













































































































































































































































































































































































APPENDIX 9: UTILITY RASSs USED IN FUEL SWITCHING ANALYSIS

This appendix shows which utility residential appliance saturation surveys
(RASSs) were used to estimate the fuel switching potential summarized in Table 14. We
calculated residential-customer-weighted saturations from the utility RASSs. Many of
the RASSs are confidential, so we do not include saturations for individual utilities here.
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UTILITY RASSes USED FOR ESTIMATES OF FUEL SWITCHING POTENTIAL

Utility Customer Water Range Dryer

Pop'n Heater
AR AR AR AR KA AR KA AR AR R AR R A AR AR AR A AR AR AR KRN RA AR AR R AR AR A kR Ak hhhhkkhhhh Ak Ak kA XX K

Note: X indicates utility data was included for the particular enduse.

Alabama Power 956146 X X X
Arizona Public Service Co 473121 X X X
Baltimore Gas & Electric 895881 X X X
Bonneville Power Administration 2960000 X X X
Central Hudson G&E 263500 X X X
Central Maine 426049 X X X
Cincinnati G&E 553307 X X X
Detroit Edison 1700732 X X X
Florida Power & Light (Miami) 2419770 X X X
Florida Power Corp. (Petersburg) 946389 X X X
Georgia Power 1251473 X X X
Houston Power 1192386 X X X
Illinois Power 535721 X X

Iowa~Illinois G&E 244146 X X X
Long Island Lighting Co. 2820012 X X X
New England Power Service (MA) 1067567 X X X
New York State E&G 621500 X X X
Niagara Mohawk 1690000 X X X
Northeast Utilities (CT) 902000 X X X
Northeast Utilities (MA) 173000 X X X
Northern States (Minn) 1069079 X X X
Oklahoma G&E 548003 X X X
Orange & Rockland Utilities (NY) 208266 X X X
Pacific G&E 3800000 X X X
Pacific Power/ Utah Power (CA) 26805 X X X
Pacific Power/ Utah Power (ID) 7108 X X X
Pacific Power/ Utah Power (MT) 23583 X X X
Pacific Power/ Utah Power (OR) 343001 X X X
Pacific Power/ Utah Power (WA) 85284 X X X
Pacific Power/ Utah Power (WY) 81146 X X X
Pennsylvania Power & Light 889873 X X X
Philadelphia Electric 1297080 X X X
Portland General Electric (OR) 484293 X X X
Public Serv. E&G (NJ) Elec cust 213100 X X X
Public Serv. E&G (NJ) Gas cust 186200 X X X
Public Service Co. Colorado 944673 X X X
Public Service E&G (NJ), Comb.E&G1434400 X X X
Public Service Indiana 499432 X X X
Puget Power 618000 X X
Rochester Gas & Electric 289188 X X X
Sacramento Municipal Utility 328534 X X X
Salt River Project (AZ) 473776 X X X
San Diego G&E 919000 X X X
Seattle City Light 278724 X X X
Sierra Pacific Power Co. 185947 X X X
So. California Edison 3200000 X X X
Tampa Electric 398817 X X X
Tennessee Valley Authority 2800000 X X

Texas Utilities 1342907 X X X
Union Electric (MO) 951154 X X

Utah Power 465344 X X X
Virginia Power 1566400 X X X
West Penn Power (PA) 536700 X X X
Wisconsin Electric Power Co 766387 X X

A AR AKRKA KKK AKRR KRR AR A A A A A KRR A AR AR AR KAA R AR AR AR A AR A A AR AR h Ak hhkhhdFhhhhhhhhhhhhdhrdsk

TOTAL POP'N
49,354,904
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APPENDIX 10: ACCESS LOGIC

This appendix summarizes the logic the supply curve program uses to calculate
the frozen efficiency baseline and the energy savings in the technical potential case.
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ACCESS Program: Description of Logic

1. Introduction

The ACCESS supply curve program runs on a Sun-4 mainframe computer and uses the Informix relational
database management system to store, analyze and process data. UNIX batch files run a series of Informix
programs which create data files for the SAS-operated graphics programs. The graphics programs create
supply curves of conserved energy. The user of ACCESS may create new data files, alter existing files,
specify the parameters of the supply curve forecast (e.g., the forecast time period, the fuel price forecast,
the type of fuel analyzed, etc.).

The logical framework behind the supply curve program is described below.

