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D.1.0 ANALYSIS OVERVIEW

Various conservation, load management, and fuel switching programs were
considered as ways to reduce or shift system peak load. These programs
operate at the end-use level, such as residential water heat. Figure D-la
shows what electricity consumption for water heat looks like on normal and
extreme peak days. Load management programs, such as water heat control, are
designed to reduce electricity consumption at the time of system peak.

On the coldest day in an average winter, system load peaks near 8:00 a.m. In
a winter with extremely cold weather, electricity consumption increases for
all hours, and the system peak shifts to later in the morning. System load
shapes in the Puget Sound area are shown in Figure D-1b for a normal winter
peak day (February 2, 1988) and an extreme peak day (February 3, 1989).

Peak savings from any program are calculated to be the reduction in loads on
the entire system at the hour of system peak. Peak savings for all programs

- are measured at 8:00 a.m.-on a normal peak day and 9:00 a.m. on an extreme

peak day. On an extremely cold day, some water heat load shifts to much later
in the morning, with less load available for shedding at the time of system
peak.

Models of hourly end-use consumption were constructed to simulate the impact
of conservation, load management, and fuel switching programs on electricity
consumption. Javelin, a time-series simu]atloT package for personal
computers, was chosen for the hourly analysis.” Bc*h a base case and a
program case were simulated.

D.1.1 PROGRAMS

Three groups of proposed programs were analyzed for this -study: conservation,
load management, and fuel switching. Conservation programs are discussed 1n
more detail in Section 3. Some of the conservation programs are an
acceleration of programs a]ready in place in the Puget Sound area. Load
management programs, discussed in Section 4, are designed to shift load away
from the time of system peak.

Conservation Programs -

Residential Weatherization (Single Family)
Residential Weatherization (Multi-Family)
Industrial Conservation

Commercial Retrofit

Low Flow Shower Heads

Javelin is a trademark of Information Resources, Inc., Waltham,
' Massachusetts
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Load Management Programs

Water Heat Control (Single Family)

Water Heat Control (Multi-Family)

Water Heat Control (Manufactured Homes)
Time-of-Use Rates (Residential Single Family)

A fuel switching scenario with seven market segments was constructed for the
residential sector. With a fuel switching program in place, some electricity
consumption for space and water heat is shifted to natural gas. Fuel
switching is covered in detail in Section 5.

D.1.2 HOURLY MODELS

Electricity consumption is simulated at an hourly level for each end-use
beginning in 1990 and ending in 2010. To avoid providing space for all 8760
hours for each year, only certain day types are simulated. Three day types
were chosen to capture the response of hourly load shapes to cold weather.

Average Winter Day
1 in 2 Peak Day (Normal Peak Day)
1 in 20 Peak Day (Extreme Peak Day)

A Normal Peak Day is the .coldest day to occur once every two years,
representing the coldest day during a typical winter. An Extreme Peak Day is
the coldest day to occur once every 20 years.

Load shapes used in the simulation, at least for the residential and
commercial sectors, are based on actual metered load shape data obtained from
the End-Use Load and Consumer Assessment Program (ELCAP). Residential load
shapes are an average across a sample of single family homes west of the
Cascades in Washington and Oregon. Commercial load shapes are based on a
sample of commercial buildings in the Seattle area.

Electricity consumption in the Puget Sound area is modeled as the sum of 19

end-uses. Residential electricity consumption consists of space heat, water

heat, and other for three housing types. The commercial sector is broken into

HVAC, lighting, refrigeration, and other for two building types. A list of
end-uses is provided in Section 2.2.

Hourly models were constructed for all 19 end-uses. Conservation and load
management programs were simulated as a change in load shape for one or more
end-uses. Fuel switching in the residential sector was simulated by reducing
the number of households using electricity for the affected end-use.

D.1.3 DATA REQUIREMENTS

Each end-use model starts with an average load shape and multiplies each
hour’s value of electricity consumption by the number of units or appliances
present during each year. This is done for both a program case and a base

D-6



case, with the difference being hourly savings due to the conservation or load
management program. ‘

Load Shapes - A load shape is a set of 24 numbers showing the pattern of
energy consumption over the hours in a day. Both base case and program case
load shapes are required for each end-use and day type. Ffor the residential
and commercial sectors, base case load shapes are derived by averaging load
shapes across a sample of homes or businesses in western Washington and
western Oregon. Program case load shapes are constructed from the base case
shapes using assumptions about how the conservation or load management program
operates.

Energy Data - Annual energy consumption, in kilowatt-hours, is required for
each end-use. This is then broken down into energy for January, and further
for an average day in January. Also required are the ratios of energy
consumed on peak days to energy consumed on an average winter day. Most of
the energy data is derived from ELCAP.

Number of Households - Numbers of households, amount of commercial floor
space, and megawatts of industrial electricity consumption are taken from a
long term forecast of the Puget Sound area prepared by the Long Term
Forecasting Section at Bonneville. A detailed end-use forecast was prepared
for the medium growth case.

Market Share of Electricity - Each end-use has its own market share of
electricity, somewhere between zero and 100%.

Program Penetration Rate - Each conservation, load anagement, or fuel .
switching program increases from zero to a maximum ;enetration rate.

D.1.4 SYSTEM IMPACTS

Each program affects one or more end-uses. For example, the low flow shower
head program affects water heat in single family, multi-family, and
manufactured homes. End-use models are set up to simulate both a base case
and a program case. Hourly savings at the end-use level are subtracted from
system load shapes to derive a system program case.

