. Based on Reference 52.
-54-
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8. DISCUSSION QF INPUT DATA AND ASSUMPTIONS

The model, as described in Sections 3 through 7, simulates
electricity demand at the point of consumption. It is a tool
for mapping a set of input data (defining histeoric experilence,
equipment ownership growth, technoleogy shifts, fuel switching,
etc.) onto a set of cutput results (system and end-use energy
requirement forecasts, peak levels, etc.). This section
describes the data utilized and assumptions made in generating
the high case and low case forecasts. It is worth reemphasizing
that the uncertainty bands in input parameters are intended
to represent the plausible range of business-as-usual futures.
Other cases, such as a conservation scenario forecast based
on, say, the impacts of a State commitment to demand-reducing
policies and alternative technology implementation, are
considered in Volume II of this report.

The computer program that ESRG has developed to implement
the model allows for flexibility in the choice of both inputs
and outputs. The data explication below is intended to
correspond closely to the model descriptions given earlier.
With cross-referencing to the discussion of the mathematical
structure of the appropriate submodel, this should allew the
reader to fully understand the basis for the forecasts reported
in Section 1. The base year, which serves as the departure
point for forecasting, is 1977 throughout the study since
this was the most recent year of experienced sales breakdowns
available from PECO.

8.1 Residential Sector

Here we shall concentrate on the data inputs used to
drive the residential forecast model described in Section 3:
demographics, saturations, and factors affecting unit usage
levels.

B.l.1 Demographics

Base year and projected Statewide population data was
avallable from four sources: Refs. 7, 18, 21, and 22. Both
high and low cases use the Pennsylvania Office of State
Planning and Development {(OSPD) state population data, a
middle-range forecast relative to others available (see
Table 8.1). Note that the independent population projection
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produced by the federal government sources show smaller

growth rates than does that of the OSPD for the state as
It is thus deemed a reasonably optimistic basis
for both statewide population forecasts and for the five

& whole.

county region served,

service area growth rates,
for substate commercial flcoorspace growth allocation and

to drive the hospital and health sector floorspace growth
(Sec., 4.2.2 and Table 4.2).
see below,

in the main,

Additicnally, as we shall
the population forecasts are utilized in

by PECQO.
it will be recalled,

State andg

are used

developing residential customer growth estimates.

Base year residential customer estimates are from

Company sources {Refs. 19,
included residential customers on master metered rates in

the residential category though the Company reports such

sales as commercial.

20) .

We have consistently

In generating customer growth rates,

the OSPD five county growth rates need to be combined with

trends in the population per household which has been
Por example,

decreasing gradually since 1950.
average has decreased from 3.14 persons per household in

1970 to 2.86 in 1977.
delphia are 3.21 and 2.91, respectively.

of course, somewhat uncertain.

the U.S.

The corresponding values for Phila-

Future trends are,

For example,

PECO has

assumed values of persons per household phased to 2.71 by
1290 (Ref. 19, p. 44). For that year,
values of 2.55 in the high case based on Census projections

{guoted in Ref.
23,

on Ref.

we have assumed

19) and the 2.75 for the low case based

Had we used the PECO assumption, our bhase

residential forecast would be decreased somewhat.

803a

TABLE 8.1
COMPARISON OF FQUR FORECAST SOURCES CN POPULATION
Ratio Ratio .
1985 2000 Gr.Rate Gr.Rate | Publ.
Area Source Ref.] 1975 1975 to B85 to 2000 | Date
Penn. | Census Series II-aA} 22 |1.019 1.051 | .19% .20%| | March,
Census Series II-B 1.014 1.039 | ~.14% .15%} 1979
5 Coun—[O.S.P.D. 18 11.020 1.043 .20% .17% | June,
ties State Gov. Office 1978
Penn. 1.031 1.067 .31% +.2H%
Penn. BEA 7 11.014 1.04 .14% +.156% | 1977
5 Coun-| PECO 19 - 1.086 - +.33% Dec.,
tjjles 1978
..66_
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The other required demographic input is the breakdown
of total households into single family and multifamily units
which, it may be remembered, is used to track differential
use patterns in a number of the end-use submodels. It is
commonly assumed that the relative demand for multifamily
units shouléd increase over time due to assumed decreases
in family size and the increasing fraction of total popula-
tion that is elderly and/or single. In the 1970-1%77 period,
approximately 50% of the new construction were multifamily
units. We have assumed a continuation of that breakdown in

" the high case and an increase to 55% in the low case. The

base year breakdown reflects the inclusion of the single
point metered apartments (131,400 for 1977 from Ref. 1§,
p. 175-6). Table 8.2 summarizes the high and low case
residential customer projections.

TABLE 8.2
RESIDENTIAL CUSTOMER PROJECTIONS (10% CUSTOMERS)
Base 1980 1985 1990 1995
Year Low High Low High Low High Low High
Single Family | .961 .975 .985 .998 1.027|1.020 1.069(1.025 1.07¢
L44C

Multifamily . 331 .342 .355 .361 . 397 .379 .440] .384-

8.1.2 Appliance Saturations

Appliance saturation assumptions are summarized in Table 8.3.
The symbols in parentheses give the nomenclature used in
Equation 3.5 for the saturation logistics curve. The end-uses
not included in the table have predetermined saturation values:
lighting andmiscellanecus are each fixed at one, while heating -
auxiliary saturation is defined as one minus the electric
space heat saturation.

Appliance saturation data, both in the base year and in
earlier years, was given in the PECO Forecast document
{Ref. 19). Estimations of terminal saturations also were
referenced against PECO saturation estimates. Feor the appliances,
the growth indices ("A") are computed by fitting the logistic
curve (Sec. 3.2) to historical saturation data. Guidance in
estimating the termihal saturation levels was derived from
econometric relationships between appliance saturation and
price/income variables. Specifically, saturation growths to
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the year 2000 were calculated using the eéonometric relation-
ships given in Refs. 32 and 33, driven by the following annual
growth rates: .

High Case
Low Case

Income

1.5%
. 5%

Electricity
Price

0il Pri

Natural
ce Gas Price

4%
2%

4%
2.5%

In all cases, the terminal saturations employed exceed these
estimates.

TABLE

APPLIANCE SATURATION ASSUMPTIONS

8 High Case Low Case
ase Year
Appliance Sat{"8BY") | Terminal Growth Growth
Sat ("STERM")} Parameter| Sat("STERM") Parameter
- (IIAII} (I‘AII)
Refrig (SF) 1.20 1.20 0 1.20 0
(MF) 1.04 1.04 Q 1.04 6]
Freezer (SF) .28 .50 .169 .28 0
. (MF) .09 .15 .157 .09 0
Range .38 .50 .07 .38 G
TV (SF) 2.00 2.20 .118 2.00 0
TV (MF) 1.20 1.20 0 1.20 0
Cl. Dryer .35 .60 .086 .45 .134
Cl. Washer .80 . .85 124 . 80 0
Dishwasher .35 .80 . 069 60 .090
Water Heat .13 - - - -
AC/room .918 1.20 .014 1.00 .036
AC/cen. (SF) .152 .40 .140 .25 .184
(MF) .152 .40 . 140 .25 .184
ESH(SF) .023 - - - -
(MF) .098 -~ - - _

Increases in the number of electric space heat and water
heating customers were formulated in terms of penetration rates

in Secs.

3.3.7 and 3.3.9,

respectively.

The penetration rates

are modeled to increase linearlv from initial year to 1990

values using the data bhelow.
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High Case Low Case
1978 - 1990 1978 1990
Single family . .50 .65 .30 .30
Multifamily .70 .65 .60 .30

Historic penetration rates have been dependent on a
complex mix of factors: construction practices, gas curtailment
policy, economic promotion, etc. From 1970 to 1973, penetration
rates in the PECO service area fluctuated, ranging from .13
to .34, then increased rapidly to over .50 in the gas curtailment
years of 1974 and 1975. Given the recent rebound of the gas
market, bans on new master metered units, and the continuing
economic inferiority of electric heating, our assumption of
continued high electric space heat penetration may be a source
of forecast overestimation.

8.1.3 Unit Electricity Usage

The demographic and saturation computations generate the
number of units by end-use. There remains the description of
input data to drive the electricity usage - "per unit submodels
{(the "C" in Egquation 3.1). Average unit usage for the base
yvear is given in Table 8.4 along with the efficiency improvements
assumed in the forecast runs. The latter reguire some clarifying
comments:

' The efficiency improvements are at FEA target levels
(Reference 34). These targets may well be exceeded
in the forecast period; the Secretary of Energy is
mandated, under the National Energy Ceonservation
Policy Act, (Title IV, 8422) to "prescribe standards
which achieve the maximum improvement in energy
efficiency which the Secretary determines is
technologically feasible and economically justified"
{Reference 35). On this criterien, improvements cof
52% versus the FEA-targeted 28% are possible for refrigerators
{Reference 36), 33% versus 15% for electric water
heaters (Reference 37}, and so on.

o The achievement date in the FEA program is 1980.
The forecasts assume 1981 and 1985 for the low and high
cases, respectively.

) Improvements in the energy requiremerts of hot water
heaters have also been included at FEA-targeted levels
{3.7% for clothes washers, 17% for dishwashers, with
1381 and 1985 phase-in dates for the low and high
cases, respectively). Though such increased thermal
efficiencies do not affect electrical consumption,
they will impact indirectly on electric hot water
requirements (see Section 3.3.7).
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rorecast Unit

Base Year Average Efficiency
Appliance Annual Unit Usaget | Improvement’t
Kwh Percent
Refrigerators* 1704 28
Freezers* 1372 22
Ranges 700 3
Televisions (B&W) }ﬁso 23
Televisions (Color) “ 13
Clothes Dryers 993 4
Clothes Washers 103 0
Dish Washers 363 20
Water .Heaters 5160 15
Room a/C 293 22
Central A/C 2187 17
Space Heaters 11560 6]
Heating Auxiliaries 419 0
Lighting 700 (see text)

* Weighted over frost-free and standard units
+ Source: References 17, 19, 31, 38, 39 and Text.
+7 Source: Reference 34 and text. Efficiency Improvement
defined as percent energy reduction in this study.

o Energy reductions for televisions are not assumed to
be as large as the government targets; the forecasts
assume 29% and 13% for black~and-white and color models,
respectively, while the corresponding FEA levels are
52% and 28%. The improvements are due to a phase-out
of tube-type models in favor of sclid state models.
current usage levels are approximately (Reference 38}):

Black-and-white Color
Tube 220 kwh/unit 528
S0lid state 100 320
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We have assumed the 1977 units at five-eighths of the
1972 to 1980 improvement which works out to 367 kwh/unit
and 141 kwh/unit for the base year vintage of color and
black-and-white types, respectively. The efficiency
improvements are then computed to allow for ultimate
switch-over to 100% solid state.

° The base year averages in Table 8.4 are averages over
all housing types. For certain end-uses, consumption
levels for single family and multifamily homes should
be adjusted to capture the effects of variations in
the size of the living space and the number of
inhabitants. The averages were disaggregated over
housing types based on the following typical S8F to MF
unit use relationships: 4 to 3 for refrigerators,
freezers and water heaters, and 2 to 1 for central
air conditioning and space heat.

8.1.4 Thermal Integrity Impacts

The building envelope characteristics of single family and
multifamily dwelling units determine the final demand for
three temperature sensitive end-uses: electric space heating,
air-conditioning, and electrically driven auxiliaries associated
with non-electric (e.g. ©il and gas) heating. This final
demand is to be distinguished from the electricity demand which
of course would embody other efficiency factors associated with
the conversion devices themselves {(e.g. A/C COP, heat pump
COP, etc.) and which are treated separately and additively by
the model.

Prototypical savings levels for single and multifamily units
{(broken down by new and retrofit markets) are defined in Volume II,
Sec. 3.2. The Base Scenario embodies thermal integrity improvements
associated with "business-as-usual" trends. ©No retrofit of
existing electrically heated homes is assumed. On the other
hand, there is substantial potential for improvement due to
retrofit of existing non-electrically heated hemes to higher
levels of thermal integrity. The Base Scenario assumes that
a cumulative penetration of 25 percent of the retrofit market at
the prototypical levels will occur over twenty yedrs. Given the
rapidly rising costs of home heating oil this is a modest assumption.
The high case assumes 40 percent achieved by 1998 and the low case
assumes 10 percent is achieved by 1998. The penetration of the
retrofit market is assumed to grow linearly starting at zero in
the base year.
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The full discussion of the estimated existing thermal inte-~
grity levels and improvements appears in Volume II of this
report, in which the Base Scenario and Conservation Scenario’
are compared. The improvements entail increased levels of
insulation, weatherstripping, and storm windows and doors,
the details of which are presented in Volume II along with
associated reductions in heating and cooling loads for proto-
typical dwelling units to which the measures are applied.

At this point we can summarize the Base Scenario average
thermal integrity improvements which are expressed relative
to the average existing energy loads.

Heating Auxiliaries

Electrically driven auxiliaries (fans, pumps, motors,
blowers) associated with home heating systems are assumed to
use electrical energy in rough proportion to the total heating
demand. Thus improvements resulting in a 20 percent reduction
in final demand met by an oil heating system would also result
in a 20 percent reducticon in electrical energy consumed by
heating auxiliaries. The results of the Base Scenario estimates
presented in Volume II are reproduced here,

HEATING AUXILIARIES

(TIMP)
High Low
Single Multi Single Multi
Familvy Family Family Family
Retrofit .02 .02 .08 .08
New .20 .20 .20 .20

where TIMP is the fraction reduction in final demand relative
to existing usage. TIMP for new units is the improvement in-
all new units relative to the average existing units. TIMP
for retrofit units is the average improvement .in 1998 relative
to the average existing units, assuming 10 percent and 40
percent cumulative penetration in the High and Low cases
respectively. These are phased in linearly from zerc over

the twenty years. Thus, the Base Scenario entails average
unit savings of 120 KWH and 60 KWH for all new single family
and multifamilv units relative to average existing usage. The
Base Scenario assumes that no more than these levels are
achieved, even in the low case, for new units. Given the rapidlvy
rising costs of home heating this can be considered to be a
conservative assumption.
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Air-Conditioning

The Base Scenario assumes that savings calculated for the
prototypical units described in Volume II of this report will
apply on a fractional basis to all service-area specific air-
conditioning loads. The levels of thermal integrity are applied
with the same penetration assumptions as described for heating
auxiliaries. The table below summarizes the results presented
in Volume II.

HEATING AUXILIARIES

(TIMP)
High Low
Single Multi Single Multi
Family Family Family Family
Retrofit 0 0 .05 .05
New .10 15 .10 , .15

Electric Space Heating

A detailed description of the average existing building shell
characteristics and usage are described in Volume II of this
report. Average annual requirements for electric space heating
are in the neighborhood of 16000 KWH for single family units
and 8300 KWH for multifamily units. The estimated 5 percent
lower usage for new units would results in savings of about 80C
KWH and 415 respectively for single family and multifamily
units. The 5 percent fiqure is used in the high case while 10
percent improvements in new homes versus the base year mix of
electrically heated homes is assumed in the low case.

8.1.5 Additional Data Reguirements

The basic model structure utilizes base year and fore-
cast counts of residential customers, saturations of the
various end-uses and usage per unit to derive sectoral energy
demand. However, there are a number of additional factors
peculiar to each appliltance type which influence usage and thus
overall demand. The following provides a brief discussion
of each of these factors, by end-use.
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Refrigerators and Preezers

The refrigerator/freezer submocdel (Sec. 3.3.1) requires
input data on average annual usage for new units in the base
vear and for old units {(defined as units which come on line
one average appliance lifetime prior to the base year). This
was necessary to account for the phenomenon of increasing
unit usage cover time which implies that retired units will,
in the first part of the forecast period, reguire less energy
than their replacement. Also, efficiency improvements need
to be incorporated from new unit--not average--stock levels
to aveoid underestimating energy demand growth,

For refrigerators, we need an estimate of unit usage for
the 1962 vintage. According to Ref. 36, the average size for
1962 was .38M°% which, at 40x10%° joules/dayM® for average
frost-free refrigerator usage for .that year, implies 1540 KWH/
vear for frost-free units. Frost-free sales in 1962 were 27%
of the total. Removing the frost-free feature decreases energy
consumption by about 29% (Ref. 40, p. 15). Combining we have
for the 1962 vintage units:

Refrigerator UNOLD = 1540 x .27 + 1540 x .73 x (1-.29) =
1215 KWH/unit/year

Similarly, for the 1961 freezer vintage, based on data in
Ref. 19, average size was about 14ft’, usage was at .33 KWH/ft?/
day and .20 KWH/ft?/day for frost-free and non-frost-free units,
respectively, and about 30% of freezer sales were frost-free.
Combining, we have:

Freezer UNOLD = 1220 KWH/unit/year

Average unit usage for new units is based on shipment
data. Mean capacities and annual energy reguirements across
size and models are (Reference 41):

Mean Capacity (ft3) Energy Use (KWH/vear)

Refrigerators 16.67 1510
Freezers 16.48 1300

Electric Range

The electric range submodel (Section 3.3.2) requires input
date to simulate the effects of microwave oven penetration. There
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are two issues: what fraction have microwaves and what is the
effect of those that do on energy use? The latter is sitraight-
forward; field studies (Reference 42) indicate that electric
ranges with microwave ovens require 84% of the electric energy
which would otherwise be consumed. The energy demand factor
("EDF") in Table 3.3 is thus set at 0.84 in the forecasts.

For PECO service territory, the Company analysis of microwave
penetration in Reference 19 was in agreement with other
utilities' projections and their data was incorporated into the
forecast model.

Lighting

There are a number of reasons to suspect that lighting energy
demands decrease: smaller family size, trend in housing mix
toward smaller units, conservation induced by increasing prices,
more efficient flourescent bulbs and new lighting technology.
Furthermore, the new energy legislation allows the Secretary
of Energy to develop efficiency standards for end-uses consuming
more than 150 kwh per year per household, a criterion which
includes lighting.

In the high case, we have made the cautious assumption
that none of these demand decrementing factors significantly
impacts lighting levels. In the low case, we have included
the possibility of market penetration of screw-in fluorescent
bulbs. These bulbs are 70% more efficient than incandescent
bulbs. Cost-benefit analysis indicates that 22% of the
residential market is currently capturable bv the new bulb
(Reference 46). In the low case, it is thus assumed that
penetratlon levels reach 25% by the end of Lhe forecast periocd.
That is, in the low case, "MF" in Table 3.4 is phased llnearly
from zerc in the base year to .25 in 1997 while "RELEFF" is phased
linearly from 0 to .30 sc that the overall effect phases gquadratically
to a 7.5% reduction after twenty vears.

Televisions

The television submodel (Section 3.3.4) requires two
additional items of data. The first is a use factor for
redundant sets ("DUF" in Table 3.5). This refers to the ratio
of energy consumption of second and third sets to the primary
set. Estimates in the literature vary widely. The forecasts
incorporate a typical range (Reference 44) of 80% in the high
case and 25% in the low case. The second item is the mix
between black-and-white and color of future television sales.
The market fraction of black-and-white television sales histeorically
was ({(Reference 45):

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
.51 .49 .47 .48 .44 .49 .43 .43 W43 .403
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Based upon PECO data, Reference 19, the model runs use .55 for the
base vear fraction of black-and-white sets. Regression against
time on the above data leads to a wvalue of .20 in 1997. Con-
sequently, the forecast spans this value by assuming the fraction
black-and-white goes to 40% in the low case and phases to zero

by 1997 in the high case.

Water Heater

In addition to the inputs already discussed, the electric
water heater submodel (section 3.3.7) requires some additional
data inputs. The first characterizes the change in home hot water
requirements for end uses cother than dishwashers and clothes
washers. {These are discussed above.) This factor ("HWREOT"
in Table 3.9) could reflect, for example, the effects of slow flow
shower devices, which could save, according to manufacturers'
estimates, about 75% of the thermal energy in hot water. Assuming
a similar potential in other faucets, reductions in "other" hot
water demand would be .75 times the ultimate market fraction.

The latter is taken as zero in the high case and 8% in the low case
after 1981.

The other inputs concern the range of likely impact of solar
hot water devices. To gain an heuristic understanding of the pos-
sibilities, consider the following penetration analysis. First
define payback (in years) by:

BB, = Cx(1-TT)x(1-D) */ExFxPx (141) ©
where
PB = payback
C = first cost
TI = tax incentive
D = cost deflation
E = kilowatthour demand
F = fraction served by solar
P = electric price
I = electric price increase
t = year
Substituting a realistic range of values:
c m®m o & E B I
nhigh $2500 .2 .01 4000 .5 .05 .01
low $1500 .3 .02 4000 .5 .05 .02
we have
PB-1977 PB-1997
.High 19 years 12.8
Low 10 4.5
_‘76_
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Based on 30% penetration at payback of seven years {Reference 47)
and zero penetration at twenty year payback, the above assumptions
lead to:

Penetration
1977 1997
high 0 .17
low .18 .53

on average penetrations over the forecast pericd of about 8% and
35% for the two cases. To be cautious, the forecasts have been
based on zerc penetration of solar hot water in the high case
and penetration phased linearly from zerc in the base year to
20% in 1997 in the low case.

Electric Space Heat

There are three elements in the submodel (Section 3.3.9)
that need to be specified relating to solar heating, heat pump
penetration, and heat pump coefficients of performance. These
will be discussed in turn.

L ] In estimating the penetrationof sclar assist technology,
we first calculate a range of possible paybacks. The
methodology is analogous to the computation of solar hot
water paybacks described earlier. Here, we substitute
first costs ranging from $6,000 to $8,000, real cost
deflation at 3% in the low case after Reference 50
These lead to penetration estimates defined here as the
fraction of the additional electric space heat units
that come on-line in 1997 with the solar assist feature
at approximately 25% in the low demand case and 5% in
the high demand case. 1In the forecasts, we have used
more pessimistic assumptions to allow for possible
institutional impediments and errors in the range of
input parameters. These are:

High Case Zero solar space heating in the
forecast period

Low Case Zero solar space heating to 1985.
Penetrations increase linearly from
zero to 25% and 5% in 1997 for
single family and multifamily units,
respectively.

» Heat pumps have been capturing an increasing fracticn
of the electric space heat market. The fundamental reason
is that heat pump-assisted electric space heat appears

to have superior economics to resistance heating. Some
rough estimates of relative costs are contained in
Table 8.5.
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TABLE 8.5

RELATIVE ECONOMICS OF ALTERNATIVE HEATING AND COQLING SYSTEMS

First Cost* Capital+ Heating Fuel™™ Total
Electric
Resistance $1300 $140 $550 $690
Natural Gas 2200 . 240 210 450
Electric Heat Pump 2350 320 275 585
Electric Resistancsl
with A/C 3050 330 550 880
Gas with A/C 3950 430 210 640

* Northeast estimates for single family units in 1979.
dollars (References 8, 24, 43)
+ Assumed financed at 9 percent over twenty years
++ Fuel costs based on 5¢/KWH electricity, 11,000 KWH per
household, gas boiler efficiency at 0.7, heat pump COP =
2, and comparable insulation levels in new homes

The figures indicate that gas heating is the most cost-
effective option considering heating costs alone, though
heat pump costs are also lower than resistance electric costs.
However, if one compares heat pump carrying costs to resistance
and gas with air-conditioning (since this is the equivalent
commodity, remembering that heat pumps are vear-round devices},
it appears that heat pumps are competitive with gas heating and
superior to resistance heating. Consequently, it is assumed
that the rapid increase in saturation of electric heating is
assoclated with increasing fractions of new electrically heated
homes which use heat pumps. Table 8.6 below provides the
assumptions of fractions of new homes with heat pumps, for the base
year and for terminal saturations. These estimates tend to be
based upon PECO-prcvided data and discussion, as well as the
considerations outlined above. It is assumed that, in each case,
growth in heat pump penetration will peak bv 1990.
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" TABLE 8.6

HEAT PUMP FRACTION OF ESH PENETRATION IN PECO SERVICE TERRITORY

Tnitial Fraction Terminal Fraction
Low High
Ssingle family .788 .788 1.00
Multifamily .0863 .50 1.00

The fraction of existing ESH customers with heat pumps is set,
using Company provided information, at .55 and 0 for single and
multifamily units, respectively. '

» Heat pump coefficient of performance (COP) is defined
as the ratio of kwh heating output to kwh' electric input
(for operating the compressor and fans). Data on unitary
air-to-air heat pumps is taken from a recent evaluation
performed at Argonne National Laboratory (Reference 51)
for typical models. COP varies both with size and
outdoor temperature. The model requires average and low
temperature values in order to estimate average CQOP over -
the heating season in forecasting energy, and the lower
COP cperating at the lower temperatures of the winter
peak. We have assumed capacities of approximately three
tons and fifteen tons for the residential and commercial
sectors, respectively.