2. Definition of Terminology

In order to analyze energy savings potential in the residential sector, the sector’s net energy use must be
disaggregated into appliance types and/or services provided. For this purpose, we define various enduses.
An enduse can be either an appliance which provides a service (such as a refrigerator, freezer, clothes
dryer, etc.), or it can be the service itself (e.g., space conditioning). One space conditioning enduse might
be modeled as a single-family home in the North with electric resistance heating and no cooling. Another
enduse might represent all homes built after 1990 in the South with heat pumps. The strategy of employing
many enduses to model a complex energy use such as space conditioning allows us to choose the most
appropriate conservation measures for each situation.

Once we have divided energy consumption into enduses, we can apply energy saving devices, or measures
to them. A measure is a device that can be applied to a certain fraction of the total enduse stock at a certain
cost and resulting in a certain amount of energy savings. We call this fraction of the enduse stock the eligi-
ble fraction. A measure might be as simple as wrapping a blanket around a water heater, or as complex as
a multi-component improvement in the building envelope plus improvements to the efficiency of the heat-
ing and cooling equipment.

The measures are ranked in order of their cost-effectiveness using the cost of conserved energy (CCE). The
calculation of CCE is described in the main text. Once we have determined the most cost-effective
sequence of measures, we can calculate the cost and energy savings of each measure relative to its preced-
ing measure. These incremental costs and savings are used to calculate the CCE for the supply curve plot.

In order to calculate the energy savings that result from implementation of a measure, we need to specify a
baseline consumption level. The baseline must also be a forecast, since efficiency measures take time to
implement. In our study, we assume that we begin to implement measures in 1990 and seek to find the
potential savings that could be achieved by the year 2010. Our baseline forecast is a frozen efficiency fore-
cast. The frozen efficiency forecast assumes that all appliances existing today remain at the 1990 stock-
weighted average efficiency until replaced. Appliances are replaced by the average unit bought in 1990
whose efficiency is from LBL’s Residential Energy Model (LBL-REM). All units that are added after
1990 and are not replacements of retired units are called additional units and have the same efficiency as a
1990 new unit. We assume a constant rate of replacement, or retirement, that is based on the lifetime of the
equipment. The lifetime is the average mechanical lifetime that can be expected for a particular appliance.!
Each year, the same number of units, namely N/L, retires, where N is the number of units in 1990 and L is

1 We use the best estimates of product lifetime available, although the study from which the estimates come is now ten
years old: "Energy Capital in the U.S. Economy", Brookhaven National Laboratory & the U.S. Department of Energy, No-
vember 1980.
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the mechanical lifetime of the equipment.

For the space conditioning enduse, which we have modeled as various prototype homes due to the inter-
dependent nature of house location, envelope type, and heating and cooling requirements, we have
assumed that all existing homes (homes built prior to 1990) can be retrofit by 2010. New homes (those
homes built between 1990 and 2010) receive space conditioning improvements (over the way they would
otherwise have been built) at the time of construction.

In order to find the aggregate energy savings or use for the residential sector, we need to know the number
of units within each enduse in any year. This number is called the stock. The efficiency of the stock, as
well as the number of units, changes over time, due to old units retiring as they reach the end of their life-
time, and to units being added (e.g., a second refrigerator in an existing home, or a refrigerator required for
anew home). The stock forecast is from LBL-REM.

The analysis of energy conservation potential is based on a technical potential/best available technology
scenario. This scenario estimates the maximum possible savings that could be achieved if the most
efficient conservation technologies were deployed in all eligible households. The level of service provided
remains constant or is improved.

A summary of definitions of terms used in this section follows.

¢  Enduse An appliance providing a service (such as a refrigerator) or the service itself (for example,
space conditioning).

Measure An energy saving device which is applied to an enduse.
Baseline UEC Energy consumption if no efficiency measures are employed.

Frozen efficiency baseline A forecast that assumes all appliances (or enduses) existing in 1990
remain at the 1990 stock-weighted average efficiency until they retire and are replaced with new
units having the average efficiency of new units bought in 1990. All units added after 1990 also have
the efficiency of 1990 new units.

Existing home A home that exists in 1990 (i.e., that was built prior to 1990).
New home A home that was built between 1990 and 2010.
Stock The number of units that comprise an enduse in any given year.