System Base Case
Base Case for Affected End-Use(s)
Program Case for Affected End-Use(s)

+

System Program Case

This calculation is done for 24 hours on each of the three day types for 21
years. Figures D-2a and D-2b show the combined effect on system load of all
conservation and load management programs for normal and extreme peak days in
2003. Figures D-3a and D-3b show annual peak impacts of conservation and load

management. .
o
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Figure D-2a. System Impact of Conservation and Load Management
Normal Peak Day in 2003
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Figure D-2b. System Impact of Conservation and Load Management
Extreme Peak Day in 2003
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Worksheets were created to summarize each program’s impact at the peak hour,
for each year from 1990 to 2010. Sample worksheets are provided in the
sections containing program descriptions. Normal peak day (1 in 2 day)
savings correspond to hour 8, while extreme peak day (1 in 20 day) savings
correspond to hour 9. The summary worksheets show peak savings, in megawatts,
on a normal peak day and an extreme peak day. A column is included on each
worksheet for any associated energy savings, in annual average megawatts.

D.1.5 DELETED OPTIONS

Options included in this analysis are listed in Section D.1.1. Many other
conservation and load management options were considered but did not make the
final Tist for formal analysis. Deleted options are summarized below.

Residential Space Heat Set-Back Controls - Clock thermostats were eliminated
from further consideration because they may increase peak instead of decrease

it. This could happen if heating was reduced during the night or midday and
scheduled to recover during peak load hours when the occupants rise in the
morning (6 a.m. - 7 a.m.) and arrive home in the evening (5 p.m. - 6 p.m.).
Since the recovery period coincides with peak demand, this would adversely
affect the problem in the Puget Sound area.

New Commercial Conservation Programs - It is assumed that planned Bonneville
and Puget Power programs will capture all energy savings available from new
construction in this sector and that no savings above this baseline are
possible.

Lighting Efficiency Controls - Lighting efficiency controls also have limited
potential for peak reduction. Residential lighting is a minor part of the
peak demand. Improved lighting efficiency saves energy over time, but does
not do much to reduce peak demand. Some lighting conservation measures will
be implemented as part of the retrofit program for existing commercial
buildings. '

Solar Augmentation for Water Heaters - This conservation measure appears
unreliable. The Puget Sound area is often cloudy, and the morning peak period

frequently occurs before daylight hours. This measure would be unavailable.
when it is needed most.

Diesel/Gasoline Generators - Portable gas or diesel generators can create air
and noise pollution. They are expensive, and utilities would either require a
communication system to start this generation or rely on customers to ensure
their use. Customers may object to this measure. There are air quality and

- noise pollution concerns associated with diesel and/or gasoline generators.

Gas Back-Up for Electric Heat Pumps - Gas back-up for residential electric
heat is expensive. It requires replacing furnaces for customers with central
electric furnaces and installing gas furnaces and duct work for customers with
-zonal electric heat. ' '
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Street Lighting Efficiency and Controls - Street lighting controls turn off
some street lights during periods of extreme peak demand. Street lighting
efficiency creates savings from lighting demand, but does not affect peak
load, and creates safety impacts. It was eliminated from further study.

Dual-Fuel Boilers - This proposal would install dual-fuel capability in
electric boilers so load could be shifted to natural gas during peak load.
The potential from this is Timited because most industrial users who have a
choice already use natural gas due to its lower cost.

Commercial and Industrial Time-of-Use Rates - Different rates for electricity
tied to peak and off-peak hours are used to encourage customers to shift usage
to off-peak. Commercial and industrial time-of-use rates can increase energy
use overall when the price difference is large enough to entice peak
reduction.

Space Heat Controls - This program would allow direct utility control of
residential electric space heat during peak demand periods. Participants’
heating systems are cycled on and off by the utility. A typical cycle would
be 15 minutes off, 45 minutes on each hour.

Savings for this program were not estimated because there was insufficient
data on how space heaters cycle on and off during extremely cold weather. It
is difficult to estimate the savings from altering these cycles.

Storage Water Heating - This program is similar to hot water control, except
that an additional 52 gallon tank is installed. Due to high capital costs,
this measure did not meet the cost screening criter on.

Whole House Demand Control - In this measure, utilities or their customers
1imit residential peak demand. They use a device called a demand controller.
This device monitors electric use in a house and turns off some use when the
demand exceeds a certain level. Typically, only larger.loads such as
resistance heating, hot water heaters, and clothes dryers are controlled.

Thermal Heat Storage - Thermal heat storage systems use off-peak electricity
to supply on-peak heating requirements. The units store heat in ceramic
bricks or crushed rock during periods of low electrical demand, and use that
heat during high demand periods. These units would be installed instead of a
new furnace in a new home, or as part of a package when a furnace is replaced
in an existing home. Time-of-use rates or a separate storage rate are used as
an incentive to encourage consumer participation. This measure may increase
energy consumption and does not meet the cost screening criterion.




D.2.0 BASE CASE

The base case scenario is an hourly simulation at the end-use level, which can
then be aggregated to sector and system levels. Figures D-4a and D-4b show
how the residential sector breaks down into its major end-uses. Note that
electricity consumption remains high during the late morning hours on extreme
peak days. Figures D-5a and D-5b show a correspondlng breakdown for the
commercial sector.

D.2.1 SYSTEM LOAD SHAPES

Two sets of system load shapes were considered for this analysis. The first
set is the sum of forecasted end-use load shapes from 1990 through 2010. The
other system shapes, the sum-of-utility load shapes, start with a historical
system shape built up from hourly utility data in the Puget Sound.-area. The
load shapes are then scaled proport1ona11y to s1mu1ate load growth over 20
years.