Performance data is summarized in terms of a "nominal"”
COP given at Air Conditioning and Refrigeration
Institute's test standards* and an adjustment factor
for outdoor temperature. The adjustment factor is
parameterized as follows:
Y=A+B+T+C+T?

where

A,B, and C are coefficients o

T is outdoor temperature in "F ‘

Y is perfentage of nominal COP at temperature T.

Table 8.7 summarizes the data.

*470F. outdoor dry-bulb, 43°r. outdoor wet-bulp and 70°F. indoor
dry-bulb temperature.
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TABLE 8.7
HEAT PUMP PERFORMANCE DATA

Nominal COP| Temperature Range (°F) A B C
Residential 2.4 -1057i20 61.6 1.26 |-0.030 ,
+2037370 44.66 | 1.855 |-0.0147
Commercial 2.7 -1031i20 56.75 | 0.875 | 0.0075
+2057570 65.32 [ 0.531 | 0.0043

For the forecast region,

characteristics is summarized in Table B8.8.

-80~
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TABLE 8.8
COP TEMPERATURE VARIATION CALCULATION

Indices

m Month (m=1 to 12)

1 Locality

s Sector (l=residential; 2Zcommercial)}

Variables

Ag,Bs,Cg Coefficients (see Table 8.35)

STNDRDg Nominal COP (see Table 8.35)

TEMPLy - Mean monthly temperature, month '"m'", locality "1"
TEMP, Mean monthly temperature, month "m" in forecast area
LOTEME Low temperature in locality "1i"

LOTEMP Low temperature in forecast area

POPy Population in locality "1"

DAYp Number of days in month "m"

m_1r

HDD Heating degree days in month "m

PCCEPMS,E Percent of nominal COP in sector "s', month "m"
PCCOPAg Percent of nominal COP - average

PCCOPLg Percent of nominal COP - low

COPAg Average COP in sector "s"

COPLg Low COP in sector "s"

Equations

TEMP, = (iTEMPLm,l X POPy) / (iPOPl)

i, = {(85 - TEMP,) X DAY

2
PCCOPMg . = Ag + B "TEMP, + C° TEMP

PCCOPA, = (IHDDy x PCCOPMg p) / ZHDDg ,
o ™

LOTEMP = (LLOTEMLy X POPl) / EPOPl
1

1

i 2
PCCOPL, = AS + BS'LOTEMP + C  +LOTEMP ~

1}

COPAg = PCCOPA, x STMDRD, / 100

COPLg = PCCOPL, x STNDRDg / 100

(8.

(8.

(8.

(8

(8.
(8.

(8.

1)

.23

3}

4)

.4)

6)

7)
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TABLE 8.10

COMMERCIAL FLOORSPACE

Commercial Category 1975 Floorspace (10°%ft?)
1. F.I.R.E. 20.686
2. Federal Government 11.413
3. State, Local Government 31.043
4. Professional Services 9.028
5. Wholesale & Retail 151.880
6. Trucking, Warehousing 51.982
7. Other Transportation : 15.454
8. Communications 3.745
9. Lodging, Personal Services 13.082
10. Business & Repalr Services 29.8686
11. Amusement, Recreation 30.868
12, Railrecad 2.201
13. Health Services 58.00%9
14. Schools, Education 95.363

The total of 524.6 million sguare feet is compatible with
the Company estimate for 1978 of 543 million sgquare feet (Ref. 26).

8.2.2 Floorspace Growth Indices

As indicated in Section 4.2.2, employment growth is used
as the proxy for floorspace growth for the first twelve commercial
categories. The growth factors used in the forecast are summarized
below in Table 8.11. The low case is based on 0SPD's Pennsvylvania
forecasts of employees by commercial category {(Reference 18).
Additionally, we have

employees = (employees/earnings) x earnings

Earnings projections for Pennsylvania were derived from BEA (Reference
7). Estimates of employees-to-earnings were developed by regressing
on historic data on employees and earnings for the 1963-1976 period.
It was found that for each of the commercial categories, using a

2% annual rate of increase (for consistency with residential high

case economic assumptions) of employee earnings consistently gives
higher forecasts than the historic trends. Consequently, it was
judged that this rate of increase leads to a satisfactory upper

bound on employment growth.
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TABLE 8.11

EMPLOYMENT GROWTH INDICES

Commercial Category |Emp. 1985:Emp. 1975! Emp. 2000+Emp. 18975

High Case]| Low Case | High Case | Low Case
. F.I.R.E. 1.371 1.162 1.609 1.434
2. TFed. Government 1.092 1.008 1.085 .993
3. Stateglocal Gov.| 1 518 1.154 1.986 1.350
4. Prof. Services 1.510 1.126 1.995 1.354
5. .Retail 1.205 1.061 1.214 1.126
6. Truck & Ware,. 1.403 1.154 1.561 1.376
7. Other Trans. 1.083 .895 . 895 .725
8. Communications 1.463 1.080 1,951 1.242
9. Lodging&Pers.Ser)| .947 1.051 . 736 .986
10. Bus.&Repair Ser.| 1.652 1.282 2.067 1.785
1ll. Amuse.&Recrea. 1.063 1.097 1.022 : 1.227
12. Railrecad .828 .817 .572 ' .580

Hospital floorspace growth is equated with population growth
forecasts discussed in the demographic subsection. School flecorspace
growth is eguated with growth in school age population from
Reference 18,

8.2.3 1975 Electric Intensities

Electric intensity estimates are required to initialize the
commercial sector energy growth iteration as described in Section
4.3.1 and Table 4.4. PECO experienced 1975 commercial energy
(Reference 19} and 1975 floorspage data were used to develop an
overall energy intensity (KWH/Ft“/YEAR). Then intensities
appropriate to building type and end-use were developed by
prorating Northeast electric use coefficients from Reference 8
{as guoted in Reference 6), with weather sensitive usage scaled,
as appropriate, by heating and cooling degree days. Weighted
values for the latter are 5018 and 1028, respectively, for PECO
service territory counties from Reference 52. The resulting
coefficients are shown in Table 8.12 for both the existing 1975
stock and prototypical .new floorspace.
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For the PECO service area, five localities were used to
compute the mean monthly temperature. This temperature was used
in Egquation 8.3 (which is a rewrite of the eguation above in
model code) to define percentage of nominal COP on a monthly,
sectoral and service area basis. Mean monthly temperature data
is taken from Reference 52. The coefficients are from Table 8.7.
These monthly values are in turn weighted by monthly heating
degree days (a measure of monthly usage) to arrive at the annual
percentage of nominal COP (Equation 8.4). The heating degree
days are computed by subtragting the gverage monthly temperatures
(when they are less than 65 F) from 65 F and multiplying by the
number of days in the month (Equation 8.2). The low temperature
is construed as the average temperature on the day of the winter
peak. Finally, average and low COP's are computed in Equations
8.6 and 8.7.

The results are as follows:

Heat Pump COP's

Average Low
Residential 2.248 1.763
Commercial 2.507 1.886

As with other appliances, efficiency improvements are
anticipated for heat pumps. The forecasts assume improvements
of 4% and 15% by 1987 for the high and low cases, respectively.

Miscellaneous Usage

There are a number of structural factors contributing to the
moderation of the historic growth in miscellaneous appliance
usage:

decreasing population per household

approach to market saturation

increased efficiencies

price-induced conservation

substitutional effects (e.g., small kitchen appliances
precluding use of others)

Consequently, the use per customer has been essentially
constant--or slightly decreasing over the past five years in many
utility service territories. The present forecast is nonetheless
conservative, assuming for the high case a 100% increase in miscel-
laneous use per customer during the forecast period while assuming
ne increase in the low case.
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8.1. Appliance Lifetimes

Actual appliance lifetimes have been used rather than the
commonly-employed United States Department of Agriculture
figures for average year of appliance possession by the first

ownerxr.
TABLE 8.9
APPLIANCE LIFETIMES IN YEARS

Appliance Lifetime
Refrigerator 20

pom e . we.|..Freezer 24.9 e
Range 16.9
Lighting NA
Television 14.7
Clothes Dryer 15.3
Clothes Washer 12.3
Dish Washer 13.5
Water Heater 10
Room A/C 11
Central A/C 11
Space Heat NA
Heating Auxiliary NA
Miscellaneous Na

NA = not applicable
Source: Reference 53

8.2 Commercial Sector

The discussion below of commercial forecast input assumptions
parallels the model description in Section 4.

8.2.1 1975 Floorspace

Initial estimates of the 1975 PECO service territory commercial
floorspace is needed as input to the floorspace submodel which
is summarized in Table 4.2. The computational methodology is
explained in Section 4.2.1. The results are given below:
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TABLE 8.12

COMMERCIAL ELECTRIC USE COEFFICIENTS ({KWH/YEAR/FT?)

Building Existing New

Type Htg. Cooling Lt&Power Aux. Htg. Cooling Lt&Power Aux.
Office 5.6 5.6 4.8 3.6 8.0 3.9 4.8 3.0
Retail 2.6 6.3 12.4 4.4 4.0 4.3 12.4 4.0
Hospital | 6.1 7.2 12.0 6.4 9.9 3.3 12.0 6.0
Schools 5.1 9.2 5.2 3.0 7.3 3.3 5.2 2.4
Other 2.9 6.3 . 6.8 4.4 4.4 2.4 6.8 4.0

Very little source data exists on commercial saturations.
Electric space heat saturations appear to be similar to residential
space heat saturation levels (Refs.19, 26,31) and the base year
values were assumed to be comparable in the forecast. Additionally,
Reference 6 provides regional estimates of commercial heating and
cooling saturations which are used here as a cross check.

8.2.4 Future Intensities

The methodology for incorporating future adjustments to
electric intensities is described in Section 4.3.2. Penetration
of the conservation levels has been computed in Reference & for the
northeast based on cost optimization analysis of commercial invest-
ments in equipment and building shell modification; fuel cost
annual average escalations of 1.3%, 2.1% and 3.8% for electricity,
oil and natural gas, respectively, to 2000 and National Energy
Act incentives. The penetration levels derived from this analysis
are displayed below in Table 8.13 for the years 1985 and 2000.
Consult Table 4.4 for definitions. Note that separate penetration
matrices are developed for the electric space heat end-use. These
are fractions of flocorspace at these conservation levels; the

remainder, when the sum is less than one, have no conservation above
base year levels.
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TAELE'

B.13

CONSERVATION LEVEL PENETRATICON FRACTIONS

Electric Space Heat Other End-Uses
Existing New Existing New
Year [Building rype|Level 1 2 3 1 2 3 1 2 3 1 P 3
Office 1 R T B B B e T
Retail - - -- | -- .92 .08 -- .99 --[.40 .60 --
1985 |Hospitals ~-- -~ =--11.90 .10 --| -- - --].41 .5% --
Schools -— - - 1 - =—=1.99 - --11 -— -=
Other -— -—  -- 1 —_— == == —= =] 1 _ ==
Office -- 1 -- - 1 -—j -- -- 1 -- .89 .11
Retail -= 1 - - -1 - 1 -] - == 1]
2000 |Hospitals -— 1 -- - 1 -—-} -- 1 - -- 1 -
Schools 1 -- -—= | .57 .43 =--1.22 -~ .78|.44 .56 --
Other - -— - 1 - --|.78 --= --[.90 .10 --

The relationship between the levels and lcad saved is given

in Table 4.5.

The fractional penetrations contained in Table .13

were used-directly in the low case forecast since they depend on the
For

assumption of investment according to economic optimization.
it was assumed that such an optimization does not

the high case,

occur and half the fractional penetrations of Table 8.13 were employed.

Growth in electric space heat saturation is based on & range
of market penetrations for both the new building and retrofit markets.
Specifically, electric space heat is assumed to capture 30% of the

space heat markets in the low case and 50% for the high case.

These same penetrations are used for the existing stock where the
size of the ESH retrofit market is based on a thirty year lifetime

for existing equipment.

in Table 8.14.

COMMERCIAL SECTOR ELECTRIC SPACE HEAT SATURATICNS

TAERLE 8.

14

Building Year
Case Vintage Basge 2000
High Existing 4% 30%
New 50% 50%
Low Existing i3 20%
New 30% 30%

-87-
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The use of heat pumps is expected to increase over the
forecast period (see analogous discussion for residential
sector). The Company, for example, assumes that 70% of new small
commercial and industrial space heat customers will install heat
pumps by 1988. The high and low forecasts incorporate such
increases for the new commercial space heating customers,
Specifically, heat pump usage as a fraction of new heating usage
is phased linearly from zero in 1975 to 50% and 100% by 1985 for
the high and low cases, respectively. Heat pump COP assumptions
and analyses for the commercial sector will be found in Sec. 8.1.5.

Air Conditioning saturation of commercial floorspace for
1975 was taken at .66 based on the data for small commercial
and industrial customers {(Ref. 19, P. 237). This figure was cross-
checked by matching calculated summer weather-sensitive commercial
sector consumption to experienced seasonal sales. In the low
case, it has been assumed that existing unit saturations will
stay constant while saturation in new commercial structures
will increase by from .66 to .80 due to HP penetrations. In
the high case, both new and existing units are assumed to
experience an increase, with 80% of existing uniFs having
cooling by the year 2000 and 100% of new commercial units
having A/C by that year.

The use of heat pumps is expected to incresse over the
forecast period. The high and low cases assume, respectively,
values phased linearly up to 50 percent and 100% heat pump of
ESH usage by 1985 for new commercial floorspace. Heat pump
COP assumptions and analyses for the commercial sector will be
found in 8.1. {See, especially, Table B8.8).

8.3 Industrial Sector

The industrial sector model is described in Section 5. bata
reguirements are of three kinds: base year experience, production
growth, and electric intensity. These are discussed below
sequentially.

8§.3.1 Base Year Experience

Total base year industrial sales was 8085.1 Gwh (10°KWH)
with the fractional breakdown by two-digit SIC given below
(Refs. 19 and 26).

-88-~
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TABLE 8.15
INDUSTRIAL SALES MIX
SIC Fraction of Sales
20 .081
22 .015
23 .007
24 002
25 .001
26 .069
27 .024
28 127
29 .148
30 .054
31 .001
32 .022
33 .213
34 . 040
35 .045
36 .053
37 .041
38 .013
Misc. .044

8.3.2 Production Growth

The model requires growth estimates of "State Production
Indices" as indicated-in Table 5.3, Equation 5.4. The mechanism
for weighting National Production Indices to the State level is
described in Table 5.2. That methodology, with National Production

Index forecasts
Reference 7, is
assumptions are
levels relative
selected years.

from Reference 14 and earnings projections from
used to establish production growths. These growth
summarized in Table B8.16 which gives production

to the base year (base year = 1) for two

-89-
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TABLE 8.1l6

STATE INDUSTRIAL GROWTH BY STANDARD INDUSTRIAL CLASSIFICATICN

SIC SPI 1985 SPI 2000
SPT 1977 SPI 1977
20 .96 1.58
22 1.01 1.02
23 1.13 1.27
24 1.14 1.25
25 1.28 1.60
26 1.32 1.60
27 1.26 1.64
28 1.39 1.99
29 1.12 1.05
30 1.59 2.36
31 1.03 .95
32 1.13 1.22
33 1.36 1.62
34 . © 1,24 1.52
35 1.31 1.67
36 1.40 1.83
37 1.32 1.66
38 1.50 1.94
39 (+ mining) 1.57 1.95

8.3.3 Electric Energy Intensity

Industrial electric intensity is defined as the average
consumption of electricity per unit of physical output by two-
digit manufacturing SIC. Changes in electrical intensity are
incorporated in the energy forecast. (See Table 5.3, Equation
5.4.)

We begin by investigating the historic trend in the electrical
intensities for the State of Pennsylvania. Linear regression is used
to develop time trends for the 1963-1976 period. The computation
is summarized in Table 8.17. The historic production index is
derived from national production index data (Reference 13) and
state-to-national earnings ratios {Reference 7) as discussed
in Section 5.3 {(Equation 8.8). The intensities are then formed
as the ratio of total electrical energy consumption (purchased
and self-generated) from Reference 12, and state production indices
for each histgric year and SIC (Equation 8.9}.

=90~
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The time axis is then shifted so that the resultant intercept

is automatically based on the base year = 1

1 This

{Equation 8.10).

assures consistency with the convention adopted in the model, thus

allowing for direct input of the
the main program. The number of
(Equation 8.11). Finally, after
tions, the slopes and intercepts

regression analysis results into
historic years is allowed to vary
defining some intermediate summa-
are computed.

TABLE 8.17
ELECTRICAL INTENSITY RECRESSION ANALYSIS

Indices
BY Base year
i Industrial grouping by two-digit SIC (j=1 to 19}
r labels historic year (r=1! to N)
Variables
YR1, Historic year (calendar)
¥R Historic year (scale shifted to BY=1)
START First historic year used in regressicn
END Lastc historic year used in regression
N Number of nistoric years in regression
SPIHr 3 State Production Index for historiec year “r', SIC "j"
NPIHr’j National Production Index for historic year "r', SIC "j"
SNERT:j Stite-to-national earnings ratio for year "r', SIC "i", in %
SEI. ; Electric intensiczy ia yvear "r', SIC "j"

’J mwean

BI; Intercept ,SIC"]
SLOPET Slape , SIC "j"

SPROS " State process energy in year "¢, SIC "j"
Equations
SPTH, j = WPTHr j * SNER. 5 / 100 (8.8)
SEI.,j = SPROSH. ; / SPIH,_ (8.9)
YR, = YRl, - BY + 1 (8.10)
N = END -~ START + 1 (3.11)

N N N N N ,
SLOPEI; = (¥ X ILYR,*SEIHp j - [ZYR.] x ISEI_ j) / (¥ x I¥R.F - [ ZVR.]) (8.12)
=] r=1 r=1 r=1 r=1
N N

BRI, = . - SLO , X R h 8.13

I; = ( ISEI, ; - SLOPEI EYRr) /N ( )

r=1 r=1
SEIj = BI; + SLOPEI, X {e-1) (8.14)
_91_
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In addition to the state-specific trends in electric
energy intensity, we have also investigated the trend on a
national basis. These two trends formed the basis for esti-
mating the time behavior of electric energy intensity. Speci-
fically, the forecasts reflect the choice which maximizes
or minimizes growth for the high and low forecasts, respectively.
The specific choice, given in the terminoleogy of Table 8.17,
is given below in Table 8.18.

TABLE 8.18

STATE ENERGY INTENSITY INDEX

High Case Low Case
s1c -
20 1.2 0.9
22 1.3 0.9
23 1.4 0.9
24 1.9 0.9
25 1.2 c.9
26 1.0 0.9
27 1.3 0.9
28 0.7 0.8
29 1.0 0.9
30 0.% 0.9
31 1.6 0.9
32 1.0 1.0
33 1.2 1.0
34 1.2 0.9
35 1.0 0.9
36 1.0 0.8
37 1.1 1.1
38 1.7 0.9
39 0.6 0.9

8.3.4 Fraction Self-Generated

Recent studies have indicated that a sharp increase in
industrial cogeneration is likely with or without government
interaction. The primary reason 1s the escalating costs of
electricity. To estimate the range of likely effects, we
assume, in the high case, that base year levels (References
19, 26) do not change. For the low case, we assume historic State

levels (Reference 12) re-achieved by 1985, or the lowest level
1985 potential for the Northeast given in Ref. 27 for SICs 26,

28, and 29 (steam turbines, no government action) achieved
by the vear 2000 or the potential cogeneration levels
found by the Pennsylvania Electric Association and

g3~
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provided in Reference 26, whichever is hicher. The input data
assumptions for fraction self-generated (SGEN in Table 5.3)
are shown in Table 8.19.

TABLE 8.19

FRACTION SELF-GENERATED BY TWO-DIGIT SIC

8.4

) 1985

BASE HIGH LOW
SIC YEAR CASE CASE
20 .071 .071 .099
22 0 0 .021
23 0 0 .004
24 .343 .343 .343
25 0 0 .019
26 .201 .201 . 466
28 .047 .047 .223

29 .303 .303 .54
30 0 0 .063
31 0 0 171
32 0 0 .101
33 131 131 .266
34 0 0 .002
35 0 0 .005
36 0 0 .081
37 154 154 .154
38 0 0 .007
39 0 0 .004

Other Energy Requirements

Sales to customers other than those in the three major
service sectors are discussed in Section 6. Base year energy
sales to the "other" category for PECO are 1182 Gigawatthours
{References 19, 26). This represents about 4% of total
company sales. PECO forecasts of other energy sales (Reference
19) are accepted in the ESRG model. The other required input
datum is line losses and the own-use of electric utility
company. This enters the program as a fraction of total sales.
{See Table 6.1 and discussion.) This 1is derived as 6% from output
and sales data contained in Reference 28 .
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8.5 Peak Power

The peak power computations are suwmmarized in Section 7.
Careful scrutiny of Table 7.1 will reveal that this part of the
model is driven by outputs from the other submodels with the
exception of two kinds of data: (1) characterization of base
year peak and (2) forecasts of load management impact. These
will be discussed in turn.

There are three items of load data required for the
state: winter peak, summer peak and "base peak". In the base
year 1977, the winter peak of 4519 MW was given by PECO (Refer-
ence 26) and the corrected summer peak of 5580 MW was drawn from
Reference 19.

The base peak is defined in Section 7 as the non-weather
sensitive portion of the peak. PECO gives this figure as
3763 MW for 1977 (Reference 19). This figure closely c¢ross-
checked the ESRG analysis of the relationship between monthly
peaks (Reference 26) and mean temperature on the peak day
(Reference 30} as follows:

Peakm = Base Peak + AX(65~Tm)

where
month (exclusive of summer months, June-September)
Peak peak load
Tm mean temperature
Base Peak, A = regression ccefficients

m

The base peak, consistent with its definition, is defined by the
absence of heating degree days on the monthly peak day. A fit
was obtained resulting in a base peak value of 3757 megawatts.

The final data requirements concern the possible impact of
load management in -the forecast period. In particular, the
possibility of some load shifting is included as indicated in
Table 7.1. Section 7 provides a discussion of the underlying
load management mechanisms modelled to shift peak demand. 1In
?he residential sector, time-of-use rates are expected to
lnfluenge the patterns of time-flexible appliances. In the
cgmmerc1al sector, thermal storage is anticipated to influence
Flme—of—use. Residential storage, commercial use shift, and
industrial load management have not been assumed to have any impact
during the forecast period, possibly a conservative input in
terms of peak shaving. Forecast assumptions are summarized in
Table 8.20 below.
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TABLE 8.20
LOAD MANAGEMENT
Case Year Impact Year 1990
Impact Res. Res. Comm. Comm.
Begins Use Thermal Use Thermal
Ind.| shift*| Stcrage| Shift**| Storage
High [2000+ 0 0% 0 0 2%
Low 1983 0 25% 0 10% 5%

* FPOPRB in Table 7.1
** FOPCWS in Table 7.1

Finally,

in driving peak demand and establishing base
controlled water heaters

and weather-sensitive load factors,

must be removed as indicated in Sec. 7.
water heaters which are controlled in the base year is given in
This is assumed to decrease to

Ref. 19 as

-60.

The

fraction of electric

.47 by 1990

consistent with Company assumptions of no additons in the

number of controlled heaters.

Unit usage of controlled heaters

is taken at 2/3 the unit usage from uncontrolled heaters based
Should the number of controlled

on Company load analysis.
water heaters not remain constant,
course, be adjusted downward.

-g5-
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0.

A.

What 1s the purpose of your additional testimony?