* &+ > &

Additional units The number of units in each year that exceeds the number of units in 1990, that is,
the number of units added to the 1990 stock. Examples of additional units are: a second refrigerator
in an existing home, a refrigerator required for a new home, etc. Note that additional units do not
include replacements of existing 1990 units.

¢ Technical potential scenario This scenario estimates the maximum possible savings that could be
achieved if the most efficient conservation technologies were deployed in all eligible households.
The level of service provided remains constant or is improved.

3. The Supply Curve Methodology

3.1. Energy Savings in the Forecast Year (2010)

The first step in determining the energy savings resulting from a conservation measure is to assess the
number of units (N) that are eligible for that measure. We assume that measures will be implemented only
at the time at which the 1990 existing units would naturally retire. We use a constant absolute rate of retire-
ment that depends on the lifetime of the appliance: each year the total number of 1990 stock that retires is
simply (1/lifetime) times the number of 1990 units. Conservation measures are applied to additional units
(units that are in addition to replacements of 1990 units) at the time they are added.

For space conditioning retrofits, we assume that all physically eligible homes will be retrofit by the year
2010 in the Technical Potential scenario.

We have created three types of enduses to account for the different energy uses in homes: new home space
conditioning, existing home space conditioning, and appliances in existing and new homes. Appliances in
new homes and in existing homes are treated identically.
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3.1.1. Number of units eligible for a measure

Two types of constraints affect the number of units in an enduse that are eligible for a measure: physical
and chronological. Physical constraints reflect the physical barriers to implementing a particular measure,
such as whether some fraction of the stock has already implemented the measure, or whether there is gas
service in the home (for fuel-switching measures), etc. The physical constraint for each measure is input
by the user. Chronological constraints shorten the amount of the total forecast time period in which the
measure may be applied. Such constraints depend upon two factors: (1) the lifetime of the enduse and (2)
the year in which the measure becomes commercially available.

The formulae used by ACCESS to calculate the number of units (N) eligible for a measure follows. There
are three enduse types: new home space conditioning, existing home space conditioning, and appliances.
Within each enduse type, we must evaluate different cases, such as whether the measure is commercially
available in the beginning year of the forecast or whether it becomes available in a subsequent year; and we
must compare the enduse lifetime to the number of years in which the measure could possibly be applied to
stock units. Only chronological constraints will be evaluated in this section; the physical constraints will
be addressed subsequently.

3.1.1.1. New Home Space Conditioning
(1)  Measure is available in 1990

If the measure is aleady available in 1990, then all homes built between 1990 and 2010 will be eligi-
ble to receive the measure.

N1 = 810k 5019

(2) Measure is available sometime after 1990

If the measure becomes commercially available sometime after 1990 (in year y), then only the homes
built between year y and year 2010 will be eligible for the measure (since we assume that new home
measures can be implemented only at the time of construction).

Nnew2 = St00k2010 - StOCky

3.1.1.2. Space Conditioning in 1990 Existing Homes Still Existing in 2010
For existing homes, we have only considered measures that are commercially available in 1990, therefore

N exisiing = Stockyg1g

Note: The stock of "existing” homes (i.e., those homes that existed in 1990) decreases over time due to
retirement. The homes that replace them are included in the new home space conditioning stock.

3.1.1.3. Appliances

We assume a constant absolute retirement rate of ( (1/L) times the number of 1990 units per year ), where
L is the lifetime of the appliance. We apply conservation measures to units existing in 1990 only at the time
at which they are retired and a new replacement is bought. There is no "early retirement". We apply con-
servation measures to additional units (the number of units in each year that exceeds the number of units in
1990) as they are introduced into the stock. The forecast of additions is from LBL-REM. The time period,
T, of the analysis is 20 years in this particular case (i.e., 1990 to 2010). The calculation of the number of
units, N, to which a measure is applied, follows.

(1) Measure is commercially available in 1990

If the measure is commercially available in 1990, there are two possible situations that can occur by the
year 2010. If the lifetime is less than the forecast period, then all 1990 existing units will have retired by
2010. If the lifetime is longer than the forecast period, then only a fraction of the 1990 stock will have been
replaced, as described below.

(la) Lifetime <= forecast time period (L <=T)
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If the lifetime of the enduse is less than or equal to the time period of the forecast, all 1990
units will have retired. Therefore, all units existing in 2010 are eligible for this measure.