Each conservation, load management, or fuel switching program will have some
impact on the system load shape. Therefore, knowing what the system shape
looks like is critical to a peak load study. It was decided to use the sum-
of-utility load shape as the base case system shape. System load shapes shown
in Figure D-1b are sum-of-utility load shapes for February 2, 1988, and
February 3, 1989.

Potential Savings

A1l of the conservation and load management programs will reduce load at the
time of system peak, which occurs in the morning.

Day Type Time of System Peak

Average Winter Day 8:0
1 in 2 Peak Day 8:0
1 in 20 Peak Day 9: 0

OOOo
DJQJN
333

A11 hourly data on electricity consumption is actually an average of
electricity use over the previous hour. It is not an instantaneous measure of
power. When the peak load is said to occur at 8:00 a.m., it really means that
the hour from 7:00 to 8:00 has the highest average electricity consumption
over 24 hours. Note that the morning peak occurs later on an extremely cold
day. ’

Each of the three day types also has an evening peak occurring at 7:00 p.m. or
hour 19. One way to get a quick idea of peak savings potential is to look at
the difference between. morning and evening peaks. This shows how much the
morning peak can be reduced before it equals the evening peak. Table D.2.1
shows this difference in the year 2010.
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Figure D-4a. Residential Sector Breakdown - Normal Peak Day
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Table D.2.1 Difference Between Morning and Evening Peaks .
Simulation for 2010

Morning Evening Difference
Peak (MW) Peak (MW) (MW)
1 in 2 Peak Day 13,856 12,720 1,136
1 in 20 Peak Day 15,185 14,578 607

Note that the difference between morning and evening peaks is smaller on an
extreme peak day. Another view of potential savings is provided by the
difference between peak and average load for a day shown in Table D.2.2. This
is the theoretical maximum amount of savings that a load management program

could provide.

Table D.2.2 Difference Between Morning Peak and Daily Average
Simulation for 2010

Daily
Morning Average Difference
Peak (MW) (MW) (MW)
1 in 2 Peak Day 13,856 11,278 2,578
1 in 20 Peak Day 15,185 13,322 1,863
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D.2.2 END-USE BREAKDOWN

Electrical load in the Puget Sound area is modeled as the sum of 19 end-uses.
There are three residential building types with three end-uses each for a
total of nine. There are two commercial building types, office and non-
office. File names for the 19 end-uses are listed in Table D.2.3.

Table D.2.3 End-Use Labels

RSFSH Residential Single Family Space Heat
RSFWH Water Heat
RSFOT Other
RMFSH Residential Multi-Family Space Heat
RMFWH Water Heat
RMFOT Other
RMHSH Manufactured Homes Space Heat
RMHWH Water Heat
RMHOT Other
COFHV Commercial Office | ~ HVAC

COFLT , Lighting
COFOT Other
CNOHV Commercial Non-Office . AC

CNOLT L:ghting
CNORF : Refrigeration
CNOOT Other

DIS Direct Service Industries

IND Other Industrial

OTH Miscellaneous

ELCAP data provided load shapes for residential and commercial buildings.
Derivation of the shapes is discussed in Gillman, Sands, and Lucas (1990).
Figures D-6 through D-8 provide plots of end-use load shapes for an average
winter day, a normal peak day, and an extreme peak day. The normal peak day
was February 2, 1988 and the extreme peak day was February 3, 1989.
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Figure D-6b. Space Heat Load Shapes - New Homes
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Figure D-7a. Residential Water Heat Load Shapes
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Figure D-7b. Residential Other Load Shapes
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D.2.3 END-USE DETAIL

Tables D.2.4 through D.2.9 contain input assumptions for end-use simulations.
Existing and new buildings are treated separately in some of the end-use
models. Bonneville’s Long Term Forecasting Section constructed a 20 year
forecast by summing forecasts from utilities in the Puget Sound area.

Table D.2.4 Market Shares of Electricity

1990 2000 2010
RSFSH Existing 0.39 0.38 0.38
RSFSH New 0.34 0.32 0.30
RSFWH Existing 0.72 0.69 0.66
RSFWH New 0.36 0.36 0.36
RSFOT 1.00 1.00 1.00
RMFSH Existing 0.84 0.86 0.87.
RMFSH New 0.98 0.98 0.98
RMFWH Existing 0.85 0.87 0.88
RMFWH New 0.98 0.98 0.98
RMFOT 1.00 1.00 1.00
RMHSH Existing 0.81 0.80 0.80
RMHSH New 0.80 0.79 0.79
RMHWH Existing 0.82 0.81 0.80
RMHWH New 0.80 0.80 0.80
RMHOT 1.00 1.00 1.00
COFHV Existing 0.70 0.75 0.80
COFHV New 0.85 0.85 0.85
COFLT 1.00 1.00 1.00
COFOT 1.00 1.00 1.00
CNOHV Existing 0.41 0.46 0.50
CNOHV New 0.50 0.52 0.54
CNOLT 1.00 1.00 1.00
CNORF 0.65 0.65 0.65
CNOOT 1.00 1.00 1.00
DSI 1.00 1.00 1.00
IND 1.00 1.00 1.00
OTH 1.00 1 1.00

1.00 = 100 percent




1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Table D.2.5 Number of Households, Medium Growth Case