Mr. Hoch has, in his additional testimony, p}ovided a discussion
of the differences between the forecasts and forecasting methods
of the Philadelphia Electric Company {("PECC") and énergy Svstems
Research Group, Inc. ("ESRG"). Unfortunately, his discussion

is marred by a number of errors concerning the operation of ESRG
models. Additionally I will comment on differences in approach
and output for the two forecasts.

Before beginning your specific comments, do vou have any general
remarks that you wish to make?

Yes, I do. I should like to peint out that, in my view, Mr.
Hoch's additional testimony is most interesting for what it

omits rather than for what it contains. 1In my original testimony
T indicated a number of areas of difficulty in the PECO forecast.
These included the base case forecast for the commercial sector
and the treatment of what I have terméd miscellaneous residential
consumption. In the former I pointed out that disaggregating

the Eloorspace data used in the PECO base case commercial forecast
rather than using gross cverall estimates for this extremely
heterogenecus sector reduces the érowth in commercial square
footage substantially. On p. 16-17 of my testimony, I recalculated
the PECO commercial forecast using PECO data assumptions, but
substituting the disaggregated growth information supplied by
Wharton Associqtes to the Companvy for the aggregate data relied
upon by PECO. This procedure reduced the original PECO forecast

for 1988 from 12,320 GWH to 10,754 CWH. This correction accounts
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for over 50% of the difference between the PECO and ESRG forecasts

for the commercial sector. It also points up the major difference

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

hetween the two forecasts at a methodological level: ESRG
disaggregates'its commercial forecast; PECO doesn't. Mr. Hoch
has made no mention of this aspect of my testimony. The situationﬁ
is similar with respect to "miscellaneous" usage. On p. 10-13
of my testimony, I presented detailed criticism of the company
forécast for six separate areas of miscellaneous usage. Nohe

of these areas were addressed by Mr. Hoch in the course of his
testimony. As in the discussion of the commercial sector, the
issue here is separable from any discussion of the ESRG forecast.
From the PECO residential forecast (Exhibit {WCH-1)}, p. 159) one
sees that between 1978 and 1988} growth in déhumidifiers,
supplementary heat, "Transportation," and "Other appliances”
accounts for 25% of the total residential growth. I have argued,
based in large part on information supplied by PECO, that this
growth is unlikely to take place. This portion of my testimony
is simply not discussed by Mr. Hoch. To be fair, I should note
that he does touch in the area of cooking appliances. Here, -
however, it is clear from the context that he is discussing the
ESRG forecast for electric ranges and not miscellaneous usage.

In the remainder of this testimony, I will deal with the
major points raised by Mr. Hoch concerning the ESRG forecast.
However, it should not be overlooked that, in the absence of any
alternative forecast, my testimony shows that the PECO forecast

is likely to greatly overstate future long-term load growth.
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Based upon my review of Mr. Hoch's additional testimony I remain
convinced that the ESRG base case forecast remains the most
accuréte guide to probable -future load growth.
Please begin your discussion of Mr. Hoch's comments concerning
the commercial sector forecast prepared by ESRG,
The commercial sector represents the area of greatest difference
between the PECO and ESRG forecasts. PECCO staff visited the
ESRG offices in Boston to examine the ESRG model and were permitted
to make runs using the model. However, despite this experience
and existence of detailed documentation presented in Exhibit
- (Js~4) and made available at the ESRG offices, certain
confusions on the parﬁ of PECO staff seem to have occurred.
These are reflected in Mr. Hoch's testimony.'

Mr. Hoch states oh p. 11 that "The fundamental error that
ESRG méde ‘in applying their model to the PECO area is that they
have not particularized the base data employved in the model
to the PECO area..." Three examples of this "fundamental
efror" are cited by Mr. Hoch: analysis of economic activity,
specifically employment; analysis of hospital floor space; and
analysis of school floor space. However, qply in the first case
does Mr. Hoch actually deal with the issue of local vs. state-
wide data use.

The use of employment in the ESRG commercial forecast is
described in equation 4.1, p. 43 of Exhibit __ (JS-4). This

equation defines the growth rates for 12 of the 14 "commercial
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categories" in the floor space section of the ESRG model. Notice
that the employment growth factor described on p. 43 as statewide-
employees is adjusted by the ratio of utility (PECO) to
state population. Equation 4.1 shows that Mr. Hoch is simpiy
wrong concerning operation of the ESRG commercial forecasting
model. The first step in the operation of the ESRG model is to
adjust statewide employment estimates to reflect local conditions
through the introduction of local population.data.
Is there other evidence of PECO's failure to correctly deal with
the ESRG commercial forecasting model?
Yes, there is. The entire discussion of "backcasting" shows
a failure to understand the ESRG approach in commercial fore-
casting. On p. 10 Mr. Hoch states that “ESRG has neglected to
align its model to other historic data available to them,
specifically 1975, 1976, 1978, and 1979 (commercial sales)."
Thig remark suggests that it is Mr. Hoch's belizf that the ESRG
model is designed to reproduce the historic sales for these
yéars as accurately as possible. This is simply wrong. The
ESRG commercial forecasting model is neither a trend nor an
econometric model. The structurai relations in the model are
desigyned on the basis of an engineering and economic analysis
of commercial consumption. The structural relations are not
developed by fitting historic data as is the case in trending
or econometric mcdels.

There is a simple reason why the ESRG model does not proceed

via the trending or econometric approach. In our view electrical
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1 consumption, particularly in the commercial sector, is undergoing

a historic shift. Rather than attempting to capture the recent

3 gyrations in demand, we have designed a model which will we

4 feel capture emerging long term trends. The ESRG model is.not
5 designed to produce output for years ealier than 1977 and, in

6 my opinion, it is totally incorrect from a logical point of view
7 to attempt to produce such output. Of course PECO is free to

§ produce whatever they wish; however, as the auther of the model,
9 I cannot attach any significance to the results.

10 Q. Please discuss the ESRG and PECO commercial forecasts in light
11 of the 1975-1979 historic experience.

12 A. As shown in Mr. Hoch's Figure C-1, commercial sales have grown

13 at 2.2% per vear betweeﬁ 1975 and 1979. From 1979 to 1988,

1 PECO projects an increase in growth to 3.7% per year while

15 ESRG shows a fall to .2%_per year. I find neither of these

16 forecasts to be "in line“-ﬁith the historic record.

17 Again, from Figuré C-1, I find that in 1978 the growth was

18 above that forecast by ESRG but below that forecast by PECOC.

19 In 1979 it appears that growth will follow the pattern forecast

20 by ESRG. ‘

21 In my view the important question is how and to what extent

27 future usage patterns will differ from past and current experience.
23 Here Mr. Hoch has expressed his view quite clearly.. On p. 14

24 he argues that high levels of commercial construction will continue
25 and that the recent level of consumption in new buildings

26 (34 KWH per sg. ft) will continue. I would dispute both assumptions.
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Given the current economic situation, including tight money
and the long-term prospect of substantial levels of inflation,
I am not convinced that Mr. Hoch's views concerning new
construction will be borne out. On the issue of the intensity
of usage I would simply note again that the 34 KWH per sg. ft.
figure is far above historic usage, not to mention what is
currently feasible. Given the increasing stress on conservation
I simply cannot accept the view that this unnecessarily high
level of consumption will continue. One of the major strengths
of the ESRG model is its detailed analysis of the inteﬁsity of
consumption. Nothing in Mr. Hoch's testimony would lead me to
doubt this analysis. .

Finally I would like to touch upon an aspect of the ESRG
model which Mr. Hoch has not mentioned. The ESRG model is, by
design, a long-range model. It is formulated to pick up such
thinés as retirements of existing commercial space, retrofit
of existing space, as well as the addition of future space at
improved efficiencies. &All of these effects will, in the long
run, move to offset any spurt in current growth. Thus in the
long run, through and bheyond 1988, to 2000, the final year of.
the ESRG forecast, the ESRG feorecast will I believe provide
an accurate guide to the probable pattern of commercial load
growth. The importance of a long-run perspective 1is pointed
up by Mr.- Hoch's comments on the consumption of schobls, shown
in the last figure in his testimony. His data shows falling

school age population together with sales growing rapidly to
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1973, then fiuctuating along a modest upward trend. Contrary
to ﬁr. Hoch's view, I find'the falling off of growth in 1973-79
consistent with my assertion that in the long run school
consumption will fpllow the number of people in school. While
we are on the subject of this figqure, I would point out that

there is no ESRG sales projection for 1975 or 1%76. Further,

since the ESRG forecast is normalized to 1977 sales, it is
implausible that anything concocted by PECO from ESRG data would
match 1975 sales exactly as shown in this figure. A similar
comment applies to the preceding figure in Mr. Hoch's testimony
showing data on health services. These represent simple mis-
applications of our model.

Plé;;e discuss the ESRG and PECO residential forecasts, beginning
with population..

It is clear that ESRG and PECO have very similar population
forecasts. The only real question is how these minor differences
could impact the two forecasts. Mr. Hoch points out correctly
that both forecasts begin with the same estimates of population,
broken down in the same way between houses and apartments. These
are shown on p. 176 of Exhibit __ (WCH-2) and p. 67 of Exhibit
____(Js-4). In the ESRG forecasts there are different assumptions

on both the growth in the number of customers and the mix of

‘'new customers between houses and apartments. The only end-use

which would show significant effects of these assumptions would
be electric space heating. Here the different assumption of

growth and housing mix, together with different penetration and
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usage assumptions lead to the differences between the ESRG

and PECO forecasts of residential electric space heating. Mr.
Hoch is correct in observing that in my original analysis of
the PECO forecast, the number of residential customers they
assume for 1988 were overstated. All this indicates is that
the differences between the two forecasts are a bit more subtle
than first expected. Mr. Hoch's discussion of differences in
the forecast of residential customers is largely irrelevant

in explaining the difference in the two residential forecasts
which use such similar methodological approaches.

What are the differences between the ESRG and PECO forecasts
for res}dential electric spaée heating?

As one might expect, beyond the effects of growth in the total
number of customers, there are differences in assumptions
concerning the degree of penetration and unit consumption.

In the case of the ESRG forecast, I believe these assumptions
are clearly stated in Exhibifs __ (JS-4) and ___(JS-5). Mr.
Hoch's fallacious statements to the contrary can only confuse
the record in this case. Mr. Hoch also observes that some of the
ESRG data concerning the number and performance of heat pumps
in the base year do not agree with company data. As Mr. Hoch
alsc observes, changes in these two variableslwould increase
the ESRG base year estimates of electric space heating consumption.
Mr. Hoch. neglects to point out that these differences would not
alter the ESRG forecast of growth in electric space heating.

In sum, on those points related to the growth in electric space,
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the differences are primarily in the area of housing mix,
penetration, and future usaée.' On these points I continue to
support my original position.

Please discuss the.differences between the two residential
forecasts which are due to the differences in assumptions
concerning the saturation growth for refrigerators and freezers.
Here the difference is quite clear. ESRG assumes, for all the
reasons cited in my testimony, inclvding Exhibit ___  (JS-4), that
growth in saturation will level off; PECO assumes it will continue
to grow. These are assumptions concerning long-term trends. I
should begin by pointing out that the company has stated that

ﬁo definitive data is available on the trend in second refrigerator
ownership (Exhibit ___ (WCH 1), p. 75) and that it has no survey
data on multiple ownership in new apartment dwellings (Response

to Question LF.58). The data presented by Mr. Hoch in his
testimony is interesting but far from convincing. There are a
largeuhumber of reasons why one might believe that the iong—term
trend in growth in multiple ownership has peaked. To declining
family size and apparent shift to apartments, one might add the
increasing price of electricity, increased consumer consciousness

concerning energy consumption, to name just two. As a statement

-of long-term trend I still find the ESRG assumptions conservative.

Please discuss the differences in the forecasts in the area
of "miscellaneous" consumption.
As I observed earlier, Mr. Hoch chose not to discuss my criticism

of the company forecast in this area. Instead he has chosen
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to raise a few technical points concerning the ESRG forecast.
Here I merely want to clear up those points.

For the base year I find that there is some uncertainty
in the distribution of residential consumption. This can be
traced ultimately to uncertainty concerning the use of the
second televisions which many PECO customers own. This

uncertainty effects my estimate of miscellaneous consumption

for 1977. I £find nothing odd or confusing in this situation.
It is clearly described in my Exhibit (Js-4). There is,
'however, a typographical error in Exhibit {J5-4}. In

my high case I assume 50% growth in miscellaneous usage by 1994,
not 100% as stated on p. 82 of Exhibit __  (JS-4). A review of
my comments concerning the PECO forecast will, I think, show that
this estimate is generous. ’
Please comment on Mr. Hoch's discussion of the diffe£ence in

the industrial forecasts.

I agree w%th Mr. Hoch in his statement that the difference in

the forecasts is due to different treatments of cogeneration.
However, his characterization of the ESRG forecast is inaccurate.
We used thfee, not two, sources in considering future levels of
cogeneration. Also the levels in the Thermo-Electron study which
we used did not assume any new federal incentives, despite the |
suggestion by Mr. Hoch. Further, as I pointed out ddring my
cross—-examination, we at ESRG have had direct experience

surveying New York State firms concerning their cogeneration

plans. This confirmed other studies in the literature that

- 10 -
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1 there is currently a renewed interest in cogeneration, one that

will be substantially enhanced should utility rates and practices

3 with regard to in-plant cogeneration come under regulatory review,

4 say in the context of PURPA hearings. Finally, on the issue |
5 of cogeneration and reduced oil consumption, I should point out

6 to Mr. Hoch that in general cogeneration facilities which

7 will tend to diéplace oil-fired electric geneféting capacity is

8 likely to save a good deal of oil, not increase oil usage as

9 suggested.

10 Q. Do you have any final comments on Mr. Hoch's testimony?

.11 A. Yes, just one. In his opening statement on p. 1 of his

.5?12? éi testimony, Mr. Hoch states that "the ESRG base forecast growth
;13 3 “ sale approxim;tes that projected for the PECO low-range fofecast."
14 This presumably means that the ESRG forecast is an approximate
15 lower limit to what PECO now feels might come to pass. With this
16 in mind I suggest tbat one might profitably examine Figure 1.1
17 in Exhibit __ (JS-4). For the reader's convenience I have
18 reproduced this figure at the end of this testimony. The figure
19 shows the results of PECO forecasts since 1973. Given the
20 historic record, I find the lower edge of the current PECO
Zi forecast range a relatively comfortable position.-
22
23
24
25
26

- 11 -
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Stutz-cross ‘ 2804

CROSS EXAMINATION
BY MR. HALL:

@ Dr. Stutz, ﬁm I correct that your graduate
and undergraduate degrees including‘your Deoctorate are in
the fleid of mathematies?

A _That's correct.

2 And I bellieve you refer to various teaching
pqsitions which you have held, 1s that not correct? |

A That 1s correct.

g And are those also principally in the fleld of
mathematics?

) A It varies with the institutlon. At MIT I was
an 1hstructof in the Mathematics Department. At the State
University at Albany, I Joined in the Mathematics Department,
but after the first year, I joined an interdisciplinary
program within the University where I taught a range of
courses Including mathematics and eccnomics.

At Fordham, my format was In the Math Department.
Part of my teaching dutles were with a joint directorship
with an undergraduate program Iln mathematics and economics.
That is as precise a description as I can glve you.
2 In those joint programs,‘;ere you the

Mathematics Department's representative?

A In the Fordham program, I was. In the

interdisciplinary program where I taught for four years,
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we didn't divide interdisciplinary lines. I taught a

range of courses, some of which were strictly mathematics,
others of which were sﬁraight economics and one was research
methods, which was a comblined course.

Q Am I correct that you have no degrees in
economics or in the field of engineering?

A That is corréct.

Q During ﬁhe study whilch you prepared and which
has been submltted as your testimony and accompanyling
exhibits in this proceeding, did you visit the Philadelphia
Electric Company's Service territory for the purpose of
collecting any data for a use in that study?

A No, I did not. | “

Q Have you conducted any surveys of PECO
customers in connectlon with the preparation of your testimony_J
" for this proceeding?

A No, I have not,

Q Doctor, you have employed an econometric model
in your forecasts, have you not?

A No, I have not.

Q You have not. Could you describe to me what
you have employed? -

A Yes. It varies, depending upon the area I am
forecasting in - - excuse me. I have a slight cold. 1In the

residential and commerclal area, I have employed an end use
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analysls, sometimes called an engineering end use model.
In the commercial area, 1t.-1s somewhat less'disaggregated
thén the residential area; But both would be accurately
described in that way.

In the industrial area, I have employed a
rather complicated trending analysis, including an adjustment
for the presence of co-generation. Econometric models make

' thelr appearance in my forecast principally through ﬁhe
determination of input data items such as terminal saturations
in the residential area.

q Doctor, referring to page 6 of your testimony,
you there indicate that for the forecast years 1988, there is,
in your opinion, different households forecasted in the
ESRG fo;ecast which is your forecast and the PECO.forecast.
Is that not correct?

A ‘ Yes.

Q Can you quantify for me, Doctor, the extent of
the difference in the two forecasts' kilowatt hour total for
that year being 1988, as the result of this difference in
households?

A, Difference in households alone?

! Q Yes.

=

‘Without any other effects?

Q Without any other effects.
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A No, I cannot do that.

Q What other effects must you consider in making
such an analysls?

A I would have to consider the residential
energy saturations and the residential end use consumptions.

Q@ Would you then be giving me merely a difference
between your residential forecast and the company's residentlal
forecast?

A That would be what I could supply you with
right now.

g How would you go abouf caiculating the difference
as a result of solely the household portion of the item?

A I am not sure I could do that, exactly,
for this reason. We don't forecast exactly the same mix of
end uses in the same way. If I could matcﬁ end use by end
use exactly, the assumptions in the two forecasts, then I
could get just the effect of households. But my understanding
i1s that that wouldn't be exactly possible because of this
difference in methodology.

Q Doctor, would you refer me to the source of
your statement that the company's 1988 household oprojection
1s 1.475 million households as you state on line 6 of
page 67

A I would have to look for the exact values.

Q Before we do that, Doctor, am I correct that
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developed on your own?

Stutz-cross 2808

as indicated In the'first paragraph on page 6, it 1s your
view that this difference Iin the measurements of households
between your number whicﬁ is 1.426 million and that of the
company which is 1.475 million is a major cause of the

resulting ] .
differences in the : 4% forecasts of your forecast and that
of the company?

A It is, according to my analysls, of some
importance, because of the effect 1t has on the penetratilon
of space heating. The assumptlions on penetration, as I
explained, are somewhat similar but because of the difference
in populationlgrowyh, you get more space heating customers
in ab§olute numbers in the company forecast and therefore,-
higher consumption for that reason.

‘"I can't point to a number for the company.
What I was loocking for was the numbers from which this was
assembled. As you know, we include the single point metered
customers in with our residential and we have tried to provide
the comparable figure when referring to the company.

Q@ So in essence, this 1.475 would be an extrapolatiocn

of a company number as well as a number that you would have

A No. My recollection, and that was what I was
trying to find, that the 1.475 was developed from a number of
company references.

§ Doctor, could I refer you to page 178 of
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Exhibit WCH-1?
MR. SEGAL: What page was that?
MR. HALL: Page 178.
THE WITNESS: Yes.
BY MR. HALL:
Q@ Looking at the 1988 line ~ -
A Yes.
Q - - on that page, would you read to me the
average dwelllng unlts which is stated there?
A 2., - - excuse me. 1431.1.
4  And would you read for me the number that is
stated right below that for the year 19937
A 1475.4,
Q Would you agree with me, Doctor, that the
1475 matches that which 1s stated 1n your testimony?
A They are numerically the same. I don't belleve
there's any connection between the two, however.
Q What do you use.depicted in the average
dwelling unit shown on this page for 1988, Doctor?
A Again, this would requlre going back and
looking for some notes which 1s what I was dolng before.
I belleve these numbers are to correspond with the customers
that are served under the residentlal rates. So I belleve
to get from the 1431, you would have to add in those other

apartments. Now, what I was looking before was at my
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demographlecs folder to see if I have those calculations
with me so I can say exactly what we did do.
MR. BURGRAFF: We can supply the calculation.
MR. HALL: Would you do that, Doctor?
Suﬁply a calcuiation which indicates the basis of the 1.475
million househdolds "figure whieh you show for 19887 Now,
Doctor, in addition, if you would look at page 176 - -
does Your Honor have this exhibit, by the way?
THE ADMINISTRATIVE LAW JUDGE: Not before me.
{The document was handed to the Administrative
Law Judge)
BY MR. HALL:
Q Doctor, if you will note on that page, 1n the
upper half of that page, there 1s listed December 31, 1988,
total dwelling units all. Which column 18 the total of the
indlcated column for R, EM, both indlividually metered and
single point metered under GS, PD and HT?
A, Yes.
Q That number is what, Doctor?
A 1436600.
4} >And would you agree wlth me that that is
well below 1.475 and 1s indeed for the same period and
includes single polnt metered apartments?
A Yes, 1t 13 below 1t.

Q Assumling that what you have just agreed to is
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30, Doctor, would you agree with me that the difference in
househcld projections is not a major cause or even a cause
of any significant difference between the forecasts?

A As I have sald to you, I am not at this moment
able to reproduce that number which I have on page 6, and
30 untll]l I can look at that number, I don't think I can answer
that question,

When you are asking me to make an assumptilon
that I would revise that number in the way that you have
suggested from those two pages aéd all I can say to you 1s
that untlil I have a chance to provide you with an explanation
as to how I got that number, I am not in a position to say
what I would do upon revising.

q I take it, Doctor, you have studled Exhibit
WCH~1 and are familiar with 1ts contents?

A That 1s correct.

Q And I take 1t you are also familiar with
Phlladelphia Electrlc Company's rate schedules, are you hot?

A Yes, I certalnly am.

@ You are familiar with the fact that there are
single point metered customers in GS, PD and HT, is that
'not correct?

A That is correct.

Q The other rates with the company has under
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which residential customers would be served are rates R, RH
and RM, is that not correct?

A That's certéinly true.

Qe S0 1f you are adding dwelling units which
reflect the dwelling units on all of these rates, would you
not in fact have a ﬁumber which i1s consistent or which
should be the same as the number which you state on page 67

A I certainly follow your logic. All I can
say 1s t;at until I can review ﬁow I got that number, I am
not 1n a position to go any further with yo&, other than to
agree with what you have said.

Q Now, another difference in the two residential
forecasts, and perhaps before we go further, we should
clarify one thing. Doctor, your forecast 1s made up of
four parts, 1s'it nqt? The first is a residentizl forecast
for residential customers?

A ﬁight.

Q The second is a commercial forecast for
commercial customers?

A Yes.

& The third i1s an industrial forecast for
1ndustrial customers and the fourth is a transposition of
the results of the prior three which are stated in annual

kilowatt hour terms to a peak KW basis for use in generating
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plant planning, is that not correct?

A Well, it 1s certainly true that those are the
four parts. Its use, I think, is Dr. Shakow's testimony.

Q I would agree with that, Dr. Stutz. I dildn't
wish to mislead you 1n any way.

A Okay. Right.

Q Now, ancocther difference in your residentilal
forecast versus that of the company which you identify at
page 6 1s in the percentage breakdown of new residential
construction between single family and multi-fémily units,
1s that not correct?

A Yes.

18] Could you describe for me what a single family
unilt 1s, Doctor? :

A Yes. I don't know exactiy what you are lookling
for. Single family unit is basically a single detached
house. A multi-family unit would be an apartment.

4] And I take 1t that 1s the way you have used them
in your study?

A Now that I have to check,. there's a townhouse
category that I have to check on the disposifion of. For
example, I belleve that we put the townhouseg in with the
single families, but I just again, this doesn't seem to be

my day for having the right notes with me. I do not.
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Q I'm sorry. Doctor, I missed your statement.

A i am saving I am not able to find the note on
which I noted how we dealt with the townhouses.

Q@ Don't you know 1if they would be single family
or multi-family? _ - 7

A I can check and get back to you.

Q Can you make a rough guess at this point?

,,A_ I bellieve they would be in the single family,
but I would have to check 1t to be sure.

Q Now, would you agree with me, Dr. Stutz, that
on average, multi-family units, residential units. consume
less electricity than single family units?