Nappll = stock 2010

(1b) Lifetime > forecast time period (L > T)

If the lifetime of the enduse is greater than the time period of the forecast, only a fraction of
the 1990 units will have retired. However, all units that have been added to the stock since
1990 (additions) are eligible. Thus, the number of units eligible for the measure is equal to the
number of units that have retired plus the number of additions.

NapplZ = ( StOCk2010 - S[OCklggo ) + S[OCklggo *

=

(2) Measure is commercially available after 1990

If the measure is only available after 1990 (in year y), we must make some modifications to the above
equations in order to account for the shortened period of possible implementation.

(2a) Lifetime > (2010 - y)

If the lifetime of the enduse is greater than the time period between the year the measure
becomes commercially available (year y) and 2010, then only a fraction of the units existing in
year y will have retired. The number of units eligible for this measure is thus the number of
units that have retired, plus the number of units that have been added between the years y and
2010.

(2010—y)

N appi3 = (stockqgo — stock, ) + stock, * 2

(@2b) Lifetime <= (2010 - y)

If the lifetime of the enduse is less than or equal to the time period between the year the meas-
ure becomes commercially available (year y) and 2010, then all of the units existing in year y
will have retired. Therefore the number of units eligible for this measure is the total number of
units in 2010.

N

appla = S10Ck o010

3.1.2. Calculation of the Frozen Efficiency Baseline

The frozen efficiency forecast of energy consumption in 2010 is the total residential energy consumption
predicted if no efficiency measures are taken. The forecast assumes that all appliances existing in 1990
will remain at the 1990 stock-weighted average efficiency until they retire and are replaced with units hav-
ing the average efficiency of 1990 new units. We assume a constant rate of replacement that is dependent
upon the lifetime of the appliance. All units added after 1990 also have the average efficiency of 1990 new
units.

For space conditioning enduses, the energy consumption of existing homes is the product of the number of
1990 stock homes still existing (a program input from LBL-REM) and the baseline UEC. The energy use
of homes built after 1990 is simply the product of the number of new homes and the new home baseline
UEC.

The energy use of each enduse is made up of three parts: (1) energy use of units added since 1990, (2)
energy use of the fraction of 1990 stock that has not been replaced by 2010, and (3) energy use of the frac-
tion of 1990 stock that has been replaced. The lifetime of the enduse determines how many units have
been replaced, and so we look at two cases:

(1) Lifetime <=20
All 1990 stock units have been replaced, thus

Energy (E) = stockqgp * uec_new
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(2) Lifetime>20
Only a portion of the 1990 stock will have been replaced.
Energy(E)=E,+E,+E;
where E(1) = consumption of units added since 1990, or
E | = (stockqyo— stockqgg9 ) * uec_new ,

and E(2) = consumption of 1990 stock that has not been replaced
(L-20)

E, =stockiggp * * uec _ex ,

and E(3) = consumption of 1990 stock that has been replaced

20
E 3= s5tockyggp * T * uec_new

where
L = lifetime of the enduse
uec_ex = unit energy consumption of existing 1990 units
nec_new = unit energy consumption of a new unit in 1990.

3.1.3. Calculation of Energy Savings

The energy savings for each measure is calculated independently of the frozen efficiency baseline, then
summed over all the measures and subtracted from the baseline. The energy savings for each measure is
equal to the number of units (N) that are candidates for a measure when time constraints are taken into con-
sideration (as determined in the previous section) times the user-input physical constraint on the number of
units that are eligible for the measure (aplbl_stock), times the amount of energy the measure saves over the
preceding measure. The latter is called the unit energy savings (UES). Thus, the energy savings is calcu-
lated with the following equation:

Savings=N*aplbl_stock*UES

The physical constraint (aplbl_stock) is a required input for each measure. The physical constraints apply
to existing homes in 1990. New homes are likely to present different physical constraints to appliances that
are placed in them than existing homes would, but we have not accounted for the possible difference (apart
from in the space conditioning enduses, where new homes and existing homes are separate enduses, and
thus have inherently different characteristics).

For appliance and existing home space conditioning enduses, the baseline level of unit energy consumption
(UEC) is the average UEC of units bought in 1990. Unit energy savings (UES) for the first measure of
each enduse is calculated from this new unit baseline UEC. Savings that would occur naturally due to turn-
over are accounted for in the frozen efficiency baseline. We therefore avoid double-counting the naturally-
occurring savings due to turnover.
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