Single Family

Multi-Family

Manuf. Home

Households Households Households
Existing New Existing New Existing New
1,097,667 0 431,144 0 106,106 0
1,092,656 23,729 429,197 19,797 105,608 3,783
1,087,669 47,927 427,258 40,134 105,112 8,127
1,082,703 69,780 425,329 57,652 104,618 12,252
1,078,515 89,847 423,704 74,689 104,199 16,279
1,073,591 108,810 421,790 90,564 103,710 19,284
1,068,689 127,932 419,885 105,720 103,223 22,431
1,063,809 147,150 417,988 121,791 102,738 25,729
1,059,695 166,555 416,392 137,994 102,327 29,204
1,054,114 185,871 414,219 154,109 101,774 32,805
1,049,299 205,988 412,347 170,238 101,296 36,603
1,044,505 225,013 410,484 186,106 100,820 40,211
1,039,733 244,024 408,628 202,778 100,346 43,828
1,034,982 263,242 406,781 218,792 99,874 47,456
1,029,526 282,175 404,656 235,520 99,334 51,056
1,024,820 301,545 402,827 252,383 98,867 54,700
1,020,136 321,183 401,005 269,746 98,402 58,355
1,015,472 340,891 399,191 287,310 97,939 62,020
1,010,829 361,171 397,386 305,238 97,478 65,695
1,006,207 381,414 395,588 323,758 37,019 69,382
1,001,606 401,683 393,798 96,563 73,081

342,741
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Office

Floor Space

Existing

182,835
180,988
179,142
177,295
175,448
173,601
171,754
169,907
168,061
166,214
164,367
162,520
160,673
158,827
156,980
155,133
153,286
151,439
149,592
147,746
145,899

New

1,847
12,763
23,680

. 34,597

45,513
56,430
65,049
73,668
82,286
90,905

99,524

111,094
122,664
134,234
145,804
157,374
168,944
180,514
192,084
203,654
215,224

Table D.2.6 Commercial Floor Space in
Thousands of Square Feet, Medium Growth

Non Office
Floor Space
Existing New
621,585 6,279
615,307 32,837
609,028 59,396
602,749 85,954
596,471 112,512
590,192 139,071
583,914 162,429
577,635 185,788
571,356 209,147
565,078 232,505
558,799 255,864
552,520 282,657
546,242 309,449
539,963 336,242
533,684 363,034
527,406 389,827
521,127 416,619
514,848 443,412
508,570 470,204
502,291 496,997
496,013 523,789
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Table D.2.7 Industrial Sector Consumption in
Average Megawatts, Medium Growth Case

Industrial (aMW)

Existing . New

1990 1,142 0
1991 1,142 27
1992 1,142 54
1993 1,142 109
1994 1,142 164
- 1995 1,142 219
1996 | 1,142 246
1997 1,142 273
1998 1,142 300
1999 1,142 328
2000 1,142 355
2001 1,142 373
2002 1,142 391
2003 1,142 409
2004 1,142 428
2005 1,142 446
2006 1,142 480
2007 1,142 514
2008 1,142 549
2009 1,142 583
2010 1,142 617
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‘ , Table D.2.8 Energy Benchmarks,
Annual Electricity Consumption in the Year 2000

Annual kWh per household for the residential sector:

Existing New
RSFSH 9,650 5,050
RSFWH 4,400 3,850
RSFOT 6,450 6,500
RMFSH 3,925 1,800
RMFWH 2,700 2,350
RMFOT 3,500 3,550
RMHSH 6,050 5,000
RMHWH 3,160 2,450

~ RMHOT 5,000 4,130

Annual kWh per 1,000 square feet for the commercial sector:

Existing New

. COFHV 11,750 11,500
COFLT 6,800 6,650

COFOT 3,600 3,700

CNOHV 11,500 10,750

CNOLT 6,000 5,250

CNORF 1,800 1,650

CNOOT 2,200 2,200
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Table D.2.9 Ratio of Peak Day to Average Day
- Energy Consumption

1 in 2 1 in 20

Peak Day Peak Day
RSFSH Existing 1.35 2.20
RSFSH New 1.25 1.90
RSFWH 1.02 1.10
RSFOT 1.15 1.20
RMFSH Existing 1.35 2.20
RMFSH New 1.25 1.90
RMFWH 1.02 1.10
RMFOT 1.15 1.20
RMHSH Existing 1.35 2.20
RMHSH -New 1.25 1.90
RMHWH 1.02 1.10
RMHOT 1.15 1.20
COFHV o ' 1.40 1.95
COFLT 1.00 1.00
COFOT 1.00 1.00
CNOHV 1.45 1.95
CNOLT 1.00 0.98
CNORF 1.00 1.00
CNOOT 1.00 0.98
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D.3.0 CONSERVATION

Some of the conservation programs described here are accelerated versions of
programs that Bonneville currently operates or may operate in the future.
These programs were designed to provide annual energy savings and did not
emphasize peak savings. This analysis of conservation programs was developed
to answer the question, "What peak savings could realistically be achieved
through the acceleration and creation of programs designed to meet regional
energy needs?"

D.3.1 OVERVIEW

Conservation programs fall into three categories. The first is an
acceleration of existing or planned programs that will capture all of the
available conservation potential by 2010. These include residential
weatherization and industrial conservation programs. Peak savings for these
programs are obtained sooner than previously planned. The second is the
acceleration of a program for which the baseline, or planned savings, is not
projected to capture all of the potential conservation savings by 2010.
Commercial retrofit is such a program. The third is the low flow shower head
program for which there is no existing or .planned program. Methods used to
calculate savings and costs are different for each type of program.