A Yes.,

Q .Now, referring you to page 67 of Exhibit JS-4,
would you agree with me that in 1990, the ESRG forecast,
your forecast, assumes that 28.2 percent of all residential
dwelling units in Philadelphla Electric Company's system are
multi-family units?

A I will have to check the percentage. You said

19902

o

Yes, I diqd.
A Yes, That's roughly correct.
Q Now, referring you to page 176 of Exhibit WCH-1,

would you further agree wlth me that in the PECO residential

forecast at 1988, there are approximately 28 percent of the
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total residential dwelling units which are mult:-famlly

units?

Q

176%
Yes.
Yes. Approximately.

Would you then agree, Doctor, that the difference

between or the split between multi-family and single family

units in the two forecasts 1s, again, not a significant

cause of difference between the two forecasts?

A

Q

I would agree with that.

Doctor, does your forecast includeé either in

its kllowatt hour numbers or its customer numbers the customers

of Philadelphia Electric Company system on Conewingo Power

Company?
A

Q

A

I belleve it does.
Do you believe it does?

I belleve it does. Walt a minute. Let me

think about that for a second. All right. I willlet that

stand.
q
A
q
us?
A
Q

You believe it does?
I bellsve 1t does.

Do you care to check on that and get back to

Okay. I will.

Doctor, referring to Exhibit JS-4, page 66 - -
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A Yes.

Q - - I note that you have there failed to
compute the growth rate for the PECO population growth
forecast for the period 1975 to 1985. Do you have that
graowth rate available to you—a£ this ¢ime?

A 'No, I don't.

Q Now, do you recall that it was your testimony

at page 6 that the PECO population growth rate as compared
toc the forecasts of the census in the Pennsylvania Office
of Staté Planning and Development, which you have used,
the latter source - -

A Yes.

@ -~ - are relatively hlgh, is that correct?

A, ; believe so, yes.

G So it 1s your testimony that the PECO growth
rate 1s substantlally higher than that which you have used?
Is that correcﬁ?

A Yes. I think I show that in the growth rates
to 2,000 column.

Q i would like to focus on the growth rate of
1985, Doctor, since that is closer to the rates which we are
setting in this proceeding. Would you turn to page 178 of
Exhilbit WCH-1?

Now, Doctor, shown on that page, in the first

column, is the Philadelphla Electric Company's population
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;i Q Well, Doctor, would you agree with me that on
2 % Page 6, you mentioned three principal factors as being the
3 % difference between your residential forecast and that other
4’& company, that is factors being a difference in the forecast
Sﬁ oé households? E
6%% A A difference in the split between multi-family %
7% and single family households and the company's higher popufétibn
Sﬁ growth projection., That is correct. 3
9R Q And according to the figures we haVe been .

j discussing, at least as they g0 out to 1975, none of those are’

11| so? . o ]

'
1

Lo A I disagree. I think we have just demonstrated E
i 1
i’;ithat the. forecast is higher for 1985, I think with regard l

14+ ito the others, there is some differemnce. It is not a great E

15ﬁdeal of difference, but I don't think even the figures we i

N’§Were discussing earlier which I have tc check on, suggest it
l?ﬁa very big difference.

i
i However, I do note that in that one area where

i . . - N
*9ﬁwe come to a conrclusion, it was higher, as I said.

Zoﬁ - Q Three per cent higher?
211 A Yes, for 1985.
34? Q Doctor, in your treatment of electric space

33;Peating. how have you forecast the conversion of existing

| :
34¢F1ectric customers who are existing non-heating customers

25 Who chose to become electric heating customers in the future.
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i A I believe that is included in the forecast.
;:; Q , Could you refer me to the location?
A Yes, that is what 1 am doing now. Yes, if
4 © you would takera lock on Page 35 of JS-4, you will see the
* term penetration defined and above that in the-paragraph,
- it states that the concept of penetration is used in developin;
y;fa nuriber of households and ébove that is penetration includes i
3 ;both new'andrsﬁitch;;. In fact, that was how it ﬁas done.
gii Q How have you represented in your analysis thg
10 Epoteﬁtiality f@r existing electric customers with fossil fuel
11 systems switéhing to electric? What data input have you used ;
12 [l and hqﬁ have you forecast that?
13. A ?he basic information that one has is the
14 | relative prices of the fuels and the equipment and those were

16

L7

is

[

itaken into account in developing the estimate of penetration

i

used in the forecast.

:1

i Q What did you apply the estimate of penetration
ito? '

!

B} 1 .

; A Number of new customers as penetration is
idefined.

5 ' if

i Q Well,/we are talking about applying estimates

of penetration to new customers, how does that account for

., existing customers who will switch?

i A Through the percentage?

ol Q In other words, you have merely arbitrarily
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i of fuels and any increases over time and previous experience

L

o~

; increased it as applied to new customers.

A You don't arbitrarily 4o anything. You do

i increase the percentage of your estimate of those who will

switch.

Q How did You make your sstimate of those who

would switch?

A As I explained it, it is a matter of form used

! based on such factors as the cost of equipment and the cost

i in the service territory.

Q And would you cite for me the source of_the

< i'previous sources in the previous territory that was available

i to you?

A I believe all the information that we gaihered

: from looking at WCH-1 and discussions that we had.

7 'considered in the company's forecast, Dr. Stutz, at Page 1687

K]
fi

W
il
at
1.
-
i

1

M

Q And would such data be available or separately

MR. BURGRAFF: 168 of what?

MR. HALL: Exhibit WCH-1.

THE WITNESS: Yes, that is correct. That
information is considered separately at that point or
presented separately at that poinrt.

BY MR. HALL:

Q Dr. Stutz, at the back of your testimony in

~: Exhibit JS-1, you list a number of proceedings in which you

Stutz-cross 2820
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" have testified! on load forecast matters, is that not corract?
.A ';{35| it 1s.
9] And 3 nurber of those are in Pennsylvania, is

" that not correct?
A { believe only one is in Pennsylvania. The

: previous case involving Philadelphia Electric,

;, Q I see a Duquesne Light Company forthcoming.
gt ‘ . )

A That is forthcoming. It has not taken place.
o ' ,
T Q And am I correct that other members of your

ﬁ firm have testified at other cases in Pennsylvania, however?

11%; A That is correct. One member of our firm has
12E{Etestified in a Penn Power case.
13 ii Q And I take it that was on behalf of the Office
14%§of CénSumer Advocate?
I

15; A That is coTrect.
161 Q Now I notice that you have testified in a number
17§iof Detroit Edison cases, is that not correct?
‘SEE A Two.
14 Q And who did you Tepresent in those cases, Doctor?
}GT A. Michigan Citizens Lobby.

S .Q ., And who are Michigan Citizens Lobby?

: A fhey are a private intervenor group in the

State of Michigan.
- 2 Are theY a censumer greup?

A i don't'know that I would particularly c¢chiracterize
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°° them that way. They are a Citizen Intervenor Group. |
“E% Q Do they generally oppose or support utility
igincreases?
'}; A My only dealings with those particular people

ﬁgfwas in those cases.
" Q Doctor, have you recently represented the

ﬁé Sierra Club in New York proceedings? |
By A The Sierra Club is a coalition of 26 other

<y L
1 groups, yes.

Q Doctor, in these cases that we have been

': " gpeaking about and which you have presented load forecasts;

‘> " have your results generally fallen below that of the utility

* forecasting group?

-

T A Generally, Yes.
b

o Q Doctor, how have you applied your estimates

1+ of thermal integrity?

A Is the question how the estimates of thermal
bs ‘integrity are used?
1”; The modern estimates of thermal integrity are
35?used to decrease the amount of energy used to heat a home or
iigto air-condition it as appropriate.

21 Q Is it a flat percentage that begins in =i

i, first year or a percentage that goes cver time?

+
't

i A Let me just check. Is the question about

4

25ispace heating?
1
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Q Yes,

A }Excuse me. I have to check the computer program.

" fer a second. " The reason-1 have to check this is, we changed -

L g

it recently and I want to answer it exactly as we have done
©it.

- Q 'Fine, Doctor.
. ' A T believe it is a flat percentage, but I would

[

' really have to check that in more detail.

[

Q you believe that is a flat percentage. Does that
j;mean you apply the same flat perceﬁtage from the beginning of

the year one through the entire period?

A As I said, I would 1ik: to check that but

I believe that| is my interpretation.

Q Doctor, referring you to Page 78 of Exhibit JS- 4,

you there state that the fraction of existing ESH, and that

16' . .
imeans electric! space heat, does it not, Doctor?

i A Yes.

: Q The fraction of existing electric space heat

- for customers with heat pumps was set wsing company provided

‘}idata at :55 per cent for single family unit?

A Yes.

Q Now am I correct that that means that in your

‘-analeis You accepted that the company's current residential

“7:heating customers were 55 per cent heat pumped?

A 5% per cent for single family. Zero for multi-
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LE family.
Q Can you explain the source of that company
~i information that led you to that conclusion?
A Again, I believe it is developed from material

< in WCH-1, but since we still have a question as to the

;. disposition of townhouses, perhaps I should give You that in

; . writing along with the information of how we treated townhouses. .

Q It would suit my purposes for you to develop

m:iit, Doctor, now, if vyou can. It would facilitate matters.

A I am afraid I can't develop that number for you

.. " right here, but I will exptain it later on in writing.

Q Thank you, Doctor. Tec eliminate Your suspense,
:7 + 1 will note that the Company's figures do show a different
‘ set of figures.

A You may note that in preparing this forecast,

- I do receive assistance from other members of the firm. I

. ~do supervise it, I can't bring all the work papers with me.

That is the reason for this check and having to go back to

.1 the office to look for the derivations.

Q Doctor, in projecting further population ir the

., companyY's service territory, did you begin first off, Doctor,

‘You have developed, have you not, as the factor to indicate the
growth population, the projection made by the Pennsylvaria
-0ffice of State Planning and Development, is that correct?

A Yes.
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Q And how have you applied that factor? Have you
T gpplied that to the compaiy's ipdlcated population in the

" service territory zt 1$7¢.as shown on Page 78 of Exhibit

T Wei-12
A I believe 50, sir. -
Q Are you certain of that, Doctor?
A I am just checking the notes on population

development in front of me. Yes, I believe that .is how it ’
was done, took their growth rate and applied it to a company

nunber for the past Yyear.

113: Q Looking at Page 66 and 67 of your JS-4, can

a b

13;}you calculate for me the population of your high cast for
i .

121 10887

14 |

ﬁ A I would have to do it by interpolation between
154 1985 and 1990.
16} Q I am sorry, Dr. Stutz, it was 1990 that we would

7félike. It is a calculation of Dr. Stutz total population using

lﬁgéhis assumptior of the population growth and starting point
:Vggfor the year 1690,
| A You want it in high case?
T Q In the high case, Yes.
T A Yas, I have a figure. I get 3,547,350 approxi-

2% nately.
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Q And what would the population be using youti_
low ratio?
A.. Essentlally the same, 3,8&7,250.
Q  Now, for your high forecast, Dr. Stutz,
as indicated én page 66 of your Exhibit JS-U, you hdve
employed a value of 2.55 people per householdg-ha&e you not?i
A That's correct.
Q@ And where héve you obtained th&t value?
A I believe 1t 3ays on the. page. From“census
projections. |
@ And these are census projections by the
Départment of Commerce? -
A Yes.
Q Doctor, I‘havé an excerpﬁ from the Bureau of
Census document from which this material was t;kep that I
would like to hand'ﬁ;'iou. I will show 1£ to your counsel
first. I only have one copy of it at this time. I don't
intend.to introduce ié.
MR. BURGRAFF: Could we have a second so he
can read 1t?
MR. HALL: Sure.
(Pause)
BY MR. HALL:

Q Now, Doctor, you will note at the bottom of

the page there 1is 1isted three numbers of which the 2.55,

VOHARACA B “ARSALL I8C - IT N aaCaviL.ltA wnd
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and you have employed that as one, 1s that not correct?
| a, ‘Yes.

@ And this 1s under -household's.‘e;:'i;as B?

A &es. |

Q@ Now, the number that is the 2.55, that 1s

bracketed by two-other numbers, is it not?

A That 1s correct.

@ ‘What are they?

A The figure above base is 2.69 and below base 1s

2.45,

Q@ Do you agree that that means that the 2.5 as
employed by this Bureau of Census stﬁdy is the mlddle range
or the base forecast?

A 'T can't tell that from this document.

Q What else would you need to tell that?

A I wouléd have to go back'and review what the
definitions of‘the three serles were and what assumptions
they made.

Q ‘Doésn't 1t normally indicate to you, Doctor,
when you have three separate prqjections and one 1s 1in the
middle in terms of numerical quantliy,that that is the

base case forecast?

AT usually‘look and see how the scenarlios are

defined, whiqh is what I would do in this case before answeriég

that questilon.

i

——
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'@ Would you agree with me, Doctor, that you have
used that number as part of your-high case and not your base
case?

A That 1s correct. - That's how I use that number.

Q Now, Doctor, you have forecasted, haveryou not ,
two cases, a high case and a low case, 1s that not correct?

A Yes.

& That 18 both for your commerclal and your
industrial forecast, 1s that not correct?

A No., I don't belleve that is correct.

Q4 Where 1s it incorrect?

A The portion of the projectlon that 1s sensitive
to high and low is the number of nersons per household and
X beiieve that's only relevant in the residential forecast.

Q You have only forecast a high and a low case
in the residential forecgst; is that your testimony?

A I thought the question was concerniﬁg whether
or not fhe population forecasts were reflected ih those
three energy forecasts and what I was trying to convey to
you was they weren't connected to two of them.

Q I understand that, Doctor. The question was
whether you have made a high and low and what is termed a
base forecast in both the resldentlal, the commercial and the

industrial sectors of the company's load?

A That's certainly correct.

73a
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1

21 Is it not true that your base case is simply

the mathematﬁcal average of your high and low case forecasts?
A hat 1s true.

;. In cther words, you have not independently, fo?

. kilowatt hourF that are there shown?

A No. That represents the mlddle. As determfned

i .\
by numerlcal average. '

@ . Now, Doctor, on page 8 of your prepared
statement, you discuss another area of difference between i

your forecasti and that of the company, which is 'in the

' '

forecast wh;cb is made for refrigérator and freezer consumpt%on,
1s that gsrreét?

A That is correct.

0 ! And you there state various séturatipn percentages,
iz that not correct?

A That is correct.

0 ‘Nowﬁ the saturation percentages which you have
stqted for your case Iincludes single point metered apartments,
is that not correct?

A That is correct.

a "And the saturation percentages that you-have E
stated for thé company's case do not, is that not correct? ;

L 'That is correct.

i
A Would yon arree with me, Doetor, that 1f single
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point metered apartments were included in the saturation

percentages stated for the company's case, those percentagesi

would be dedreased?‘- ) _ jf

A No. .I'm nét sure wh& they woulq.

Q.. Would you agree wlth me, Doctor - ~and I
believe you state that somewhere in here - - that apartment
residents generally Have less refrigerators and less
freezers than do single family house Owners? |

A That's correct. But I belleve I state
saturathns separately for single and multiple family
dwellings,

Q And In which of those categoecries do you place
single point metered apartments?

A I put them in multi-family dwellings.

Q Now, on pége 10, Doctor, you refer to
dehumidifiers and your disagreement with the company over
the projgcted load for dehuﬁidifiérs, i1s that not correct?

A Here I am simply - - allow me to step back for
a second. As you know, we do not prepare a separate forecast
for the dehumidifler as an end use. It is ineluded in our
mlscellaneous category. The company does prepare a separate
forecast for the dehumldifier. I was commenting on the |
reasons that the company gave for an lncrease in saturation

for that appliance.

Q@ Would you agree with_me,“Doctor, that

MANRMALY B MARSMai TN LEANCAT R R )
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dehumidifiers constitute approximately: three-quarters of
the percent‘of(ﬁhe 1980 residential load? |
A in the éoméany forecasf?
a . Yes.
A I will accept your calcﬁlétion.
-uQ ' Doctor, how ds yéu forecast misbellqnéoué
. load? First bff, would you define in your-aﬂswer what tﬁat_ﬁ

F 1s, so the Judge and the parties know?

h A Certainly. We attempt to forecast all end i

< . ' . ' i

i uses which.we feel are A, a significant portion: of the load and

| B, we have sufficient data to prepare a separate forecast fon..
| o

I'm speaking of residential end uées, here., Mliscellaneocus ;

t

is a residual category. It 1s seen to contaln all other i

‘usage, that 1si residential usage for which we cannot account{.

direé¢tly and explicitly in our forecast. It 1s developéﬁjin:

the base year as a residual and it 1s forecasted future

¥

years high and!low by applying fixed percentage growth.
g In other words, you don't seek to dlsaggregate !
" the usage of the different types of end uses which would be
in miscellaneous load?
A No.
@ No. But rather you forecast that on an aggregate

baslz, is that' not correct?

A  That is correct. !
i |

. ) |
Q@ How do you determine the percentage which you !

apply to that &otal usage? - §

it ey eTREER L miaer i TRL . ST N L FUTWHLOW IVE - HARRISBLEG ¢l 3T - —
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A We develop a range of percentages reflected
in a high and low case, by reviewing the wide range of
appllances which are presently contained in miscellaneous
categories and which those studies which we are conversant
with and felt will be in a miscellanéoqs category in the
future. And then we attempt to seek, through simple
caleculations, what growth would be like, assuming different
things about peoples' use of those applliances.

This allows us ﬁo devélop a percentage and
it 13 that percentage we apply.

Q@ ° Do you read various journals which are published
in this field and from those, deeide what sort of a
percentage to use, that 1s the baslic process?

A Journals. Yes. Studles developed by othefs,
such as the Californla Energy Commission, Lawrence~Berkaley
: Laboratoriés, but genera;ly yes, We review the literature -
and then make an informed Judgmenta

Q Dr. Stutz, on page 11 of your statement, "
you speak of supplementary heating units as being equivalent
fo baseboard electric units, and as such; are more expensive
sources “of heat than either the gas or oil units. I'm
somewhat confused as to what you are referring to there.

Are you referring to gas and o0ll portable heating units?

A No. |

@ What are those units?
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A Fhat are the supplemental unlts about which
I am speaking of there? Portable electric?
Q ihe suppleﬁentary zas aﬁd oil heaters ybu
-are speaking of here.
A  No. That's not what I'm‘speéking of. Perhaps%
I can clar;fy what is pqing said. 'Whap.;'m saying 1s the '
.supplemental‘hgatiég unlts with which I am familiar‘aré
simple resistancelunitsﬂ In that case, they are similar
in physical op?réﬁiop to simple resistance units which wouldi
"be connected to the baseboard and-as guch, it ié my
undergtanding'Fhat they are more expensive than other types E"
"of fixed heatiﬁg ﬁnits such as gas hq@ﬁing units and electricd
heating unité,‘éb tpe comparison 1s a two step.
h?rom the portable resistance type to the
fixéd resigtanée type. From the fixed re§1stance type to
the other types of heating with which it 1s compared.
Q ﬁhat does that have to éo with forecasting
the usage in the future of supplemeéntal heating units?
A i think I have explaiﬁed‘that at oage 11.
qQ WOuld you consider- supplemental heating units
to be in competition with fixed whole house gas or oil

heatling systems?

A No. By their very nature, they are suppleﬁéntal.
; _ :

Let me just exnlain what I have said. Perhaps 1t is really

not very clearL All I saild was this. That 1t appears

———- [ |
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that a person using such a supplemental unit in a bedroom .

or bathroom would be doing so because they wanted to keep

their normal fuel house heating system at a low setting.

Sueh & person, I_would assﬁme, Was an enefgy conscious

person or at least that 1s the assumption that made sense to
ne.

Then I go on to explain how thelr behavior
ought to be reflected 1n the forecast. Behavior here with
respect to the use of that supplemental unit.

Q , You don't forecast those units independently-
in your forecast?

A No. As in the previqg; page, this 1is a
discussiqn:bf what I have found in the company fopecast,

basically my reaction to 1it.

‘ Q Now, your discussion of the company's

assumptions at line 9 refers to a one thousand hours pe;
year uée of these supplementary hgating units.

A Yes.

Q Could you refer me to the spot in the company's.
presentation where you see that particular value?

A Okay. I appear to have made an error. I
was referring to the statement on page 127 of WCH-1 where.I
see 600 hours rather than the thousand I have indicated.

Q. And the thousand is thé average wattage, 1

“

i take 1t, is that correct. Doctor?
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A EYes. It is 'a typographical error.

Q@ Now, Doctor, does your forecast assume at
any time the avpearance éf the electric car?

ﬁ T would have to repeat there what I said
before, sinceiI do not disaggregate miscellaneous, I can't
88y to you thét it does or does not adhere. What I would
say 1s that Iihave glven the electriec car load very iow
probability of aprnearance. In other words, I have to look
and see what are going to be the significant determinants
of th#t aggregate éndihave:given 1t a very low fate as you
might gather from whgﬁ I have sald on page 11 éﬁd 12.

Q .=Reférring to - schedule A,‘Doctor, Jnich is
in Exhibit JS{2 of your testimony.

A ‘Yes.

3 !Have you included in your average usage for

‘residential cﬁstomerﬁ from the column under ESR(, single

point meter departments?
A lYes.h
Q ?Have you included those same apartments in your
PECO column? . |
A :Yes. Let me - - I'm sorry. That's it.
Q Wonuld vou care to consider further?

A No. I would - - I was simply golng to say

that the column under kilowatt hours per year which developed

PECO forecast material, my assumption, I have not explieitly

EETA

.- '
i
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' _
developed those flgures so as to 1include single point metered

~apartments. They are developed from figures that are

provided in the company forecast. The company forecast
doesn't have that in those figures. So I guess the answer
would be that they are not reflected in the PECO as far as
I am aware.

Q So it would be-your understanding that the
single point metéred .apartments are reflected in your
column but not in the company's column?

A Yes.

Q. Would you agree, Doctor, that the reflection
of single point metered apartments in your column, but not
the company's cblgmn, would reduce your column, therefore,
makling the difference greater?

A It would certainly have some effect in that
direction.

Q Referring to answer 22 in your responses to the
company's interrogatories to you, Doctor, do you have that
before you?

A; Yes;

A1 And noting the miscellanecus column ir the high
case and in the low case, I note - - well, first off,
Doctor, the column 1977, that column‘reflects, does 1t n@t,

a calculation of historic data, does it not?

&_ Yes.
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0 And would you not expect, Doctor, that all of

the figures 1In that. column rative to each of the different

types of applignces.which are shown down there, each. of those

figures wonld be the same?

A No.-

6  Youwould not?

A T think I let you go away with the historilec
flgure. too quipkly. Base year data 1s developed as a
best estimate bf consumption by a glven appliance in the
base year so.y?u have a base year usage for refrigerators,
fop‘example. iBut I dén't_héﬁe any dlirect knowledge of the

base year usage of refrigerators as I might, for 1instance,
1

from the 1nforpation supplled by the company concerning
peak. .
Thefe are some appliances, -particularly

tdevisions, where there 1s an effect that I take into’

éccount ﬁhich makes 1t impossible for me to zero 1ln on

a single base year usage,.

Q ﬁnd would that effect require that in your
low case, you bave a different base year usage‘than you
have in your hirh case?

A, ?t does and I do.

& Okay. That's correct. You do. Why do you?

A Oh, it's the effect of the use of the second

television. It has been observed that if a family owns a

R TON .- -
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second television, the.second television 1s used less than
the first television. But there's no real acreement as to
how much less that might.be. There is some notion of what
the range might be. Now, these are use per unit. However,
they take into account these different kinds of units.

So 1ir ydu nave a different aséumption, Bven- '
if you have the same saturgtion - - how can I say this
clearly for you? That assumption wlll affect yoﬁr unit
usage flgure for the base year. It 1s quite possible you-
could have differences 1n other appliances,'foo, depending

on how uncertaln. you are concerning the data. We don't show . .

that except for the television.

P

(Transcript continues on next page)
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Q “Yes, I do notice'that.:and why is that?
A It has to do with the methodology. It has to
do with our willingﬁess to accept certain data as a starting
point for our c?lculation; In the television we feel there

is an apparent element of uncertainty.

Q And that element is the estimate to which people

use the second television?
A Tpat is correct.
. Q But you are not certain with respect to the
extent they usel air-conditioning?

A There is always an uncertain amount of
uncertainty in Q forecast.' When you make a forecast, you
have to put in those things you feel most important and the
way you feel it most appropriate;'<f

Q Now the effect of what you have done in the
effect of the uncertainty in fhe second television is to
state a higher value of the kilowatt hours used for average

;
customer during 1977 and in subsequent years shown on this
page for television in your high case, which.is offset
precisely by a lower usage in your miscellaneous category?

A That is correct.

Q But then in your low case, yYocu have a lower
television usage for customer and a higher miscellaneous
usage for customer.

A "That is correct.

- 2839
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Q I take it miscellaneous is what is left over
at the hottom? 1Is that correct?
A That is certainly true in 1977,
Q Now, Doctor, in yout high case, you raflact
a growth in miscellanecus usage from 332 up to 497 hetueep
i677 and 1697, but in Your low case, You remain entirely
constant from a 454 level in 1977 to a 454_13Ve3‘in 1507,

Now I take it that has nothing to do with the

" uncertainty to television?

A That is correct. coe
Q What does it have to do with?
A It has to do with my best estimate of growth

T in miscellaneous under those Years. Miscellaneous is
"determined as a residual, as I said much earlier, in the
first year and then grows as a fixed percentage,

In the low case, it does not grow at all. It
..is zero percentage and the top case, it has prown,

Q Doctor, at Page 83 of your Exhibit JS-4, you
indicate that in Your high cast miscellaneous use per customer
during the forecast period has been increased 110 per cent,
is that not correct?

A~ Yes. That is a typo, however.

Q But I take it you agree that is not, in fs-t,
what has happened?

A No. I can tell you exactly what has happened.
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" What page are ¥0ou on?
¥ ¥ am on Page PZ which is a one-sentence typo.
& Qkay., Ler me just tell you, I have the data

" that wss actually fed into the computer with me and I can
chack that.
Q Gari't we check the 332 value for 1977 versus

the 497 value for 1997 and determine that there has not been

ﬂi a 100 per cent;inérease in the high case?
f; A ﬁES, you can determine that that wax:. 1f you
15ﬁélike, I can deﬁermine exactly what was'ﬁ;t in.
.1115 Q ﬁn terms of the percentage increase?
125 . A ﬁ¢5-
13%; Q Well, I can calculate that.
14%? MR. HALL: Your Honor, 1 am at a changing of

5% the guard here. -Could we have a short break?

1o THE ADMINISTRATIVE LAW JUDGE: Yes.
i
1?;
18?% (Whereupon, at 11:40 o'clock a.m., the
. ; i
Ae g hearing recessed until 11:55 o'clock -a.m.)
2y '
R THE ADMINTSTRATIVE 1AW JUDCE: Ave we ready to
proceed?
1
i MR. SALI . Yes, Your Henor.

23 'BY MR, IALL:

Q Dr. Stutz, moving now to your commercidl forecast -~
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A Yes.

Q <- am I correct that the first step in the
5
. commercial forecast is to establish clericai floor space in

:éthe Philadelphia Electric Company's service territery by
??coﬁmercial customer type, shall we call it, for the year
EE1975?

A Yes.

Q And do you.obtain that data by employing

various general data applicable to the Statewide Pennsylvania?

In other words, let's deal with it this way, Dr. Stutz. What .

: : data have you used to derive that?

ﬁ A The data is derived from two factors, one of %
%%which is employees per~squéfe foot which is general data and ;
géthe other is employment which is specific to the service
%iterritory.

Q Now by general data, you mean this is a

i?éinational study?

i

Ly

I A There are a variety of studies used.

3
o

4 Q And do they use the data which is drawn on a

i inational plan?

i
W

A Yes.

Q And none of them are drawn specifically from
" studies in the Philadelphia Electric service territory?

; . A No.

5

Q And the second source that you have mentioned is

P
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‘ ampioYees in the Fhiiadeiphia Electric Company service
territory, is ihat nnt,aorrect?
A Yer .
9 ?-tagelit thst is commercial employees?h<
A Yes,
Q Arid is that a document which is put out by the
" State gOVernmenﬁf
A QL..$Hat is County Business Patterns, I believe.
’:;@t]ii:ftom County Business Patterns. I am going to check
Ty it now. -
i ) Q Sure. . L
Vﬁ? . A Yes. ) .
l?.f Q ., Docter, will you be able to confirm that source
et of information? ‘
PR A Yés, it is listed as reference nine, County
‘" Business Patterns data, 1979.
G So what we are bheginning with in the commercial

modeil, is a calculation of the 1975 commercial floor space
broken down by different types of commercial customer which
is based on spacific emplovee data from the Philadeiphia
Flectric Compary service territory”

A ﬁes.

¢ ﬁpd alse data as to the number of commercial
square feet per empiovee which is baszed Sn a national study

~unrelated tc the fervi terrivory?

[l
@




Stutz-cross

22

1
A That is correct. i
3 : !
i Q Now from there I take it, Doctor, what that :
31 X .' :
gives:us is our base of checking commercial customers, is |
3!
I that not correct?
5 ‘ . t
‘ A Commercial square feet, yes. i
6
Q Square feet, from there, Doctor, I take it we
7 .
increase the commercial square feet, is that correct?
8 -
' A That is correct. .
9
Q Do we do that on the basis of projection as to. i
HY) . '
the increase of commercial employees?
1 A That is correct.
12 '
Q And we use in that projection, I take it, the
13 -
same national study with respect to the number of commercial
14 .
employees per square foot?
15
7 A Square feet per employees, Yes. !
16 . ) |
i Q What is the source of that projection we use 1
1 : . |
7 for the increase of commercial employees? ‘
18 . R - .
A It is a composite projection. It is a separate 1
19 f
Projection for employees per dollar of earnings and a pProjectidn
20 . |
of earnings. A ;
21 . . g
2 Actually, the absolute size of the projection :
ﬂis irrelevant the way the model works. Only the ratio of ;
23 those quantities are employed. §
24 Q Is that data specific to Philadelphia Electric i
25 _ ?
Efrvice territory or Statewide data?

cee— MaHHERUA 3 MARsSAL, IR 13 ML o aIRWILI Uw W kAVEIEURS @
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A Statewlde.

0 i7ow do vou move that down from the Statewide

~

Tevel to the Philadeiphia Flectric service territory?

A The same statewide data is employed for the
servire territory. The way in which it is connected with
" - the service territory is througk the base year estimate which

~

" has the service territory specific information embedded in it.

”'ﬁ ' 0 'Is it a growth rate that is heing projected?

A Yes.
U?i ' Q .wa having obtained your 19735 data and having
11 ' obtained your data for an increase in cémmercial square feet,

!4 noctor, You check this data against the utility's actual

1.2 ¢ commercial usage, do you not?

i ‘E A Y';esﬂ
iﬁz Q And that is a one-year check, is it not, in
K 19777
?’g A fes.
U*i : Q And what 4o yYou do in that chéck?
“ A We re-normalize.
Q What does re-normalize mean?
A We adjus* the energy intensities ir this

particular case across the board. Ferhaps 1 should explain
to get fyom square fontage to usage, You have to have numbers
which give ¥Xilawatt heours per square soot, We have those

separately for new buiidings and existing buildings in various
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" .categories. Those numbers were in this case adjusted to bring

.igus into line with the 1977 total.
. Q I take it the ultimate adjustment is to your

’  square footage numbers, is that correct?

A No. In this case the ultimate adjustment was

' ?on the intensity numbers because we were fairly happy with
.?ithe square footage. It is a departure from our usual
H?ipr0cedure. Normally we feel we are le;s confident about the
titsquare footage for a vafiet} of reasons, Thisrtime we felt
" resonably confident about the base yYear square footage.

Q Why was that? |

A Because we got good agreement from data we

" received from the company.

f Q Now you have adjusted the enmergy intensity

** pumber. Now energy intensity number, am I correct, is in

" . essence the number of kilowatt hours of which a square foot
‘" of particular commercial type would use during any one year,
i1 js that correct?

A That is correct.

Q How did you decide how to adjust those numbers?
A We have those‘numbers based on studies which

.!" were performed by Afthur D. Little. We have them by virtue

7. of their incorporation in reports prepared by Brookhaven

“ National Laboratories.

We felt having discussed the development of those
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o !
Co Enumbers with Arthur D. Little irn this particular case, that

2 we believed that tﬁe rélationships between the numbers were

3 solid for our use here, hut we were going to adﬁust their

4| overall level so we were going to bring them all down by a

5_ fixed percentage. |

6 Q So you applied a fixed'pngentage to all of them|

7 jusf dropped.iin?

® A Yes, we did.

9 Q How much was the‘fixed pefcentage?

to A That 1 would have to dig up for you.

t Q ﬂoulﬁ you do that plaas;?

12 A ; am sorry., I thought I brought the raw data

13

with me, but I didn't, so I can provide you with the size ,

L4 of the adjustment, but I don't have it on me.

15: ' Q Fine. I would appreciate that. ' =
16 A - As I understand it, it would be a flat
17 '

ladjustment and it might differ depending whether you were

(8 in the high or low case, but you want to know the size of

t9 the adjustment from the original to the intensities that were
201 used? .

el Q Yes, as a percentage factor.

1z A It will be stated as a decimal but you can

3 convert. it to a percentage as part of the output.

24 Q So, Doctor, what we have got now, then, is the

picture of commercial square footage for existing customers
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E';;which wds drawn originally from 1975. We have a projection

Eiéf employees on a Statewide basis, commercial employees,

‘ projection of growth in employees by category.

A Yes. -

Q Now the next thing we need then is, as you have

i indicated, the intensity of use of the extent to which for

; a given commercial square foot one would find a certain amount.

. of kilowatt hour use?

A Right.

Q Now I take it what is done in your forecast,

» forecasts forward the amount of square footage increasing it

: along with the growth rate of employees, there is az one to

one relationship, is there not, Doctor?

A What is actually done is this. You develop.

" the number of new square feet from the growth rate and that

" is brought in at the intensity appropriate to the new square

© feet.

Q And the intensities which are appropriate to

- existing square feet and new square feet are drawn from a

=: i study which is done by Arthur D, Little Company, is that

not correct?
A ' Yes. The numbers are actually - presented in a
report published by Brookhaven Laboratories. They were

developed by Arthur D. Little for use in that report, among

+ other things.
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Q -NZe, Doctor, as you recall, an associate of yours

in
[
il

by the name o Hr. Zosen tostified with respect to a similar

ecerygy forecase in Phiiadelphia Electric's Jast rate casc,

is *hat not -~orreo=-7
A Trat 15 carrect.
Q And if you recall, at that time, Dr. Stutgz,

your colleague, Mr. Rosen, employed in his commercial forecast

"at that time h¢ was responsible. for that forecast and

" - analysis which T believe is identical to yours, is that

" . not correct, or very similar?

. A It is anite similar.
Wy,
Q And Mr. Rosen at that time relied, did he not,

“upon an A.D. Little study for his study cof intensity of

usage, did he not?

A Yes, I believe he did.

Q And this was the same A. D. Litf}e study that
yeu and 1 are discussing with respect to your study?

A It is an updated version of what he relied an,
yes.

Q If you recalil, Dr. Stut:, was it not true that

You initially submitted Your testimeny in this campany's

~last electric rats procending based upon 2n initial varsion

of that &, D, Littis stady, is that nct zorvest?

A That i correct.
Q And during that prior case, the study changed and
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. was amended and, therefore, the numbers were amended and

:Eiyour'testimony had to be amended to reflect that, is that

15:311 not 4l1so true?

A .. That:is correct.

Q One other question with respect to the prior
ﬁifcase .-

A Can I interrupt you for a second? I don't

i believe the amended had to do with the A.D. Little pcrtion.

EfI think it had to do with other features of the forecast.

Y now.

Q I would disagree, but we do not argue about it
A Okay.
Q Is it not true, Dr. Stutz, that in fact at the

'5f§time of that prior study, at the time of the prior rate case,

ot

" this A. D. Little study that you relied on was not a public

" available document. is that not correct?

A Yes, that is true.

4] And you were Tequested to provide that study

+? to the company but. were unabie tc do 50 as it had not been

"' approved or released by the Department of Energy at that

<a 4 time?

A That's correct.
Q Now with respect to the updated version --

:1i first off, with respect to the original A. D. Little study,

';iDr. Stutz, would You agree with me that is still not a published
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dncument and Yoo nave still been unable to provide a copy of
that aven at thic iate date and despite its revisions for the
company *to review?

A Yes, A. D. Little has chosen to publish part
0f the data in a report 1 did provide to the PECO representatives,

but they have not provided the data we Were particularly

_interested in,

(Testimony continued on next page.)
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2§§ Q Noy,‘wduld you further.agree, Dr. S;uﬁz, :
'3 that with respect to the new and updated A. D. Little studyAE
4 phat you'are relying uﬁon, that-neﬁ study has in addition,
.;“ not been-pgblighed. It 1s noF publicly avallable? . . E
6l ' A T think .somehoW in the - - a f
'7§| e Could you angwer my question? . ’ )
g A The answer 1s I relied upon the numbers in the% .
9; published Brookhaven study, as I indicated in my. testimony. § 2
i : :
o Q Well, is the study published or not? %
% A There i1s a document published by Brookhaven i
1 ;
%;:E National Laboratbry, which contalns all the information E
L=
1325 wilth respect to energy entltles upon'wﬁich I have relled "
) :é and that document has been furnished in fhis case.
ok "
Q@  And that document, I take 1t, merely takes
15 -
- i flgures from the A. D. Little study which has not been
Lb?; furnished 1n %his case?
A That 1s correct.
Q@ What 1s the date of the Brookhaven study?
-
h A January, 1978.
-
~k' . Q And could that Brookh§ven study, Dr. Stutz,
EIE be the same Brookhaven study that you provided in the last
1_5 case to thls company?
23
A I belleve 1t 1s an updated version.
4 Q Dr. Stutz, you were cross exaﬁined when, 1in the
25 last case? I can refresh your recollection th?ﬁ_}f_“?ﬁ_@?¥;ﬁ

MOHRAACH A MARSMLL, [NZ, - IOt LOTHWILLOW AVE., NARPISHELURL PA )
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A Why don't you do so. I don't have the
exact date. -

& May, 19787

A Yes. I don't believe we had this particular
form of the study at that time. I could be wrong, but my
recollection is that we provided you with a prelimlnary copy%
of the study that we have furnished you with in this case.

| Q I would take 1t you would have to agree that |

the revised A. D. Little study would not be reflected {n_tha?
January, '78 Brookhaven studg, 1s that not corréct?'m._ i

MR, BURGRAFF: May I interject? I think we
have had some testimony from Dr. Stutz saying that he
beliéveé the '78 document was dated. We can check on that.
You.é;e*referring to the répo?ﬁ as if it i1s not datgd.

| MR. HALL: I take it Dr. Stutz has rgfgrred
to a single report of January, 1978. I can go to'tﬁe
transcript here and demonstrate that we did, in fact, get
such a revort in the last case. Now, what I'm trying to
&émonstrate, and I bdieve that Dr. Stutz will agree, is that
if this DBrookhaven report is the January, '78 report, then |
in fact 1t does not include the revised A. D. Little study.

Or any numbers therefrom. That's got to be true:

THE WITNESS: The problem with the A. D. Little;

i
i

MR, HALL: I would llke an angwer to my questiqn.

L LS U
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j ‘I have not asked thé problem with the_A. D. Li;tlefstudy.

[ LV

i . MR. BURGRAFF: I think the wltness should be

3}? &11§wéd to answer the question in the way he sees fit. Wé

4;2 have gone throﬁgh th;s w1th company witnesses, when someone g

3% ‘has tried to get a yes or no answer. T At tha t point 1n time;}

65! the answer was what was wérked out'ﬁ;s-you Ean #nswer'yes {
: . i

?’ or no, but you also have the latitude t6 explain. What's fa*r

° to the company witnesses is fair Fo everybody‘else's witneéqggi_“

7 MR. HALL: T would certainly agree with that. |

10; But I did not hear a yes or no. ‘{‘"

11% THE WITNESS: Could I:hear the question‘égain E

12%} and I wili try to give you a ves or no if 1 can.

13 BY MR. HALL;

14% Q@ The question 1s, Dr. Stutz, is 1t not true

15% that this January, 1978 Brookhaven Laboratory's report which

iﬁﬁ you have referred to does nbt contain the revised A. D.

. Little study which you have relied upon in this case? In

s this case meaning this electric rate proceeding?

;

2 A T think I have to state again that the numbers

- that I used in my forecast are the numbers that are reflected

11l here. :What-w111~subsequent1y appear In the A. D. Little

33f documengatioﬁ which 1s supposed to be forthcoming shortly,

23! 1 believe 1s the undéflying calculations for the numbers

2%5 that I have used. Now, I have spokeﬁ to Mr. Glesk at A. D.

25| Little wﬁq 1s writing i1t. That is the impression he has given

MOHFBACI & =AF4HAL, INC. - 17 M. LOLFMILIuAs Ave . -
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ne. I can't answer any more fully untii i see the documents,
myself,

P, HALL: IYour Honor, at this time, I would
make a motlon to strike the commerclal portlon of Mr. Stutzt
éestimonyaﬁth regard to the commércial forecast of this
A, D. Little document and the numbers whilch are in 1it.

It 1s a very lmportant part of Mr. Stutz' testimony. It_is,;
in fact, the document which provides the energylﬁségé“or Ehe:
kiléwatt hour usage which he projects forward for this i
|

commercial forecast.

v

oo This 1s the ‘most important piece of information
in 1t. ©Now, In the last case, we requested of Dr. Stutz
or 1n fact his assoclate at that time, Mr. Rosen, that this

1nfprmation be provided to us. At that time, 1t was indicated

; that this was draft information.

Er. Rosen had aécess to it through His
connactien with RBrookhaven Labdratories and it ccould not bg
provided to us. Ve have now come through two. separate changeé
in that information. Tﬁe sturly is apparently stlll not
available, still can't be provided to us.

e cannot examine the study. We can't detefmin?
how Dr. Stutz i1s uslng the data from this stuldy, whether he

is using it correctly or incorrectlv ard I think the company

1s denled 1ts ability to rebhut and 1ts abllity to cross

examine Dr. Stutz with respect to this varticular forecast.
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- cannot be provided to the company and this is the second’

|
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The most important:single piece of 1hforﬁation;‘
case in a-rﬁw that that‘is true.

MR, BURGRAFF: I would like a Qord‘with the .
witness, if I couvld, before.f respond.

(Counsel and the witness conferred)

THE ADMINIS'I‘RATIV‘E LAW JUDGE: We will have
a three minute break. .

(A brief recess was taken.)

THE ADMINISTRATIVE LAW JUDGE: Let's go back
on the record,. )

MR, ﬁURGﬁAFF: Yes. I think our comments would
be essentlally along these lines, Your Honor. Dr. Stutz
has relied on the numbers as shown 1n the Brookhaven report. .
These numbers have all been provlided to the company. His
views of those numbers or why he has chosen to treat those
numbers as he hés haé been the nroper subject of discovery.

Clearly, Dr. Stutz has not misrepresented
any of the numbers. If that's the allegation at all, then
of course, that's Jqst not the case. I don't see any
pfoblem with what ﬂas been presented, what has been reliled
on. Obviously, if the company chooses not to agree with

the treatment of them, then that's entirely up to them.

T don't. see what the point of it 1s, when the

. numbers, themselves, have not been misrepresented. And

HONABACH & MAPSHAL. Ing, - 1T V. LCIv&ILLOW R¥L. - HANHpmIue, BN vl —— = s = - eT
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e now we are . talking about taking a report that 1s unknown andf
changing the nurboers as a startiné point in dealing wifh .
them, I think that's one- thing. 5ut’thatris.ﬁot the case.
They have come frou the Drooknaven report.
We haven't done anythlng to them. I‘think it is entlrely

appropriate. The company obvicusly would disdgree with

Dr. Stutz' perhaps viewpolnt, treatment, but as a starting

¥

f _point, I don't see any problem with them.
gi? MR. HALL: Obviously, the company doesn't
disagree with Dr. Stutz' use of the numbers because the
cgmpaﬁy does Aot know how tﬁe numbers were derived. The
company does not know how Arthur D. Little went about doing
its analysis. We don't know. the limitations which
Arthur D. Little believes exist on these numbers or theif
é; usefulness.

We have not seen that rngrt, thch it is
my understanding has.been seen at least by éome in Dr. Stutz!
organization. We have not had access to Arthur D. Little
to discuss with them. We can't even call and discuss them.
We have tried that. There's no way we can adequately
- examine Dr. Stutz' use of these, merely because they have
- appeared 1n some other report publiished by some other
- agency.
They do appear on that veport, aS rnumbers,

*'2 but other than for that, there's nothing else there, and
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That Liocides us very scant information with respect to

an evaluation ol' tnis very iumportant feature of cne-thira

I

i tne conpany's system as Terecastad LGy Jr. 3tuiz.

imi. SUHGRAFF: I'm sorry te Interrupt. Iu is
our view that the company can ezainine tiese numbers. I
don'i thnit:« the A. . Little matter has really any
reievance at all to the admiscibllity of the testimony.
I thipk that «he company's Qrgument, more or less, goes to
perhiaps the welgnt or the way the nurbers have been used.

But once agaln, 1 fail to see hew they can't
exainine tne use of the numbers. They had every opportunity
L Wl Lliwt.

MR, HALL: Yuuir doner, we took every opportunlty.
W& called Arthur D, Little. We called the Department of
.Energy. We asked Ir. Stutz ans all of those sources told us
we could.not have that study and could not reguest it,

MR. BURGRAFF: I'm referring to the use of
the numubers by Dr. Stutz.

MR. HALL: We have no way ol knowing whether
he nas used the number right or wrong other than what he
tells us. The purpose of cross examinatlon or discovery is

to check orn what the witness teils us. We are denied the

believe

2]

ability of cross examlnavion and discovery and
aue. process of law as to this particuiar portion of Lr. 3tutz?!

testimony.
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My motion Lo seriie 15 Liniled To the commercial
noriion of that testimony.

MR, URGRAFF: YWelli, we have, I think pretty
mucit coverea the ground. I don't - - once agaln we don't
think the v~ *on 1s approprisce. Certainly to thes
admisSibility of the evidence.

MR. BOCK: I would je¢in in that, Your Honor.

It is a question primarily of weirght and not admlssilbility

in thils Adminlstrative proceedine.

MH. HERSHEY: I would aiso point out, Your
Honor, that in objections posed hy intervenlnga parties in
this case or motions to stfike, In several cases, the motlions
to strike were put off until the end uf the case and in one
case, where we were attempting to inoulre into the background
of T bélieqe it was Mr. Mallard, we were not allowed to
do that or in declsions that he had made which would have
reflected on the testimony that he was bringing to this case,
and I think the situation is verv narallel here.

MR. HALL: I think the decision there was that
the request was Irrelevant whicn is certalnly not the case
with respect to tnis motion. It is toetally different. I
would note that the arsgument that this only goes to the
welght 1s always the bromide that is ndvanced in these
situations. How vou can give weipnt tc Lestimonv that cannot

be examined by cross examination or dilscovery escapes me

t
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entirely and such testimony shculd not be permitted into ths
record.

MR.HERSHEY: I think that was exactly the
problem with Mr. Malla?d's testimony as it related to his
previous experience in New Jersey, aﬁd in thls case, we were
not allowed to inguire into what he had éone in New Jersey.

MR. BURGRAFF: And also cross examination as
to the use of the numbers is avallable in this case.

MS. BUSH: Mr. Mallard was allowed to rely on
an audit of a Virginia Electric and Power Company project,
of whiech we partieé did not have the right toc cross examlne.

THE ADMINISTRATIVE LAW JUDGE: I think the
only reference to that was in the Theodore Bary audit. I
don't think there was any reference in that.

MS. BUSH: Excuse me.

MR. HALL: The audilt was - -

MS. BUSH: Excuse me. I'm responding to the
Judge. That referred to the Hope Creek Project maintenance
and referred to the percentage figure he used as the
appropriate percentage for rework and the audit he referred
to done by Theodore Bary on another project.

MR. HALL: I would note that you were permitte&
to see the audit, tc examine it and before you continued

your eross examlnation. I would note alsc that there was an

audit done by your own witness which was avallable to you
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from him had you asked.