Programs in the first category have a baseline of activity that would occur
regardless of decisions made to resolve the voltage stability problem in this
area. This analysis only counts savings that can t. achieved by accelerating
these programs above the baseline. Figure D-9a illustrates this type of
program with residential weatherization. The solid Tine shows the cumulative
energy savings that would be achieved in the base case. The dotted line shows
the cumulative savings to be accomplished with the accelerated program. A
corresponding plot of peak savings is shown in Figure D-9b. The difference
between these lines is the savings in each year due to acceleration. The
difference between accelerated and baseline savings reaches a maximum in the
year 2000 and drops back to zero by 2010. In 2010 there are no additional
savings because the baseline would have accomplished the same level of savings
without an acceleration. Savings attributed to the accelerated programs are
transitory, first increasing and then declining over the planning horizon.

The cost per kilowatt for accelerated programs is stated as an annual finance
charge in place of the initial capital cost. Since the cost of installation
would have been incurred anyway, the real social cost of acceleration is only
the time value of money because money is spent earlier than previously
planned. Annual finance costs shown in worksheets for accelerated
weatherization and industrial conservation are equal to 3% of capital cost. A
real interest rate of 3% is assumed for all cost calculations.

The second category of program is represented by commercial sector

conservation. There is a baseline which is not forecasted to capture all of
the available conservation potential. Savings from program acceleration are
cumulative savings above the baseline. Costs for this type of program count
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the full capital costs of all conservation measures installed that acquire
savings above the baseline. This is appropriate because the program
acceleration is assumed to be installing measures that would not have
otherwise been installed.

The third type of program is represented by low flow shower heads. No program
was previously planned so there is no baseline acquisition level. For this
reason, full capital cost is used to calculate cost per kilowatt of peak
savings for this program.

Conservation Potential in the Puget Sound Area

Conservation potential for each sector in the Puget Sound area is the sum of
conservation potentials for the public utilities and for Puget Sound Power and
Light. Puget Power provided estimates of the conservation potential for its
commercial, residential, and industrial sectors. Bonneville calculated the
conservation potential for the public utilities by estimating the share of
conservation potential within the entire Bonneville service area that will
occur in the Puget Sound area. The conservation savings for each sector are
assumed to be proportional to the Puget Sound area loads for each sector. For
example, 47% of the residential load in the Bonneville service area is located
in the Puget Sound area so it is assumed that 47% of the conservation
potential is also located in the Puget Sound area.

Estimates of conservation potential for the entire Bonneville service area
were taken from the 1990 Resource Program documents. These are based on
conservation supply estimates developed by Bonneviil 2 and summarized in the
Draft 1990 Conservation Resources Supply Document.

Conservation potential is a function of the load forecast. Higher load
forecasts mean more units that can be weatherized, insulated or otherwise
fixed up and a higher conservation or load management potential. All
estimates presented in this section are based on a medium load growth
forecast.

Conservation Program Baselines and Accelerated Program Levels

Conservation baselines for the public utility areas were derived from
Bonneville’s 1990 Resource Program documents. The Resource Program presented
budget and savings forecasts through fiscal year 1997. These were used to
develop conservation baselines for the public utilities. Baseline energy
targets for 1998 through 2010 were derived by consensus of the Conservation
and Load Management Team, which included representatives from utilities in the
Puget Sound area. The conservation baseline for the entire Puget Sound area
is the sum of the projected savings by Puget Power and the projected savings
from Bonneville programs to be operated by the public utilities.

Program targets were specified in terms of the average annual energy savings
that could be achieved by a new or accelerated program. Peak savings were
calculated using an hourly simulation model. .Plant factors, or annual load
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factors, were derived from the energy and peak numbers. A plant factor is the
ratio of mean hourly energy savings over the entire year to the savings that
occur during the system peak hour.

The first program analyses, completed in July 1990, scheduled programs to
start up or accelerate in 1992. Energy targets were initially set up for
1995, 2000, 2005, and 2010. However, the start year was later delayed to
1994. Part of the delay was due to the fact that peak savings lag program
spending. Money spent in fiscal year 1993 (October 1992 through September
1993) will provide 1ittle or no peak savings during the winter of 1992-1993.
Peak savings cannot be counted on until fiscal year 1994. Penetration ramps
show 1994 as the first year with additional peak savings.

Forecasted program levels were developed by the Conservation and Load
Management Team and are the result of group judgement rather than any
analytical procedure. The team came up with estimates of the percentage of
total conservation potential that could be achieved by 1995, 2000, 2005, and
2010 (some of these targets were later delayed by two years). Energy targets
for intermediate years were derived by interpolation.

Programs that persuade consumers to switch from electricity to natural gas
could reduce the conservation potential from some conservation programs.
Fewer houses would be heated with electricity or have electric water heaters
so the energy and peak savings from conservation programs would be somewhat
reduced. The tables in this section present savings potential in the absence
of fuel switching programs. Please see Section 6 for a discussion of the
consequences to the conservation programs of the proposed fuel switching
programs.

Summary Worksheets

A summary worksheet is provided for each conservation and load management
program. For example, see the single family weatherization summary in Table
D.3.1. The worksheets provide a quick overview of assumptions, costs, and
savings for each program.