MS. BUSH: It was a percentare filgure. We
had no way of investigating what 1t related to, what particular
factual sltuatlion was referred to.

THE ADMINISTRATIVE LAW JUDGE: Before I rule

on this motion, I want to review Mr, Stutz' testimony again.

We will get an answer back to you as soon as possible.

MR. BURGRAFF: Thank you. T might note for
the record, Your Honor, that Dr. Stutz is suggesting when you
are reviewling hls testimony, you aiso review a sectlon of
the Brookhaven report which in essence, explains how to use
the data 1n question and we will furnish coples of that
éo you and to all parties of interest.

I believe the .company already has 1it.

MR. HALL: I would ncte that the Brookhaven
people, of course, are not the people that put the study
together. That is not the study.

MR. BURGRAFF: That's where the numbers come
from.

MR. BOCK: That's what the witness is relying
upon.

BY MR. HALL:
Q Dr. Stutz, you were present during cross
examlnation of Mr. Rosen in the last case, were you not?

A Yes, I was.
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Q And you and I recently Just had a colloquy
with respect to whether or not the Arthur D. Little numbers
changed during the course of the last case, 1a that not
correct?

A Yes.

Q I'm golng to ask you if you recall this
following exchange between myself and Dr. ﬁosen from the last
case with respect to that particular 1item.

A Yes.

Q@ The question is"well, Dr. Rosen, do you have
a copy of the study whlch you refer to page 25 of your
prepared statement?” And that study was the A. D. Little
atudy.

A I am just looking at page 25, if you don't
mind.

Q Excuse me?

A I'm looking at page 25 of the last testimony;
if you don't mlnd.

qQ Okay. Fine. Mr. Rosen answered me by saying
"A final copy of the MOPS report is not availlable. The data
that I recelved to enable me to perform my study was
recelved by colleagues of mine at the Brookhaven National
Laboratorlies, who were working on the MOPS study. This data
that went into the supplemental testimony, some of the numbers

were changed from the earlier testimony and a few changes were
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made because we did rezceive flnal numbers rom ailhids D.
Little." Do you recall that exchange?
I MR. BURGRAFF: Could I show thils to the wiltness?
MR. HALL: Yes. Sure.
MR. BURGRAFF: 1Is that the extent of the quote?
MR.HALL: Just this. (Indlcating)
(The document was handed to the:withess)
THE WITNESS: Yes;
|

BY MR. HALL:

" Q@ So with respect to this A. D. Littie study

fo

" whiech Y belleve is reference esight in your exhibit Js—ﬂ,
is that not correct?

A Yes.

q And 1t 13 listed as forthcomlng there, 1s that
not correcf?

A Yes.

ﬁ Now, with respect to this A, D. Little study,
when you filed your initial testimony in the last case,
you used a, set of A. D, Little numbers, is that not correct?

A Yes.

qQ And those numbers changed during the course of
the case, is that not correct?

A That is apparently correct._

Q@  And during that entire period the A. D. Little

study was at that time forthcoming, was it not?
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A That 1s correct.

Q low, we are 1n a second case some year and a
half later and there 1s anlA. D. Little study still forth-
coming, 1s that not correct?

A Yes. As I 1indicated, one portlon has apreared
and we supplied that. The other portion is stl1l1l forthcoming.

3 The govion that 1s still fortheoming is the
one which contains the numbers and the analysis which you
have employed in vour rnemmercial forecast, 1s that not
correct?

A No. -As I said befcre, the numbers I nave
employed are in the Broockhaven report. I have employed them
as dasarihed in my testimony. The document we are discussing
13 a background document that supplies information concerning
the derivatlon cof those numbers, information which I have
recelved tShrouzgh contacts dlrectly with A, D, Little and
Brookkheven Hatlicnal Leboratorilec.

a The dfcumen: we are discuegsing, e 1t neu,
Dr. Stutz, is the document from whien the 3rockhaver:
Ieteratovies orezumpbly ot Lhesge fifpures?

A ' No. Since 1t doesn't exlst yet, it 1sn't the
document they got 1t from.

Q Well, perhaps vou could enlighten me, Dr. Stutz.

., You have used what you term the A. D. Little data Irom the

I~

Mortheast Unit:zd 3tates,
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A That's correct.

Q Am I correct in assuming from that that the
A. D. Little data must be divided by Northeast, Northwest,
Southeast, Southwest? 1Is that correct?
A Tes.
Q. What 1s the A. D. Little data from the
northeast?
' A Specific data you are talklng about is energy
E? intensity. ‘data; It 1s data on energy consumption per square
W Toot ror different types of bulldings 1n the commercial
sector. That's the data.
; Q  How many commercial buildings did they use 1n
tﬁe northeast?

A. Five. Five different types.

in

-

Q. Filve different types, flve different bulldings?

A Yes., I should point out that one of the
operations we ha#en‘t discussed, which is described on page
85 of JS-4 is an adjustment.

Q Dr, Stutz, I don't have a question pending at
the moment. -

A Okay .

Q T don't mean to cut you off, but I do have
another question that I want to ask.

4} Okay.. I just reallzed I had gotten myselfl

in a situation where I d1dn't mention something, so it had

by
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heen omitted from the discussicn., It might be misleadine
if 1t weren't entered.
Q Perhaps we will get back fo it. Dr. Stutz,
the northeast United States as used 1n the A. D. Little
study, 1s that Philladelphia or is that some other area?
A it certainly includes Philadelphia.
Q You made an adjustment to apply that data to
Philadelphiﬁ?
A Yes.
q And these are stated in your testimony,
aren't they?
A Yes. On page 85.
Q Those are weather adjustments, I take 1it?
A That 1s correct.
MR. BURGRAFF: For clarity of the record,
page 85 of what?
THE WITNESS: JS~4.
MR. BURGRAFF: Thank you.
BY MR. HALL:
Q Now, you indicate a .5 percént commercial
growth raté on page 4 of your testimony, do you not?
A Yes.
Does
Q@ /That growth rate or does the commercial class

upon which 1t 1s based lnclude, in addition to what one

911a

might normally think of as commercial, i.e. stores, commerria?
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office bulldings, and others such as plpelines, transportation
utilities and Government accountg or such as the Navy Yard
and the Mint? The Government Mint?
A Yes.
q Would you refer to Table 1.3 at page 5 of
your Exhibit JS-4, Dr. Stutz? There's a column there headed

Other Sales. I have calculated from the change in numbers

"in that column - - well, first ofi, what is other sales?

A Sales not included in the residential, commercilal
and industrial categories.

Q And what generally would that be?.

A Oh, street lighting, other miscellaneous
things of that sort.

@, I have calculated the increase which you show

" on an average annual basis from 1978 through 1987, and then

separately from 1988 tc 2000. Now, durlng the first ten

year period; I get an average million kilowatt hour increase

of 42. During the second ten year period, I get an average
milllon kilowatt hour 1ncrease‘of 114. Can you explalin for
me why the vast difference. between those average annual
increases?

A T would have to go back and look as to how
we developed those. My recollection is we were developing

them from company data. But I will have to look to be sure.

According to my notes and alsc my recollectlon, we developed

- . Lo irs - . PR F S —
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this from company data. I would have to go back and
look at my data development to tell you why there is that
break. We include in that, as you will note on page 53,
the number of categories, losses, et cetera. I would have
to o tack and review my notes to tell you exactly how T
obtained those numbers.

i Docter, you don't mean to suggest, do you,
in your prior response, that in fact these numbers are
taken directly from the company's exhlbits, do you?

A As T explained, they include a number of
categuries of use by the company. Line losses, et cetera.
They are a developed figure. I can certainly indlcate in
writing how thev were developed.

Q Nkay. That would be fine. Thank you.

A Let me Just indlicate preliminarily that they
are developed by a linear interpolation, so I will glve you
the thice vaLQes.that we interpolate to 1n the years they

correspond to. How those were developed.

(Transeript continues on next page)
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91145
9, Now, Doctor., I would like to move now f¢ your .
i
2 industrial information account. Doctor, am I correct that i
3 the only significanf difference between your industrial
4 forecast and that of the company is in your treatment of :
2 cogeneration?
6 A That is correct.
7 Q And in your treatment of cogeneration, do you
8 rély for your data upon a study which was done by the
2 Thermo Electron Corporation for the Federal Energy Corporation
1910 in June, 19767
11 A That is one of many things I relied upon, Yes.
12 Q  What additional things did you rely upon?
13 A I relied upon other studies done by the
14 industry such as a study by Resource Planning Associates.
150 1 relied upon information supplied by the company concerning
16 studies of cogeneration done by the Electrical Association
17‘|of Pennsylvania.
18 I relied upon a study which my company completed
19 for the New York State Energy Office concerning cogeneration.
20 I relied upon various articles in journals,
21 energy-related publications which I subscribed to concerning
22 | cogeneration.
23 Q Now in making yYour adjustment for cogeneration, i
24| poctor, how have you developed the number of megawatt hours g
|
25 '

which you have assumed that the industrial customers can |
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cogenerate?

. A That is developed as a fraction of the total

i processed energy requirement by two digit SIC. Do you want

4Elme to go into the development of that fraction?

51! Q Yes, where did you get that_fraction from?

bH A If you take a look at Page 92, you will see

7iia description of how I did it.

Sig MR. BURGRAFF: Is that JS-4 again? !
@ | THE WITNESS: I am sorry. I keep referring to I

104 the exnibit. I think that the testimony describes it !
11 i compietely. , ;
12 § BY MR. HALL: i

i

13'i Q And I take it Table 818 provides the percentages:

14 % which you have assumed could be employed in cogeneration by

15 different industries by type of industry, by SIC code, is

Iﬁh that correct?
l?li A 819 contains the fractions, yes. : !
135 Q What is 8187 !
19!; A It is energy intensity.
10% Q Oh, I see. With regard to No. 24-SIC-24, I ?
llh see a fraction of .343. That is for the past year in the

|

high cast and the fow cast. What type of industry is that?
Ry A I have to get out my SIC list, I am sorry, I
24% don't have a memory for those kinds of things. 1 have to look

it up before you can supply me with it.
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!
Q Would you agree that we don't have any lumber :
manufacturing locations in Philadelphia? Let's try 33.: Now,

in the high cast, you show approximately 15 per cent and in

the low cast, approximately 27 per cent?

A Yes._
Q Where-do you get the 27 pef cent?
A As I said, it is described there. It is the

largest of two numbers. If you want, I will see if I have
the data which tells you which of the two numbers I used.
As you can see, the procedure is very, very
simple though. I don't think I have that list, but I will
look for it.
Q Well, Doctor, referring to Page 92, you say

that for the low case, we assume historic state levels, is

that correct?

A That is'correct.

Q That is historic State of Pennéyivania?

A Yes.

Q And this is from census data?

A Yes.

Q Do you know how old that census Aata is?

A I would have to go back and check the data.
R Q Could you provide that to us?

A The age of the dgta on which the base year

fraction was deterniped?

| e i b MONRHAL Y B wATnAL, INT, SN, ACCRILLIN AYIL - HAFRISRUIG, Pa 170D m— oo e —
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Q Yes.
A Yes.
Q Now you say reachieved by 1985. I take it

that means we are not achieving the level you have assumed
at this timcé

A Yes, that is correct.

Q And I take it another input into your léad
cast has been the Thermo Electron study?

A That is one of the inputs.

Q In cther words, you either assume this census
data or the Thermo Electron data depending on which is lower?.

A No, that is another item. Potential generation
levels by the Pennsylvania Electrical Association, there are
three candidates, We examined those three and chose among
them in the way described.

Q You picked whichever of the three is higher?

A That is correct. It is designed to be a high-
low split. In the high case, which was least amount of
cogeneration assumed, you will notice we leave everything
constant and the low case, which has the largest amounz. We
Picked the larger of the three.

Q In other words, for the high case, You assumed
the same cogeneration level as the company, is that correct?

A Yes, base year levels are maintained as

indicated in Table 819.

o
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Q Okay. Doctor, are you aware of the historic
growth of cogeneration in the Philadelphia Electric service
territory in recent years?

A I am aware that we received information that it
had not grown.

Q Has it, in fact, been negative growth?

A I don't recall that. I recall somefhing to the
effect of it being flat for ten years.

Q Doctor, are you familiar with the Department of
Energy's current position on cogeneration with 0il plants?

A In general, Yes.

What is that position?

A I believe the Department of Energy is interested
in decreasing o0il consumption as mu;h as possible so it does
not look to that kind of cogeneration very favorably.

Q - Doctor, would you agree with me that cogeneratioT
through coal plants would not be a feasible alternative in
the Philadelphia area?

A That is my impression.

MR. HALL:. That is all the qQuestions I have,
Your Honor.

MR, BOCK: No questions.

THE ADMINISTRATIVE LAW JUDGE: Let's break for

lunch. We will come back at 1:55.

i

i
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(Whereupon at 12:55 p.m. a recess was taken E
and the hearing reconvened at 2:05 p.m. thé same day.) I
THE ADMINISTRATIVE LAW JUDGE: Okay. Back on
the record. Mr. Burgfaff, do you have any redirect? i
MR. BURGRAFF: Yes, we do, Your Honor.

JOHN K. STUTZ, the witness on the stand at

time of recess, resumed the stand and testified further as
follows:
REDIRECT EXAMINATION

;

BY MR. BURGRAFF: !

Q Dr. Stutz, we have had some cross examinatlon |
i

earlier. today concerning a group of numbers that are preseﬂé
the Brookhaven report. What are those numbers? l

A The numbers referred to are numbers which glve
"the energy consumptilon per-square foot for specific building
types and end uses. i

Q Okay. And what do you do in your analysis | '
with those numbers?

A The numbers, the enregy consumption per sguare%
foot by bullding type is multiplied by our estimate of
square footage to get an estimate of consumption for a given
year,

q And do you use those numbers strictly as they

are found 1n the Brookhaven report?

A No. There are a number of adjustments made

MOMAEBALH A& MARSHAL, INC. . 27 N LOCKWILLOW AWL., - HARRISBURG. Pa. 171112
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for the numbers as thev are fcund in the rookhaven renort.
They're initially represented In terms of BTU's per square
feot. We convert tc kilowatt hours. We then adjust for
temperature, heating degree days and cooliﬁg degree days and
then we miice an inltial scaling based upon information we
have about base year consumbtion.

It is only the flnal intensltiles, kilowatt nours
éer square foout that are used as input data for our commercial
model.

[4) And do you test the resulting KWH per square
foot figures which you use as input data?

A Yes, we do. We don't simply take the output
of that procedure and put 1t into our model. We do endeavor
to check the numbers that we obtained in this fashion
against other model ocutput, agalnst other studles. 1In
particular, we use ocutput that we have used received from
Trinzls model. It 1is a cémputer model. We also check it
against output that we have recelved from other studies.

For instance, Dubel, Mindel and Bloom, a
planning firm in New York has put cut a book recently in
which they show energy consumptlon per square foot. We
check It against such a source. We have also endeavored
to check it against any informatlon we can obtain concerning
company estimates f{or the same quantities. We 414 recelve

gome 1nformation from the company in response to one of our
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Interrogatories concerning the electric heating consumption;

for new bulldings.
We checked 1t againat the numbers that we ;
were putting in to our computer based on the procedures
I have described and found them to be in the same range.
So the. general procedure, then, 1s to check ;t against any
other model output, any other atudlies we have avallable
and certainly any information we can obtain from the companyL
Q Were you asked to derive your energy 1ntensityi
by the company?
A No.” We were not asked specifically 1f we
could provide any i1ndependent derivation of the numbers
nor were we asked to go over our reasons for choosing those
numbers. We were asked for general background information
and 1nput to the Brookhaven model 6f which those are the
numbers. That was we supplied the Brookhaven report which
I have referred to and that was as far as the discussioniwené.
MR. 'BURGRAFF: 'That's all we have at this time,
Your Honor.
THE ADMINISTRATIVE LAW JUDGE: Mr. Hall? i

MR. HALL: Just & second.

{Brief pause) -

FR—

RECROSS EXAMINATION

I
]
BY MR. HALL: !
' i
Q& Dr. Stutz? é
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A Tes.

Q With regard tc the Trinsis model?

A Yes.

Q That's a model that you now indicate that
you have us=d to check the A. D. Little daté, 1s that
correct?

A  What I indicated I do 1s precisely this.

I have information about energy usage in the commercial
gsector from a variety of sources. One source is the output
of this model. I do, in the course of selecting the data
to be put into the commercial sector, check 1t against
varlous sources. That Is one of them.

Q Is that a.model that: you have developed?

A No, 1t 1s not.

@ Who developed that?

A That, I belleve, was originally developed
by the California Energy Commisslon.

e How long ago Qas that?

A T would say about a year and a half ago.

Q Do you clte that anywher? in your testimony?

A No, I do not. '

Q Do you explain thls checkiné procedure anywhere
Iin your testlimony?

A I belleve I do. I don't indicate 1t 1in the

section deallng specifically wiih the electric intensities.
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The general procedure, however, is mentioned, oh, actually
it 1s related. Closely related and in the same subsections,
on page 86, we dlscuss the use of cross checking for our

" estimates on saturation.

f Q@ Where 1s this?
q A  This is on page 86, first paragraph.
MR. BURGRAFF: Once again, that 1z Exhiblt
Js-~-42
THE WITNESS: This is Exhibit JS-A4.
We talk about the commercial saturations in the first
sentence and we télk about referring to a variety of otﬁer
works in particular, here, to check on an assumption to make
concerning the saturation models.
Se I sald 1t does not refer directly to the
" intensitles, but in fact is a similar procedure as used in
all of our inputs.
BY MR. HALL:
Q It fefers only to saturatlon?
A That's what I salad.
g9 Would you agree that's conslderably different
than intensity? |
A Actually, they're very closely related in
terms of the way the model operates. -

q In terms of the_-intensities being the actual

b

W
i

kilowatt hours being used by the square fogtage and saturatién

L b I
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being the number of customers cor the number of square feet
whil~zh possess a certaln electric consumlneg appllance, 1is
tnat not correct?

A It 1s certalnly zorrect that they are different.

L Those are the different concepts that are
involved?

L That 1s certainly correct.

A3 You don't mean the Dubel, Mindel and Bloom
material, elther, do you?

A Mo, I don't.

n  Dr. Stutz, what was involved in the A. D. Little
report? These weren't flgures that they nicked off the wall
somewhere. They had to come from some study.

A Ne. Certainly 1t was not. What 1s involved
is thls. Thev developed the set of prototype structures for
which they assumed thermal integrity results, results on
degree of penetration, degres »f thelr transfer between the
interlor and exterior of the building. lichtine levels for
different mix of tasks.

In other words, all of the parameters that
one would need to describe the building from an engineering
gstandnoint. Once they have had these narameters, thev then
check the comruted bullding lonads ~preainst actual building

loads which ther had frorm places llke the Jack Faucet studles

or the FFA. Once that was completed, tney nad calibrated by




L]

Stutz-recross 2879

925a

weather and by section of the country, bullding loads.
They then used these as a basis for estimating commercilal
consumption by building category. That irnformation 1s then
transferred to BNL on the form you see.

Q I take 1t there were a number of Judgments
made in the compllation of this data and I helleve you
stated a number of assumptions made 1n the compllation of
thils data?

A That 1s certalinly true.

Q. Now, could you provide me with the source_of
company data that;you"used to cross Eheck these.energy
intensities?

A Certainly. The only item I was able to

¢cross check dlrectly 1s from the response to the Consumer

" Advocate question number 23 in which the company provides

information with respect to kilowatt hour per square foot
usage 1n 1984. 'This 1s the answer to 23-B-2. |

2} Now,.Have vou ever sSeen a copy of a written
document, Dr. Stutz, entitled the ADL Repnrt or the draft
report?

A I have seen written oupputrmemoranda through
Brookhaven which I was told 6riginated with ADIL.

0, But you, yourself, have never seen a full

copy of that report? i

A I don't think a full copy of the report in the

e ws o e mmemiam ame MERHBAL -, wANLMAL, pAL. - 37w, AGCEWICIIW AUFL. - WAREISBURG. PA, 13112 —— v e e —
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sende you mean the term exlsts. It is in bits and pleces.
Q Or have ever existed?
A As I say, blts and pleces exist in the form of
informal cormunicatlions.
1] But a full and final copy of the report or even
a full and final draft of the renort has never ever exlsted?
A I have not seen such a thing.
MR. HALL: ‘That 1s all that I have, Your Honor.
THE ADMINISTRATIVE LAW JUDGE: Thank you.
You are excused.

THE WITNESS: Thank you.

{Transeript continues on next page)
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Please state your name and your current position.

My name is Don M. Shakow. I am currently a Senior Economist for
Energy Systems Research Group, Inc. of Boston, Massachusetts, and

I am employed by Clark University, Worcester, Massachusetts, as

an Assistant Professor of Econcmics.

Would you please describe vour educational background?

I graduated from the Massachusetis Institute of Technology with a
Bachelor of Science degree in Humanities and Sciences. I hold a
Ph.D. degree in Economics from the University of California,
Berkeley.

Please describe your relevant work experience.

Over the past five vears I have done considerable research and have
acted often in a consultive capacity in.the areas of electric utiiity
systems planning, enerqgy usage and demand forecasting.

In 1975, as Senior Economist for Mathematical Sciences Northwest
of Bellevue, Washington, I directed a loads and resources forecasting
study for the City of Seattle entitled, "Energy 1990." This study
involved the construction of an econometrically estimated load
forecasting model coupled tc a financial funds-flow model which
determined future utilitv rates endcogenegusly. The study and a
subsequent two months of oral testimony which I presented before
the Seattle City Council was cited repeatedly as a decisive factor
in a decision by this body regarding the municipal system's supply
expansion program. The study was also cited and described at some
length in a recent report by the House Committee on Government

Operations entitled Nuclear Power Costs (Report No. 95-1090}.
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In 1976 I directed a regional all-energf demand study for the
Northwest Energy Policy Project. This study involved the development
of a large scale econometrically estimated model with major end-use
components describing future regional demands for electricity,
natural gas, petroleum products, and coal in the Pacific Northwest.

I have been called upon fregquently to evaluate load forecasts
and to provide estimates of the probable magnitude and direction
of forecast errcor. Over the past three years I have undertaken
evaluations for utility systems located in the Northeast, the
Midwest, California, and the Pacific Northwest.

I have also conducted simulations of a number of forecasting
models assessing the impact of conservation oriented scenarios on
future loads.

Within the past year I have twice acted as expert witness and
have submitted written testimony on the issue of load forecasting
methodology for the Federal Energy Regulatory Commission. . \

I have also maintained an active interest in other aspects
of electric utility system planning, most notably generation
expansion and reliability analysis. In conjunction with Energy
Systems Research Group, I have developed a prototype model which
assesses the social cost associated with alternative reserve margins
given a2 minimal cost, generation expansion scenario. This model has
already been applied in rate proceedings. I have also prepared a
study for the City of Seattle which compares the costs of underestimating
versus the costs of overestimating loads, assuming alternative lead-

times associated with the perception of forecasting error,

(2)
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What is the subject of your testimonv today?
My testimony concerns an independent analvsis of optimal generation
expansion plans and reliability criteria for the Philadelphia Electric
Company system, and an assessment of the current Company planning
strategy and its ;.robable impact on customer costs of electricity.
Please summarize your major conclusions.
The Philadelphia Electric Ccmpany (PECQ) has developed its constructicn
program based on methodologies which exhibit palpable biases. 1In
particular, outcomes are bicsed toward:
1. An excessive proportion of baseload relative to
cycling and peaking facilities;
2. Within the baseload category, a preponderant emphasis
on nuclear plants;
3. For the later years within its present planning
horizon, excessive levels of reserve capaﬁity.
These biases emerge when comparison is made between the PECO
construction program and an optimal generation expansion program
for PECO based on the criterion that the overall social cost of
generation be minimized.

As a consequence of these planning biases:

1. Electric rates are likely to be excessive if the PECO
construction program is implemented, relative to rates
under an optimal program.