Each worksheet was printed directly from an hourly end-use simulation model
created for this study. At the top of .each worksheet are cost assumptions,
including initial and maintenance costs. Just below the cost numbers are
energy and peak savings per household. Costs are then converted from a per
household basis to a per kW basis. :

The bottom half of each summary worksheet contains the number of participating
households, average energy savings, peak savings on a 1 in 2 day, and peak
savings on a 1 in 20 day. Model output is provided for all years from 1990
through 2010.
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. Table D.3.1 >Summary Worksheet of Accelerated
Weatherization (Single Family)

Per Unit Data:

Initial Cost $2,550
Maint. Cost $0
Energy Savings 2,700
1 in 2 Peak Savings 1.342
1 in 20 Peak Savings 1.788
1 in 2

Per kW Costs @ 2000:
Finance per Year $57
Plant Factor 0.230
Peak
Program Energy Savings
Units Savings 1 in 2
. (Households) (aMW) (MW)
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
5,058 1.6 6.8
10,044 3.1 13.5
15,594 4.8 20.9
21,065 6.5 28.3
26,474 8.2 35.5
31,768 9.8 42.6
37,002 11.4 49.7
32,706 10.1 43.9
28,447 8.8 38.2
24,227 7.5 32.5
20,030 6.2 26.9
15,889 4.9 21.3
12,653 3.9 17.0
9,446 2.9 12.7
6,269 1.9 8.4
3,120 1.0 4.2
0 0.0 0.0
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D.3.2 ACCELERATED WEATHERIZATION .

This is an acceleration of the existing weatherization program. This program
reduces energy consumption for residential space heating in single and multi-
family dwe111ngs These housing types are modeled separately because costs
and savings vary by dwelling type. Targeted savings in average megawatts are
shown in Table D.3.2.

In the baseline the remaining homes in the area would all have been
weatherized by 2010. Accelerated weatherization is assumed to be complete by
2000. Energy and peak savings first increase and then decline back to zero
because the accelerated program accomplishes by 2000 what the baseline would
accomplish by 2010.

Costs

Costs for this program are the sum of equipment costs plus a 20% adder for
administrative costs. Costs are reported as annual finance costs, based on a
3% real interest rate, because this program only accelerates spending that is
scheduled to occur anyway. Cost estimates and energy savings estimates are
taken from the residential weatherization supply curve as deve]oped for
Bonneville’s 1990 Resource Program.

Finance costs, reported in Tables D.3.1 and D.3.3, are derived by multiplying
the initial cost of weatherizing a home by 3%. Then an adjustment is made to
convert costs from a per household basis to a per kilowatt basis. For
example, 3% of the $2,550 it costs to weatherize a ingle family home is
$76.50. This is d1v1ded by 1.342 kW to obtain $57, the annual cost per kW on
al in 2 peak day.

Impacts

Energy savings for a weatherized single family home are assumed to be 2,700
kWh per year and are distributed in the same way as a space heating load
shape. The program case load shape is therefore proportional to the base case
load shape. Annual energy savings for multi-family homes are 1363 kWh per
year. :

_Energy targets, for single family and multi-family homes combined, are
displayed graphically in Figure D-9a. The corresponding peak savings are
shown in Figure D-9b.

Issues

The major issue regarding this program is that conservation case load shapes
were derived by simply scaling hourly space heat load shapes. Another method
would be to translate the base case load shape, or shift the load shape down
by the same amount each hour. The two methods together would provide a range

of estimates for peak savings. : .
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Table D.3.2 Energy Targets for Weatherization of
Residential Buildings

Single Family Weatherization
Annual Energy Savings (aMW)

Already Accelerated Total

Planned Conservation Conservation
1995 15.8 3.1 18.9
2000 26.1 11.4 37.5
2005 32.7 4.9 37.6
2010 : 37.6 0.0 37.6

Multi-Family Weatherization
Annual Energy Savings (aMW)

Already Accelerated Total

Planned Conservation Conservation
1995 6.8 1.3 8.1
2000 11.5 5.0 16.5
2005 14.3 2.1 16.5
2010 16.4 0.0 16.4

Savings reported in Tables D.3.1 and D.3.3 are for the accelerated portion
only. Both peak and energy savings reach a maximum in 2000 and then decline
to zero by 2010. Note that peak savings are much Targer than average energy
savings.
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Table D.3.3 Summary Worksheet of Accelerated
Weatherization (Multi-Family)

Per Unit Data:

Initial Cost $1,625
Maint. Cost $0
Energy Savings 1,363 kWh per year
1 in 2 Peak Savings 0.678 kW @ 2000
1 in 20 Peak Savings 0.903 kW @ 2000
lin2 1lin 20
Per kW Costs @ 2000:
Finance per Year $72 $54
Plant Factor 0.230 0.172
Peak Peak
Program Energy Savings Savings
Units Savings 1 in 2 1 in 20
(Households) {aMW) (MW) (MW)
1990 0 0.0 0.0 0.0
1991 0 0.0 0.0 0.0
1992 0 0.0 0.0 0.0
1993 0 0.0 0.0 0.0
1994 - 4,186 . 0.7 2.8 3.8
1995 8,354 1.3 5.7 - 7.5
1996 13,151 2.0 8.9 11.9
1997 17,927 2.8 12.1 16.2
1998 22,698 3.5 15.4 20.5
1999 27,416 4.3 18.6 24.7
2000 32,128 5.0 21.8 29.0
2001 28,352 4.4 19.2 25.6
2002 24,600 3.8 16.7 22.2
2003 20,874 3.2 14.1 18.8
2004 17,160 2.7 11.6 15.5
2005 13,485 2.1 9.1 12.2
2006 10,751 1.7 7.3 9.7
2007 8,036 1.3 5.4 7.3
2008 5,340 0.8 3.6 4.8
2009 2,661 0.4 1.8 2.4
2010 0 0.0 0.0 0.0
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D.3.3 ACCELERATED INDUSTRIAL CONSERVATION

This is an acceleration of the existing industrial conservation Energy Savings
Program (E$P) which seeks out conservation projects in all industrial firms in
the Standard Industrial Classifications (SIC) 20 - 39 except for aluminum
smelters. These industrial classifications includes food processing, wood
products, paper, and chemicals. Since this is an acceleration of an existing
program that would capture all potential by 2010, incremental savings due to
acceleration increase to 2002 and decline back to zero in 2010.