2. 1In particular, ratepayers are being asked.to support the
construction costs associated with Limerick units 1 and
2, neither ¢f which would be built in a2 cost minimizing

construction program. Under a range of cautious assumptions

(3)
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on current and forecasted economic and technical parameters,

I find that the Limerick units, totaling 2100 Mw, are not

(8]

cost effective. Even assuming PECQO's own forecast of

[#Y]

demand growth ratas, I find that by 1992 only three small

e

5 300 Mw coal-fired units totaling 900 Mw are reguired in

6 the place of the two Limerick units, in addition to the 600
7 Mw of coal plants that PECO tentatively plans for 1992.

g 3. The reserve margins of 27-28% being advocated by the Company
g for the late 1980's are excessive, and are, moreover, not

i9 required to ensure reliable service. To achieve a partial
11 blackout reliability of less than one da& in ten vears
12 by 1987, reserve margins of 14-22% will likely be adequate.

13 2. What is the basis for these conclusions?

.4 A. These conclusions emerge on the basis of a model developed principally
15 by myself in conjunction with staff from Energy Systems Research

16 Group and Claik University.

17 Q. Could you please describe this model.

18 2»- Exhibit A describes the structure, methodology, and assumptions of

19 the model in detail. "~ The ESRG Electrical Systems Generation Expansion
20 . Model (ESGEM) attempts to locate an optimal generation mix for an

21 electrical supply system over a defined planning horizon. An annual
29 social cost, representing the least cost plant expansion seguence,

23 is calculated for a series of minimum reserve margins. The model

24 selects that seguence where the overall expected levelized cost

25 of generation is minimized under specified locad conditions.

26 The calculation of total social costs as a function of reserve,

> cnce plants have been selected, is performed by the dispatch,

(&)
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reliability, and production cost segments of the model. These
consider all facilities currently in operation, plants under
construction, "generic" supcly options ranging from nuclear to
combined cycle facilities, energy imports via existing interconnections,
and alternatives for controlled, mandatecry, and/or voluntary lead
curtailment. The model allows for present maintainance practices,
the possibility of random forced outages, and the possibility of
random variations in demand. In essence, the optimal sequence
reflects a correct balancing among capital costs, fuels costs,
curtailment costs, and purchased power costs. The model is, of
course, similar in some ruespects to generation pianning models used
by many utilities., Unfor=unately, I cannct compare it in detail
to the generation planning model actually used by PECO and the PJM
Power Pool to determine the PECO construction program, since the
Company refused to provide me with a description of this model through
discovery requests.

It should also be noted that for the purposes of this testimony,
the model was run only for target reserves of 6, 14, 22, and 30
percent. The optimal levals referred to below are, therefore, only
approximations to the actual optima. Some computer output from
sample runs can be seen in Exhibit C.
Is PECO's current generation expansicn plan economically rational
given its reliability criteria?
No, i1+ is not. I have calculated the expected social cost* of

generation for the vears 1981, 1987, and 1992 under the present

*
See definition under Table I

(5)




10
11

12

14

1le
17
18
19
20
21

22

24

25

27

933a

PECO expansion program and have compared them to costs implied by

our own obtimizations. Independently of the Company, I have selected
two sets of economic assumptions regarding fuel inflation rates,
interest rates, power plant costs, etc., which I believe bracket

the plausible range that these variables will have for the next

15 years. I have labeled these two sets of assumptions .the ESRG

LOW and the ESRG HIGH scenarios, which stand, respectively, for the
low and high extremes of the range of the ESRG inflation and cost
assumptions.

Even the ESRG LOW set of assumptions involves higher fuel and
power plant capital costs than the PECO assumptions, and are based
cn an inflation rate of 7.5% for the post-1981 period. The ESRG
HIGH set of assumptions consists, then, of still higher prices,
and is based on an inflation rate of 9% for the post-198l1 period.
All economic and technical parameters will be described in much
greater detail below. In comparison to the ESRG assumptions, the
Company's inflation forecast seems quite unrealistic, since they
predict that the rate of inflation will dropr suddenly to only 5%
after 1981, for the remainder of the planning horizon. '

When the ESRG model is run with either set of more realistic
economic assumptions, I find that the PECO plant cecnstruction program
is far from economically optimal, as can be seen in Table I. In all
runs the full capital costs of all plants are included. 1In order
to derive a single quantity as a basis for comparison, we have
extrapolated costs for each year from 1981 to 1992 to get the total
cost to the PECO customers of each scenario in 1979 dolliars for

the entire twelve-year period. The results are very clear and simple.

(6)
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TABLE I

COMPARISON OF TOTAL SOCIAL COST'
UNDER ALTERNATIVE FORECAST ASSUMPTIONS AND SUPPLY EXPANSION PLANS

. Plant Mixed Current
Forecast Assumption Construction Cost Dollars™™
Demand Cost Plan Year (10% 3) (10% 3)
PECO PECO PECO 1981 $ 739.7 $ 862.8
1987 940.3 1,740.3
1992 914.0 2,485.0
Total* 10,515.8 19,674.1
ESRG** ESRG-LOW PECO 1981 669.6 817.7
1987 1,077.6 2,395.4
1992 B31.1 3,043.3
Total* 106,881.0 24,842.¢6
PECO PECO ESRG 1981 665.4 776.1
1987 756 .0 1,399.3
1992 807.6 2,196.5
Total* 8,883.9 16,603.4
ESRG ESRG-LOW E3RG 1981 595.1 726.7
1387 577.7 1,284.0
1992 '542.9 1.988.2
Total* 6906.3 15,218.0

Real 1979

T Defined as total productioh and curtailment costs plus capital

cost of new plants (net of return and income taxes).

Based on yearly cost stream, unadjusted for inflation.

e
-t

* Interpolated cumulative totals, 1981-1992.

"** Ag presented in the testimony of John K. Stutz in this proceeding.

(7}
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A With the PECO plant construction program, using PECO's cost assumptions,
2 the social costs (as defined in Table I} to customers could be about
3 $10.5 billion 1979 dcllars, even without considering income taxes
4 and profits. -(See row #1 of Table I.) In contrast, we see from
5 row #4 that in the ESRG optimal construction program which excludes
6 Limerick, the social costs to PECO customers would be only $6.9 billion
7 1979 dollars, even though the ESRG capital and fuel prices levels
8 exceed Company forecasts, as we shall see in detail later in this
g testimony. In addition, from Row #3 we see that even with PECC's
10 own demand forecast and cost assumptions, the ESRG construction
11 program is considerably less expensive ($8.9 billion 1979 dollars)
12 than that of PECO. Thus, the remarkable conclusion that emerges is
13 that the ESRG construction program of only building small 300 Mw
24 coal units after Salem #2 is cheaper for PECO customers under both
15 ESRG cost and demand assumptions as well as under PECO cost and
16 demané assumptions, as long as full capital costs for Limerick are
17 included in the analysis.

18 Q. Is it not prudent to ensure against the possible incidence of
19 unanticipated massive electrical supply shortfalls by the construction
20 . of what the Ccmpanf proposes as sufficient generation capability?

21 A. The selection of a generatianmix and an associated level of revenues

22 can be likened to the purchase of an insurance policy. The rational

23 consumer optimizes by balancing the cost of insurance in the form

74 of premiums to the risks of casualty loss. Our calculations show

25 that the economic risks in the form of social costs of curtailment
. 26 associated with insufficient generation are relatively insubstantial

= as compared to the massive fixed obligations incurred as a conseguence

(8)
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of overexpansion. PECO is, in effect, vastly overinsuring the
ratepaving public through its capacity expansion program. This is
illustrated in Table II which shows the fuel, O & M, curtailment,

and incremental capital costs for a sample scenario. This table

shows that the dominating factors in the aggregation of total social
cost are capital and fuel costs, respectively. Costs associated with
curtailment reflecting the risks of under capacity are relatively
minor, and in fact are probably overestimated, as will be discussed
below.

How sensitive are model ontcomes with respect to blackout costs?

The generation mix which is optimal at a given regerve margin will

be unaffected by changes in blackout costs because curtailment opticns
are not included as supply options for generation planning in Module
#l. Moreover, my computer analysis shows that the optimal reserve margin
for PECO will be relatively insensitiva to this parameter. This is
shown in Table III where the total social cost of generation is
calculated assuming a bla:koﬁt cost of $5.00/Kwh and $2.50/Kwh,
respectively. For each of the two test vears, the optimal reserve

margin remains approximately the same despite the decrease in the

.blackout cest parameter.

How were the per Kwh costs of blackouts estimated?

I undertock a thorough review of recent studies in which the social
costs of energy unserved was estimated. The results of these studies
range from $1.23 Kwh (Telson, 1973) and $1.27 (1985 $) (Kaufman, 1975),
to $1.00/Kwh (SRI,1977; EPRI, 1978). However, verv recent studies
indicate that the costs ¢f catastrophic blackouts exceed these

estimates by a factor of as much as 2 or 3 (e.g., Corwin, 1978). For

(9)



TABLE II

A SAMPLE BREARKDOWN OF COSTS*

BASED ON ESRG LOAD AND PLANT COST ASSUMPTIONS

Cost Factor

1981

1587

1992

937a

{Costs in millions of levelized 1979 dollars)

Fuel

Variable O & M
Carry Charges
Incremental Capital
Imports

Curtailment

Total

Source: ESRG Model

* Based on reserve margin of 14%.

314
46
69

143

576

(10)

277
46
8l

6l

g5

3

563

263
42
73
37

120

539
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TABLE III

SENSITIVITY OF MODEL RESULTS TO BLACKOUT COSTS
{SOCIAL COSTS* IN MILLIONS OF 197% DOLLARS)

Reserve Blackout Years

Margin Cost 1981 1987
6% High 622.2 571.6
) Low {603.2) (563.0)

14% High 576.4 563.2
Low (574.6) (561.7)
22% Higk © 576.9 . 555.7
Low (576.4) (555.6)

30% High 587.0 575.0
Low {S87.0) {574.86)

* Estimates are based on ESRG load forecast and ESRG-LOW plant
cost forecast.

(11)
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this reason, we haye chosen the highly conserQative value of $5.00/Kwh
in our base case. It should be noted that the incidence of catastrophic
blackouts is extremely rare.and is mést often caused by inadequacies

in transmission and distribution rather than generation plant.

Zpart from the issue of outage costs and reliability, aren't high
reserve margins justified as a means of displacing high cost oil
facilities with lower cost ccal and nuclear plants?

This is a gquestion over which there exists a great deal of confusion
even among active professionals. Basically, it is incorrect to view

the issue of oil displacement savings within a reliability context.

This means that changing the reserve margin to improve reliability
for an optimal set of generating plants, will generally not affect
the economics and thus the desirability of building new plants for oil
substitution purposes. These two goals are, in general, quite
independent. - The persistence of opinion to the contrary within the
utility industry has led to much of this confusion.

Given a specific load configuration for some year in the future,
results from the ESRG model indicate that there are no conceivable

circumstances where it is economical to employ a baseload plant only

‘for the purpose of achieving higher reserve margins. Instead, there

exists an optimal configuration of baseload plants that will he
employed at any target level of reliability. Higher reliabilitity
target levels lead, in fact, to the introduction of increased numbers
of peaking rather than basgeload facilities. These results, of course,
are quite logical since only the amount of baseload should determine

the economic tradeoffs of baseload fuel switching.

(12)
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Thus, more concretely, our medel suggests that under most of the
lpad and cost assumptions considered here, baselcocad demand is
coptimally served through the 1980's bv the combination of the nearly
completed Salem #2 facilityy and the introduction of several medium-
sized coal burning facilities. At higher levels of reserve, the
retirements of older oil-fired facilities are postponed and in later
years some additional oil-fired combustion turbines are introduced.

These results (summarized in Table 4) show that the question of
cil displacement is, indeed, indepeqdent of the issue of optimal
reserve margins. It is correct that given rapidly rising oil prices
{as well as naticnal security consideration), baséload oil-fired
plants should not be employed. This is demconstrated by the ESRG
base case in 1990 for a 6% reserve margin, where large-size oil-fired
facilities such as Eddystone units 3 & 4 show capacity factors of
4.8% and 6.9%, respectively, while coal-fired facilities =-- e.qg.,
Eddystone units 1 & 2, and the two new generic coal units are all
baseloaded.

Thus, the imposition of higher reserve reguirements in no way
alters the optimal baselocad configuration. It merely affects the
retirement dates for oil-fired units. In fact, at 30% reserve, a
host of older oil-fired units are re—introduced into the optimal
supply configuration, whereas at lower reserve margins they would have
been retired. The optimal reserve margin is thus determined on the
basis of a tradeoff between the costs of curtailment on the one
hand, and the capital costs and carrying charges of o0ld oil units

and new peaking plants on the other.

(13)
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INCLUSION OF SELECTED PLANTS IN THE 1990 OPTIMAL PLANT MIX*

( ”n YES n

TABLE IV

AS A PUNCTION QOF RESERVE MARGIN
indicates that the plant enters the optimal

mix at the specified reserve; "NO" indicates that
the plant is excluded from that mix.)

Plant

Cromby 2
Salem 3

Richmond 91

Eddystone 1
Eddystone 2
Limerick 1
Limerick 2
Geﬁeric Coal

Generic Nuclear

* Based on ESRG

Rated RESERVE MARGIN
Capacity 6% 143 22% 30%
(MW)
183 NO NO NO YES
16 NO NO YES YES
51 NO YES YES YES
381 YES YES YES YES
311 YES YES YES YES
1055 NO NO NO NO
1055 NC NO NO NO

300 YES YES YES YES
1200 NO NO NO NO

load Forecast and ESRG~LOW plant cost Forecast.

(1%4)
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Please comment on responses that are available to PECQ to alleviate
situations of supply-demand imbalance, other than generation expansion.
A result demonstrated by cur model is that cptimal reliability levels
are determined by a ccmparison between the costs of curtailment and

the costs of facilities likely to be brought into service on peak.

In analvzing curtailment costs, it is essential to distinguish

between major loss-of-loac events and episcdes of shortfall which

do not result in widesprezd blackouts. The model, for example,
disaggregates eight distinct curtailment regimes cther than blackouts
(noted in exhibit A) ranging from emergency imports to voltage reductions.
A majority of these involve some limited curtailmént of service and/or
a reduction in the quality of service.

While these options are decidedly inferior to that of continuous
high quality service, their occasional use need not be uncritically
avoided. 1In fact, the ultimate judgment concerning such "soft-curtailment
alternatives depends heavily on the costs imputed to these options. There
is reason to believe that these costs £fall considerably short of costs
associated with massive blackouts. Costs of emergencv power, for
example, range about 10% above the operating costs of peéking plants.
Controlled service loads for residential hot water heaters and
interruptable contracts impose costs of a similar order of magnitude,
insofar as the costs of transferring energy from on-peak to off-peak
periods are minor.

In our model we have assumed that all curtailment options short
of blackouts exhibit costs ranging from $.10 to $.20 per Kwh, as
compared to $5.00/XKwh for blackouts. As a consequence, any increase

in the availability of suzh "soft" curtailment options results in a

(15)
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significant reduction in the overall costs of curtailment relative
to blackouts, and hence, a reduction in the cost minimizing reserve
margin. In Table VvV, for example, we show that an increase in the
availability of emergency imports by 1000 Mw results in a significant
reduction in outage costs and hence in the optimal reserve margin.
At a 6% reserve margin, for example, the total social cost of the
curtailment options only in 1987 {(discounted to 1979 dollars) eguals
$27.7 million for the normal import situation as compared to $.53
million in 1990 in the presence of additional impert availability. (All
results assume ESRG-LOW cost escalation assumptions.) A similar result
holds for increased availability of curtailment options other than
emergency imports, but short of partial and rotating blackouts.
Ih general, are there additional means of lowering reserve reguirements
aside from increasing the availability of curtailment options?
One promising approach is expansion in‘the range of centrally dispatched
powér pools. A study undertaken for the California Energy Resources
Conservation and Development Commission showed that under full coordina-
tion of all california ﬁtilities within the framework of a power pooling
arrangement and subject to the logs-of-load probability (LOLP) criterion
of one day in ten years the necessary reserve margin dropped to 15%,
as compared to target margins presently as high as 30.4% in zbsence
of a power pool (Kahn, 1977).

PECO is a member of the PJM pool and thus benefits from enhanced
system reliability at lower reserve margins as a result of this
relationship. The possibility of additional benefits over present

arrangements has not been explored in this study.

(16)
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COMPARISON OF QUTAGE AND SOCIAL COSTS*
USING NORMAI AND HIGH IMPORT ASSUMPTIONS
(Millions of 1979 dollars)

Reserve Margin:
Year:

Import Assumption:
Outage Cost:

Total Social Cost:

* Based on ESRG load Forwecast and ESRG-LOW plant cost

TABLE V

6%
1987 1390
Normal High

17.2 .4

571.6 540.7

(17)

l4s
1987 1990
Normal High
3.0 .01

563.2 550.8

22%
1987 1990
Normal High

.8 -

555.7 555.9

Forecast.
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Please summarize your position regarding the.necessity of PECO's
capacity expansion program from the standpoint of system reliability.
PECQO's expansion program envisages expansion almost entirely in

terms of baseload capacity. My results show that additional baseload
capacity is not essential to ensure reliability. For all scenarios
explored by the Model, baseload units are employed at capacity factors
which are wvirtually unchanged under LOLP's ranging from zeroc to

50.8 days in ten years. These results obtained even for scenarios
defined entirely on the basis of PECO planning assumptions.

The baseload mix indicated by the model at low. target levels
of reliability did not alter as reliability targets were lncreased.

I conclude that PECO's construction program will have no
positive impact on reliability. Any possible justifications for this
program must be evaluated solely on the basis of generation ccst.

Does the PECQO capacity expansion program represent a Least Cost
supply option?

No. In my opinion, based on the ESRG Forecast, the Least Cost
plant configuration over the 1980's would warrant the introduction

of two 300 Mw ccal units, the retention of Salem unit #2, and the

. cancellation of Limerick units #'s 1 and 2. Under an LOLP constraint

of .2 days in ten years this would imply no retirement among facilities
presently in operation. Less stringent reliabilitv (e.g., 6-8 days

in ten years) would imply retirement of a limited number of existing
peaking facilities. (If PECO's own forecast of demand growth had been

assumed, an additional 900 Mw of baseload coal would be required,

as we shall see.)

(18)
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How sensitive are these results to the underlying assumptions of

the model? '

The general tenor of these conclusions obtain for scenarios reflecting
a wide range of assumptions. However, two exceptions to this assertion
should be noted.

By ESRG "Base Case," we mean henceforth that PECCO load growth
occurs at a rat< determined by the ESRG locad forecasting model and
that plant cost assumptions are derived from the ESRG LOW cost case.

Additional assumptions necessary for the application of the
ESRG Base Case are as follows:

1. Load is assumed to grow at a constant rate with no

change in the shape of the original (1978) PECO load
curve.

2. Assignments of capacity are made on the basis of discrete

plant units for periods of no less than one year,

For this Base Case, the'optimal plant mix calculated by the
model implies only two new facilities: two 300 Mw coal plants. Table
VIsummarizes outcomes under varying locad growth and cost assumptiéns.

Load growth assumptions affect primarily the total capacity

. of coal units brought on line. Major qualitative differences in

model outcomes lie in the cost assumptions. Where PECO cost-escalation
rates are agssumed and capital is wvalued onlv at the incremental

{future) ceost for plant construction, the model indicates the intro-
duction of Limerick units #'s 1 and 2. This we shall term the PECO

Planning Case. Otherwise, Limerick units are never introduced.

(19)
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TABLE VI

OPTIMAL 1992 BASELCAD PLANT CONFIGURATION UNDER ALTERNATIVE ASSUMPTIONS

; Load Optimal Optimal
Case # Growth Plant Cost Capital Cost New Capacity Reserve Margin
(Approximate Ran

1 PECO PECO Full 2400 Mw,Coal* 14 - 22%
2% PECO PECO Incremental Limerick #1
. Limerick #2 30%
600 Mw, Coal

3 PECO ESRG-HIGH Full 1500 My, Coal 14 - 22%
4 ESRG ESRG-LOW Full 600 Mw, Coal 14 - 22%
5 PECO ESRG-LOW Full 1500 Mw, Coal 14 - 22%
6 PECO  ESRG~LOW Incremental 1500 Mw, Coal 14 - 22%
7+f ESRG ESRG-LOW Incremental 600 Mw, Ccal 14 — 22%
8 ESRG PECO Incremental Limerick #1 30% ‘

Limerick 42

Source: ESRG Model

* All coal units listed in this column are 300 Mw units.

+ PECO Planning Case

TT Base Case

(20)
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Does this suggest that |the economic justification for the entire
Limerick project hinges cn the merits of using the incremental
cost assumption? ‘

No. Again, the model only outputs the Limerick facilities when
|

it is assumed - both tﬁat incremental rather than total costs are
the appropriate measure @nd that PECO's cost escalation assumptions
are valid. In addition, all ESRG scenarios assume that a realistic
capacity factor for new ruuclear plants is .6, in contrast té the
PECO assumption of .7.
Could you comment further on the use of incremental versus total
cost in assessing the cosit-competitiveness of the Limerick units?
First of all, the use of incremental rather than full costs implies
among other things that the assignment or cancellation of a plant
under construction would not result in any credits applied to construc-
tion costs already expended. 1In the case of capacity assignments
this is clearly untrue,. Thé assignee would undoubtedly compensate
PECO for part of or more likely all costs of construction. In
addition, cancellations would imply book losses which could be
applied against expenditures in the form of tax credits. Thus, for
plants under construction, the application of full rather than
incremental cost is a more realistic, more informative assumption
in that it reflects the total cost of those plants to PECO customers.
The PECO plant cost assumptions are described in detail later.
Here, I would like to strass that one of the primarv differences

with ESRG assumptions is in future nuclear capital costs. As I will

‘indicate , the Company assumptions are, in my judgement, optimistic.

(21la)
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3 '

ﬁow does the ESRG model deal with the possibility of limited term
assignments of energy, that is, firm energy sales?

The ESRG model can accommodate a variety of specificationsin regard
to plant assignments. In the first place, it can assess the costs

of a specific supply expansion plan, including assignments. For
example, it can make a cost comparison between the case where a given
assignment is made to the alternative case where it is not. This
involves a decoupling of the optimal generation module (Module I,

in Exhibit A) from the dispatching segment of the model.

Furthermore, the model can assess the status of assignments
under conditions where a vigorous market for energy imports and
exports is available. Under these circumstances, the optimal
generation module selects for each year the optimal megawattage
appropriate to a given technology within a continucus band bcunded
only by plant capacity. (This upper bound would reflect the case
when PECO retained the entire capacity of the plant for its own
use).

Finally, we can assess the desirability of "lumpy" assignments
by assuming that capital costs include both incremental costs and
costs expended plus a penalty for foregoing any potential profits
that the utility can anticipate as a result of assignment. Under
these assumptions, where the optimal generationmodule excludes such
plants from the mix, the implication is that assignment is preferred
to the retention of the plant for the year in question.

Can the proposed assignment of Salem II to GPU for the years 1980-84

be assessed within this framework?

(21b)
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Yes. Under the assumption that GPU pays for the assigned capacity

on the basis of the full cost of generation, the model indicates that
Salem II should nevertheless be retained by PECO for the years 1981-
85. Where the price payed exceeds full generation cost, the
assignment may he expedient from the PECO standpoint.

We have also compared the social costs of generation under the
current PECO =supply plan to the alternative where the only change
relative to the PECO plarn is that the assignment of Salem II is
excluded, i.e., all 474 Mw are retained by PECO. Table VII indicates
a comparison of these twﬁ cases. Under these assumptions, the
assignment of PECO cannot be recommended, as the social cost under
assignment exceeds that of no assignment for each of the years
1981-85. It should be noted, however, that this table reflects
a comparison of two sub-optimdl cases.

How would optimal social costs be affected by a moratorium on the
completion of all nuclear plants under construction?

Under the ESRG Base Case, the optimal generation expansicn plan
excludes Limerick units I and II. Thus, a moratorium on nuclear

constructicn would have no effect on optimal costs.

. Does the above conclusion apply to a moratorium on the operation

of existing plants?

No. Salem units 1 and 2, for example, both enter the optimal

mix. Their peremptory exclusion from the mix would raise generation
costs. This is due to the presence of rapid escalation in the
capital costs associated with any new (coal) plants as compared to

the embedded cost of existing (nuclear) plants whose constructicn

- costs had not been as héavily inflated.