Load shapes for the industrial sector were developed by Bonneville’s
industrial load forecasters. These load shapes are quite flat over the months
of the year and hours of the day. Conservation program shapes are assumed to
be scaled versions of load shapes prior to conservation. Industrial loads are
not temperature-sensitive so they do not peak when the system loads peak.

Impacts

The baseline assumes the entire conservation potential would be acquired by
2010 and the program case acquires this amount by 2002. The incremental
conservation shown in Table D.3.4 is the difference between this program case
and the baseline which was taken from the 1990 Resource Program. Figures D-
10a and D-10b show the energy and peak savings for the baseline and program
cases. : : :

Industrial conservation is modeled as a 5% reductic~ in electrical load at all
hours of the day because the industrial supply curves indicate that the
conservation potential for industries in this area is equal to about 5% of the
industrial loads (see Figure D-10c). Program penetration rates were chosen to
meet energy targets in Figure D-10a.

Costs

The industrial supply curve report states that an akW of electricity savings -
has an average cost of $1,606. Adding 20% for administrative costs brings
this to $1,926 per akW.

As with residential weatherization, costs are reported as the finance cost of
installing conservation measures sooner than otherwise planned. This is done
by multiplying $1,926 by 3%, the real interest rate, to obtain an annual
finance charge of $57.78 per akW saved. Finally, the finance charge is
divided by peak savings in kW to derive the $56 annual finance cost per kW.
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Accelerated Industrial Conservation at

‘ _ Table D.3.4 Summary Worksheet of
Medium Load Growth

Per Unit Data:
(units are average kW of savings)

Initial Cost $1,926
Maint. Cost $0
Energy Savings 8,760 kWh per year
1 in 2 Peak Savings 1.024 kW @ 2000
1 in 20 Peak Savings 1.034 kW @ 2000
' lin 2 1 in 20
Per kW Costs:
Finance per Year $56 $56
Plant Factor 0.977 0.967
_ Peak Peak
Program Energy Savings Savings
Eligible Savings 1 in 2 'in 20
(aMW) (aMW) (MW) (MW)
1990 0 0.0 0.0 0.0
1991 0 0.0 0.0 0.0
1992 0 0.0 0.0 0.0
1993 0 0.0 0.0 0.0
1994 79 3.9 4.0 4.1
1995 164 8.2 8.4 8.5
1996 222 11.1 11.4 11.5
1997 282 14.1 14.5 14.6
1998 345 17.2 17.6 17.8
1999 409 20.5 21.0 21.2
2000 476 23.8 24.4 24.6
- 2001 542 . 27.1 27.7 28.0
2002 609 30.4 31.2 31.5
2003 495 24.8 25.4 25.6
2004 379 19.0 19.4 19.6
2005 260 13.0 13.3 13.5
2006 213 10.6 10.9 11.0
2007 163 8.1 8.3 8.4
2008 111 5.5 5.7 5.7
2009 57 2.8 2.9 2.9
0.0 0.0 0.0

2010 -0
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D.3.4 COMMERCIAL RETROFIT .

This program is an acceleration of the long term commercial acquisition
program currently under development at Bonneville. This program will provide
a package of retrofit measures for buildings in the commercial sector. The
commercial sector includes four end-uses: HVAC, lighting, refrigeration, and
other equipment (mostly equipment that plugs into an outlet).

Costs and estimates of the commercial conservation potential are taken from
the existing commercial supply curve used in the 1990 Resource program. This
program accelerates the existing program. However, the commercial
conservation baseline does not capture all of the commercial conservation by
2010. For this reason, it is assumed that all savings from the accelerated
program are from measures that otherwise would not be installed at all within
the study period.

Impacts

The commercial retrofit program was modeled as a 10% reduction in load for a
portion of commercial buildings in the Puget Sound area. Penetration rates
were chosen to meet the energy targets shown in Table D.3.5. Energy targets
are shown graphically in Figure D-1la with corresponding peak savings in
Figure D-11b. The effect of.conservation on a typical office 1lighting load
shape is shown in Figure D-11c. Table D.3.6 summarizes energy and peak
savings for each year.

Table D.3.5 Commercial Retrofit Program
Energy Targets (aMW)

Already Additional Total

Planned . Conservation Conservation
1995 24 5 29
2000 46 38 84
2005 66 60 126

2010 81 87 168

The conservation and load management team estimated that about 7% of
conservation potential could be acquired by 1995, 20% by 2000, 33% by 2005 and
the remaining 40% by 2010. A delay in the start of the acceleration from 1992
to 1994 reduces the forecasted accomplishments in the early years.

Penetration paths shown in Figures D-1l1a and D-11b were derived by linear
interpolation.

Costs

A cost of $2,212 per average kilowatt saved, with no maintenance or incentive
costs, was assumed. This cost, in terms of average kilowatts, is then ‘
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converted to a cost per peak kilowatt. For a 1 in 2 peak day, each average
kilowatt of savings has a corresponding peak savings of 1.557 kW. This
increases to 1.759 kW on a 1 in 20 day. A summary of cost per kilowatt
calculations is provided in Table D.3.6.