(22)




Year
1981
1982
1983

1948

Source:

TABLE VII

A COMPARISON QOF THE SOCIAL COSTS OF SALEM IT
ASSIGNMENT RELATIVE TO THE NO ASSIGNMENT CPTION UNDER
THE ASSUMPTICON OF COMPENSATION AT COST
(In Millions of 1979 Dollars)

Assignment . No Assignment
735.0 717.0
810.4 750.2
847.2 796.5
891.9 _ g46.1
ESRG Model
(23)
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' Given PECO cost assumptions, for Salem Il energy, the cost
penalty of such a moratorium in 1987, say, would amcunt to roughly
36 mills/kwh and would incur additional expenses for PECO (and
ultimately the PECO consumer) in the neighborhood of $100 million
per ¥ear.

Assuming that the ESRG rather than the PECO load forecasts are
realized, would this imply a delay in the optimal on-line dates
of Limerick units #1 and #2?

We have not identified any circumstances which would warrant a

-construction delay for Limerick units #1 and #2. As noted above, the

introduction of the Limerick units is senéitive primarily to
generation cost rather than to load growth assumptions. Under PECO
cost assumptions the Limerick units are warranted at their earliest
possible‘on-line dates. This applies to rates of load growth ranging
from the ESRG base case to the PECO case. However, under the entire
range of ESRG cost assumptions, a cancellation of the units, not a
delay, is warranted as they do not enter the optimal mix at least
through 199%2.

Please comment on the relative magnitude of baselcad versus peaking
facilities in the present PECO supply plan.

Our model suggests an unjustifiablé preponderance of baseload plants
in the PECO projected mix. Under the ESRG Base Case forecast and the
ESRG LOW cost scenario, the optimal mix incorporates all existing
baseload plants plus 600 megawatts of coal. The PECO mix by contrast

includes 2110 Mw of additional (nuclear) baseload. The effect of

.this additional baseload -is to force the operation of non-nuclear

baseload plants at capacity factors which are inappropriately low.

(24)
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This implies the presence of substantial idlé baseload capacity.

Since the fixed costs of baselcad are high relative to those of peaking
capacity, this situation implies that the utility incurs unnecessary
costs. Table VIII illustrates the existence of idle non-nuclear
baseload capacity in the PECC case, where costs are accounted in

full. The 600 Mw of coal which are brought on line in 1992 to
supplement Limerick units 1 and 2 are operated only 41.4% of the time.
In no case do capacity factors exceed even 60% for these nen-nuclear
baselocad plants.

Can you estimate the cost impacts of this overemphasis on baseload

by comparing expected costs for the PECO plan as compared to those of
the optimal expansion plan?

Excessive baseload is likely to engender severe cost impacts. For
example, estimated social costs for the PECO expansion case total
53043.3 million in 1992 (current dollars). In the optimal expansion
case, at an equivalent level of reliability, costs total $2006.1
million, a discrepancy in current 1992 dollars of over one billion
dollars. 1Idle baseload plant imposes costs of considerable .magnitude

indeed.

- Please comment on projected PECO reserve margins.

PECO anticipateg reserve margins for the late 1980's of the order

of 27-28%. Our model indicates that under the very unrealistic

PECC Planning Case, 30% reserve margins are in fact optimal (note

case #'s 2 and 8 in Table VI). In other words, given PECO's assumptions,
including that of incremental capital costs, PECO's anticipated

reserves are consistent with optimal reserves calculated by the ESGEM

Model relative to a social cost minimizing objective. As noted,

(25)
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TAELE VIII

1992 CAPACITY FACTORS:
VERSUS OPTIMAL EXPANSION*

Plant

Limerick 1
Limerick 2
Salem 1

Salem 2

Peach Bottom 2

Peach Bottom 3

wmErHEHOAOC=E 202

OrOrH0nPrw

Generic Ceoal
EddyStone‘l
Eddystone 2
Delaware 7
Delaﬁare 8
Schuylkill 1
Conemaugh 1
Conemaugh 2
Keystone 1

Keystone 2

Capacity

1055
1055
468
474
447
439
600
301
311
126
124
158
176
176
179

179

PECC SUPPLY EXPANSICN

Capacity Factor:
Optimal Expansion
(%)

N.A.
N.A.
68.8
58.7
69.4
69.4
80.6
58.7
61.3
75.1
8l.2
68.6

60.2

Capacity Factor:
PECO Expansion
(%)

57.8
57.9
67.7
59.3
68.3
68.6
41.4°
44.2
25.0
19.4
22.9
22.3
56.7
55.3
56.3

56.4

* The latter assumes ESRG load growth and ESRG cost scenario.

(26)




22
23
24
25
26

al

955a

ﬁowever, we believe PECO's assumptions lie outside the reasconable
range of expectation, both in regard to load growth and in regard to
plant cost and performance. If, instead of PECO's demand growth
rates,6 we introduce the ESRG load forecast together with the PECO
construction program, the reserve margin for 199%2 would be 52.4%.
This compares to an optimal target reserve level of 14% in the ESRG
Base Case. 1In other words, there is likely to be a discrepancy

of over 30% between the optimal reserve margin target and the
realized margin.

You have established that an increase in baselocad capacity will not
enhance the reliability of the system in a cost effective way. But
what of reliability in general? An electric utility has a legal
mandate to provide customers with service of a high and consistent
gquality. Does your model and the results it implies take sufficient
account of this objective? Does it monitor reliability?

Most definitely. There exist a number of alternative methodologies
current in the industry to ensure technical reliability in an
electrical supply system: 1) the contingency outage, reserve

criteria (e.g., a requirement that the gystem have sufficient reserve

"to meet load in the event that the largest unit in the system

experiences outage), 2) the capacity reserve percentage, i.e., the prior

specification of a reserve margin, and 3) the LOLP (Loss of Load

Probability) method, which specifies a reserve margin, such that the

probability of shortfall not exceed a given value (see Kaufmann, 1979).

There is a virtual consensus among workers in this area that
among these alternatives only the LOLP method is analytically

consistent. For example, consider a system with peak load of 1000 Mw

(27)
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and a supply system consisting of a sinéle facility, a baseload unit
of 3000 Mw. The LOLP in this case is egual to the outage rate for
this facility, say 1,000 days in ten vears, well in excess of even the
most lax of standards. However, the reserve margin is 200%, which would
normally be considered very high. This example, while exaggerated,
is not altogether fanciful as utilities become increasingly baseloadéd
and the size of individual units continues to increase. It shows,
moreover, that the reserve margin is in itself not a reliable indicator
of reliabilitf. Some quantitative measure of the risk of shortfall
must be imposed so as to imply a lower bound on the level of reserve.
Thiswill be dependent on the remaining supply configuration and its
performance characteristics.

Recently, the LOLP method has been generalized (e.g., Shoengold,

1978) in the form of excess capacity analysis. This method specifies

a continuous probability function which associates a probability with
each level of capacity shortfall or excess.. The traditional LOLP occurs
as a ;single value of this function corresponding to a level of

capacity excess equal to maximum import availability.

'The ESRG model has been developed to calculate the probability

.function referred to above., This is necessary in light of ambiguity

surrounding the LOLP concept. As noted, LOLP has been traditicnally
employed to monitor the probability of lead in excess of capacity. plus
imports, i.e., the probability of service interruptions, lecad control,
voltage reduction and blackouts. In fact, though,we have determined
that curtailment responses can be disaggregated into two very different

categories: 1. "Soft" curtailment" regimes, with associated costs

.in the neighborhood of $.10-$.20/Kwh at most: and 2. blackouts, either

(28)
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controlled or uncontrolled, with costs in excess of $.50/Kwh and
in our very conservative Base Case assumptions, $5.00/Kwh.

From the economic standpoint, the objective of reliable service
should focus on the probability of blackouts, rather than on the
probability of curtailment in general.

For this reason, we have specified for each scenario in our
model three different values of the excess capacity probability
distribution.

I. The probability of curtailment overall.
II. The probability of blackouts.

III. The probability of system-wide blackouts.

In my view, the most appropriate single measure of technical
reliability is II, rather than I.

The implications of this revised reliability parameter or index
are very great. Table IX shows reserve levels implied by each of |
these two measures. The use of the revised criterion results in
re;erve levels approximately 8% less than those implied by the tradi-
tional "one-day-in-ten-years" LOLP criterion.

In summary, the ESRG model monitors reliability through the
calculation of an excess capacity probability function. This enables
it to explore alternative reliability criteria more suitable to the
assessment of the genuine risks of system failure, as compared to
traditional LOLP analysis.

Can you recommend a particular reserve margin for PECO based
on this medified LOLP procedure?

The procedure described above pertains exclusively to technical

reliability. The major focus in our model is on economic rather than

(29)
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TABLE IX

RESERVE LEVEL SUFFICIENT
RELIABILITY LEVELS AT

ESRG Base

Traditional LOLP
{(Probability of cur-
tailment) 1 day in

ten years

1981 30%
1987 22%
1992 22%

PECQ Cost and Load G

1381 30%
1987 30%
1982 22%

* This is a consequence of historic

(30}

TO MEET DESIGNATED
FULL COST

Case

Revised Criterion
(Probability of
Blackouts)
1 day in ten years
22%
22%

14%

rowth Assumptions

22%
14%

14%

overexpansion.

Social Cost
Minimization
Criterion
l4%

22%

l4g

30%*
l4s

l4g
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technical reliability. In other words, the objective in our model is
to choose a level of reserve, so as to balance optimally the costs of
curtailment and blackouts with the costs of additional capacity.
Curtailment and blackouts are not considered negative rper se in the
Model, but are undesirable only insofar as they impose substantial
costs on society at large.

A technical criterion such as LOLP, or the proposed modified
LOLP, constrains the probability of blackout with reference to a
fixed probability criterion, without considering economic consegquences.
Implicitly, therefore, this method assumes that socially desirable
outcomes can be identified purely on the basis of a technical
probabilistic analysis.

Preliminary investigation suggests that this assumption is
invalid. Referring back to Table IX, it is clear that significant
differences exist between outcomes using, say, traditional LOLP
and cost minimization criteria. This demcnstrates the inadequacy
of purely technical solutions to this problem. Just as the
designation of a reserve margin a priori is an inadequate characteri—

zation of the probability of system failure, the a priori specification

. of a probakility constraint neglects to incorporate the social cost

dimension and is, thus, in the last analysis just as arbitrary as

the reserve margin criterion, albeit more andlytically precise,

What are the implications of this discussion in assessing operative
and anticipated PECO reserve margins?

As noted above, PECQO margins of 25-30% only appear justified from the

standpoint of social cost minimization assuming:
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1. that consideration is made only of incremental rather

than full costs of capital for Salem unit #2 and for
Limerick units #1 and #2,
2. that PECO forecasts are assured, and
3. that PECO cost and plant performance assumptions are
employed.
The issue in regard to my conclusions about the PECO reserve margins is

not one of methodology, however, since the results from dur model largely

support the PECO supply plan under the PECO Planning Case, including

the choice of-reserve margins. My disagreement is primarily with the
adequaéy of these assumptions. When the assumptions are altered, the
optimal reserve margins are reduced substantially from the 25-30%
range to 12-20%. -

In other words, PECO reserve marginsg are excessive because of the
inadequacy of the Company planning assuﬁptions, not necessarily because
of its analytical procedures. The biases introduced intc the reserve
margin analysis are a consequence of these faulty assumptions.

What are the likely consequences of load control and load management

procedures for reliability and social costs?

- For .a fixed reserve margin, both load management (i.e., policies

designed to raise the load factor assuming a fixed energy constraint)
and load control (i.e., measures to clip peaks above a specified level
of load) are likely to have a fawvorable impact on costs. Both measures
may result in a significant reduction in peak load. Insofar as reguired
capacity 1s defined as @eak Load)x {1+ reserve margin), the costs of

fixed generation are reduced relative teo the reduction in peak load.
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However, these measures are, in fact, also likely to have an
unfavorable impact on reserve margins. Consider, for instance,
the case of a perfectly flat load (100.0% locad factor). Note that
any incidence of shortfall, at any hour of theyear, will require
reserve capacity so as to forestall curtailment. For a more typical
system, reserve is required in practice only during peak hours, which
represent a relatively small proportion of total hours. Thus, the
reserve requirements under a regime ¢f load management and load
control are likely to be greater than under a more typical load regime.
This offsets to some degree the savings engendered by load management
and/or control.

There is, moreover, a further circumstance whose effects may
be still more unfavorable to these options. A flat load shape implies
an coptimal mix weighted heavily in favor of base load, relative to
peaking capacity. This would imply the early retirement of many of
PECQO's existing generators and the construction of new baseload.
However, given the cost of baseload under the escalation assumptions
suggested by the EsRG cost scenarios, the overall generation costs

associated with this modified load shape may be almost as high as would

. be the case with no change in the load shape. On balance, therefore,

the net impact of load management/control is not certain to be cost
effective, when account is taken of the costs of program implementation
or the other social costs of load shifting. Thus, "peak-clip-valley
fill" in particular might not result in a net decrease in social cost.
But the key fact for the PECO system is that, as we have shown, the
LOLP for blackouts under an optimal construction program is guite low.

Thus, probably first consideration for improving reliability should

(33)
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be given to implementing additiconal active load control technologies,

e.g., ripple controlled commercial air-conditioning. (See Table IX.)
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Would you please explain the sources and bases for your selection
of input assumptions and parameters for the generation expansion,
dispatch reliability and social cost analyses you have performed
with the ESGEN model in this case?

The general approach was to use Company data when this was made
available to us. Where there were gaps in this data, I warked
with the ESRG staff of scientists to perform calculations, review
the industry literature, and make estimates of the relevant para-
meters.

For parameters assocliated with the future (e.g., costs, and
technical and performance characteristics of new generation options)
estimates were made bhased upon industry experience, industry and
related literature, and ESRG staff expertise. Future trends
(e.g. locad growths, costs, inflation rates, cost escalation rates)
were handled by establishing scenarics. The PECQO scenario embodies
all of the Company's assumptions. The ESRG LOW and ESRGC EIGH
scenarios embody ESRG estimates regarding future cost
and load trends. Estimates of the magnitude and costs of the
variocus curtailment regimes were based upon examination of the PECO

system and review of the recent literature.

In general, my own estimates of various parameters were made
conservatively. Various sensitivity analyses were performed.
How was the load data used in your analyses obtained?
The detailed hourly locads on the PECO system for the year 1978
was obtained from the Company and used as the basis for my analyses.

What were the ESRG load growth assumptions?

These were obtained from the detailed analyses performed by ESRG staff

in this case (see TeStimony of John Stutz , R,I.D.B-79060869. These

(35)



were approximately 1.3 percent per year from 1978 to 1992, During

the same period PECO forecasts about 2.7 percent Per year.

Would you please provide more detail regarding your input
asgumptions?

Most of these are tabulateﬁ in the Table in Exhibit pg-pB .

It would probably be useful to explain the various sets of assumptions
séparately,

Please describe your assumptions regarding the available supply
options for the PECO System, their forced outage rates, and

their capacity factors.

The supply options consist of all existing plants expected to be
on-line by 1981 (including Salem 2, and excluding Cromby 5 and 6)
according to Attachment I-B-4 of a Company document in this
proceeding (Ref. 8 ) plus the Limerick 1 and 2 plants, and
generic new supply options including 1200 Mw nuclear units, 300 Mw,
600 Mw and 1000 Mw coal units, 300 Mw oil cycling units, 400

Mw coal combined cycling units, and combustion turbinés.ihisizes_of
miltiples of 10 Mw.

The units' capacities have been obtained from various Company
documents (including Company Exhibit VSB-1). For all units the
capacity assigned was the summer rated capacity. This embodies
conservatism since rated capacity can be expected to be higher during
the rest of the year. Forced ocutage rates (FOUTR in Exhibit DS-B )
were obtained from the Company (Attachment I-B-4 in Ref. 8),

Forced outage rates for new units were developed by comparison with
those of existing PECC units and by examination of the literature

and industry experience (e.g., Refs. 9,10, 11 ),
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The variable CAPFAC in Exhibit DS=B  is used in two wavs
in the ESGEN program, as discussed in Exhibit DS-A . In the
capacity expansion mecdule (Module .I), CAPFAC is used as the
expected annual capacity factor for each unit in order to compare
expected costs for ranking. In the dispatch module (Module II)
only the CAPFAC for hydro units is inwvoked, and there -
in order to conform to the Comapny's expected hydro
operation. The expected capacity factor for all existing
steam~electric units is obtained by subtracting the sum of forced
and planned ocutage rates from 100 percent. For combustion turbines
we have chosen 30 percent for CAPFAC based upon ﬁSRG's discussions
with various utilities in work for the Department of Energy

{Ref. 12 ) and familiarity in previous work with utility

operations. For hydro units (Muddy Run and Conowingo) CAPFAC was estima

on the basis of actual usage of these facilities according to Company

data. For new units (Salem 2, Limerick, and the generic supply

options) CAPFAC was estimated based upon a review of the literature and

industry experience. The large coal facilities were assumed to
have CAPFAC's of 75 percent and 70 percent for 600 Mw and 1000 Mw
units, respectively. EPRI (Ref. 9 ) has estimated 73 percent
for 800 Mw coal units {with scrubbers). Our choice brackets this
estimate, thus taking into accoun£ in a modest way the relative‘
advantage of smaller units (see, e.q., Refs.10,13,14). For 300 Mw
coal units we assume an additional advantage in an 80 percent

expected capacity factor. New combustion turbines were assumed to
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have a CAPFAC of 30 percent. New o0il cycling plants were assumed
to have expected capacity factors of 85 percent (EPRI in Ref. 9
assumes 84 percent), and new coal combined cycle plants were
assumed to have expected capacity facters of 80 percent (EPRIT
in Ref. 9 assumes 80 percent).

The remaining CAPFAC to be discussed is that assumed for
new nuclear units (Salem 2, Limerick, and new generics). The
Company has assumed 70 percent capacity factors for its new nuclear
units. Recent research, including my own, in the area of nuclear
power plant capacity factors leads me to conclude that this
is an insupportably optimistic assumption for large nuclear plants,
especially BWR's. I have chosen 60 percent to represent nuclear
plant capacity factors. In my judgement, this is a reasonably
conservative estimate, given my study of the experienced operating
behavior of nuclear power plants as a function of size, type,
manufacturer aniaother characterists (Ref. 15 }. In the research
(Refs. 15 .16,lﬁk1 have found that large nuclear plants operating

in the years 1968 through 1978 had the following capacity factor

experlence: ‘ Average Capacity Factor Reactor Years in Sampl:
Large {800+Mw)} BWR's 54t 2 percent 46
Large (B800+Mw) PWR's 57% 2 percent 78

On a yearly basis, beginning the first full year of operation, one

finds:
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Large {(800+MW) BWRs Large (800+Mw) PWRs 967a

Capacity Capacity
Factor Reactor Factor Reactor
-Year (Percent) Years "{Percent) Years
1 513 4 12 577 3 23
2 49; 5 10 55; 4 19
3 53:_ 5 10 534-_ 4 16
4 58; 6 7 637 5 11
5 59; 6 4 53; 5 6
6-7 69=- 9 3 57- 9 3

For units over 1000 Mw the average experienced capacity factors

have been 50 percent (14 reactor vears) for BWRs,and 53 percent

(l6 reactor years) for PWRs. These are even lower ithan the 54
percent and 57 percent for 800+Mw BWR's and PWR's, respectively.
While the experience with large {1000+ ¥w) nuclear power

plants is still limited, it certainly does not support the Company's
assumption of 70 percent capacity facter for its new nuclear units.
In fact, in choosing 60 percent for my present analyses, I am

being conservative, even when this is compared with the results

of the much larger {(800+Mw) sample, which embodies cavacity factor

experience better than the 1000+ Mw units.

How were economy imports, emergency imports, pumped storage hydro,
and conventional hydrc options taken into account?
Here, again, I will distinguish between the capacity expansion
module (#Module I) and the dispatch and costing modules
(Modules II and III) ©of the ESRG ESGEN program.
The hydro options are included in the capacity expansion
optimization model, where the least cost mix 6f supply options to
meet expected load is déveloped. The import options are added
(along with the curtailment options) only in the dispatch, reliability,
and-costihq modules where economy purchases and the various insufficiency

procedures are invoked based upon costing as well as supply and
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demand fluctuation conditions.
The capacity factors (CAPFAC) for the hydro options were

established on the basis of Company projected usage for 1981.

Economy imports were also established on the basis of Company

data. The Company's net purchases {after subtracting sales) in

1981 was used assuming an expected capacity factor of 50 percent

to arrive at a reasonably conservative estimate of available economy

import capacity for the future. a conservative estimate of available

emergency import capacity (500 Mw) was established judgementally,

based upon the magnitude of capacity and large number of units

in the PJM system as well as the large number of transmiséion

lines. Costs of emergency imports (listed in Exhibit DS-B

under FUEL) were based upon the Company‘’s interrogatory response,

A.GLF.8.
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Please describe your assumptions regarding fuel costs.
Fuel costs for the 1979 base year, expressed in 1979 dollars, were
cbtained by examining mid-year (May-July} fuel prices. These prices,

and their source are listed below.

nuclear $ .35 per MMBTU (Company Response A.GLF.4)
coal $1.44 n {(Ref.19 )
residual oil $3.65 " (Ref.20 )
distillate oil $4.14 " (Ref.20 )
natural gas $1.91 " (Ref .20 )

We have increaged base year oil prices over those estimated by the
Company in order to adequately incorporate recent price increases.

Fuel costs for each unit in the PECCO system were then calculated
using the above prices and the plant-specific heat rates. Plant-
specific heat rates were obtained primarily from 1977 Monthly Power
Plant Reports (FERC Form 4) which give generation and fuel consumption -

data, and from FERC Form 12 reports. Fuel costs are given by:

FUEL COST ($ per Kwh) = HEAT RATE (MMBTU per Mwh)
% FUEL PRICE ($ per MMBTU)

+ 1000

© How were fuel costs escalated for the years beyond 197972

‘In"order to describe my fuel cost escalations I must describe my

inflation assumptions as well. Fuel costs were escalated by an

annual rate which is the sum of the inflation rate and the real

price escalation rate {(specific to each fuel).

(41)



%703 Exkibit DPS=D gummarizes the inflation rate, escalation rate, and
Z discount (interest)} rate assumptions for three sets of scenarios.
3  We have developed three categories of cost related scenarios. The first
4 (PECO) is designed to incorporate the Company's assumptions. The other
5 two incorporate ESRG assumptions. These are designated as ESRG LOW and
6 ESRG HiGH for low and high cost scenarios respectively.
7 I have pegged all cost escalation rates to the underlying rates
B of inflation in the ESRG scenarios; that is, all escalation rates are
9 assumed to have a "real" (or constant dollar) component which is added
10 to the inflation rate in the ESRG LOW and ESRG HIGH scenarios.
11 The Company has assumed annual inflation rates of 6.5 percent
12 ipn 1980, 5.5 percent in 1981, and 5.0 percent thereafter. In my
13 judgement, these assumpfions are unreasonably low. The inflaticn
14 rate for the last two years has averaged over 10 percent per vear.
15 I do not expect this to drop substantially or gquickly over the next
16 gdecade. The impact of the.energy industry and enerqgy prices alone
17  within the overall economy is significant in sustaining high inflation
18  rates.
19 I have therefore constructed two sets of escalation rate assumptions
20 based upon inflafion rates of 8.5 percent (1980), 7.5 percent (thereafter
21 in the ESRG LOW case, ANﬁ 10.0 percent (1980) and 9.0 percent (thereafter
22 in the ESRG HIGH case. I believe this range of inflation rates
23 adeguately represents the likely rate of inflation over the next ten
24 years, given the uncertainties involved in making such forecasts.
25 Having sald this, I would like to note that the main results of my
26 analysis are not very sensitive to the inflation rate assumptions since
27 all eost estimates and corparisons are ultimately made in constant (1979)
28 ddllars, by applying a discount rate. Slnce both the ESRG and the PECO
29 discount rates are 3% plus underlying inflation rate, the latter does
30 not affect the comparisons to first order.
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