Issues

Conservation in the commercial sector is not broken down into separate
programs, as has been done in the residential sector. Conservation case load
shapes are simply scaled versions of base case load shapes, with all end-uses
treated in the same way. A more detailed study would model each commercial
program separately, with savings targeted to specific end-uses. Interactions
between end-uses would also need to be simulated. For example, a commercial
lighting program will decrease electricity consumption for lights, but
increase demand for electric space heat.
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

2008

2009
2010

Table D.3.6 Summary Worksheet of
’ Commercial Retrofit

Per Unit Data:
(units are average kW of savings)

Initial Cost $2,212
Maint. Cost $0
Energy Savings 8,760
1 in 2 Peak Savings 1.557
1 in 20 Peak Savings 1.759
1 in 2

Per kW Costs:
Initial Cost $1,420
Maint. per year $0
- Plant Factor 0.642
Peak
Program Energy Savings
Eligible Savings 1 in 2
(aMW) (aMw) (MW)
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
24 2.4 3.7
48 4.8 7.4
118 11.8 18.2
186 18.6 28.7
252 25.2 39.1
317 31.7 49.2
380 38.0 59.1
426 42.6 66.5
472 47.2 73.8
516 51.6 80.8
559 55.9 87.7
600 60.0 94.4
658 65.8 103.7
713 71.3 112.7
767 76.7 121.5
820 82.0 130.0
870 87.0 138.3
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D.3.5 LOW FLOW SHOWER HEADS .

This program will distribute low flow shower heads free of charge to
residences with electric water heaters. Low flow shower heads reduce the
amount of hot water required per shower so the hot water heater operates for
less time for each shower. Implementation of the program reduces demand for
electricity by reducing the number of hot water heaters operating at any given
time. The shower heads will be distributed to existing single family, multi-
family, and manufactured houses.

Impacts

Since there is no low flow shower head program in place, the baseline assumes
that no shower heads will be installed in the absence of this program. The
maximum potential for this program is assumed to be 60% of shower heads that
use electrically heated hot water. The conservation and load management team
estimated that 50% of this potential can be achieved within three years of the
program start year and that the remainder can be completed within the
succeeding five years. The penetration schedule is shown in Figure D-12a.

Each shower head will save an estimated 231 kWh per year and have a measure
life of seven years. Peak savings per shower head are 0.060 kW on a 1 in 2
peak day and 0.043 kW on a 1 in 20 peak day. As with the water heat control
program, peak savings are lower on extremely cold days. Estimated savings for
all homes combined are shown in Figure D-12b and Table D.3.7.

Costs

Equipment, installation, and administrative costs are estimated to total $20
per shower head. Cost calculations are summarized in Table D.3.7.

Issues

There has been no empirical testing of the extent to which low flow shower
heads themselves reduce peak. It is assumed that the savings from this
program will be distributed over hours in the same way as electricity _
consumption for hot water. Customer acceptance and installation of the shower
heads are still uncertain.
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Per Unit Data:
Initial Cost
Maint. Cost
Energy Savings
1 in 2 Peak Savings
1 in 20 Peak Savings

Per kW Costs:
Initial Cost
Maint. per Year

Plant Factor

Program Energy
Units Savings
(Households) (aMw)
0 0.0

0 0.0

0 0.0

0 0.0

0 0.0
120,415 3.2
239,237 6.3
356,481 9.4
425,244 11.2
492,484 13.0
559,108 14.7
624,601 16.5
689,148 18.2
684,325 18.0
679,051 17.9
674,289 17.8
669,556 17.7
664,852 17.5
660,177 17.4
655,530 17.3
650,912 17.2

Table D.3.7 Summary Worksheet for
Low Flow Shower Heads

$20

231
0.060
0.043

Peak
Savings
1 in 2
(MW)
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D.4.0 LOAD MANAGEMENT

Load management programs are designed to shift load away from the time of
system peak. A water heat control program would shut off electricity to water
heaters during morning and evening hours. This load is shifted to afternoon
or late evening. A time-of-use rate program provides different prices for
electricity during peak and off-peak hours.

D.4.1 WATER HEAT CONTROL

This program will install radio-controlled switches on electric water heaters
that will allow the electric utility to centrally unplug water heaters at the
utility’s discretion. The utility will bear the full cost of the equipment
and pay the homeowners $5-per month for the privilege of being able to curtail
water heater load as needed. The agreement, which provides the equipment and
the incentive, will specify that an interruption can occur approximately three
. to five times per month during the four winter months for which an incentive
will be paid. The program will also provide larger, high efficiency tanks for
single family dwellings.

The maximum program penetration rate is 60% for single family homes and 20%
for multi-family and manufactured homes. The Conservation and Load Management
Team felt that a 60% penetration rate was justified when larger tanks were
part of the program. Water heaters are assumed to be shut off from 7:00 a.m.
until at least 11:00 a.m. and from 5:00 p.m. to 9:00 p.m. They are shut off
in the evening so that the evening peak goes down a.ong with the morning peak.
Some of the water heaters would not come on until several hours after 11:00
a.m. or 9:00 p.m. It is important to stagger the times at which water heaters
come back on so that a new system peak is not created. Some water heat load
could be delayed until very late at night to fill the Towest point of the
system load shape.

Figure D-13a shows the estimated fraction of existing single family and multi-
family homes that would participate in a water heat.control program. The
program penetration rates increase steadily as old water heaters wear out and
are replaced. Penetration rates for manufactured homes are the same as for
multi-family homes, as shown in Tablte D.5.1. Corresponding penetration rates
for new homes are shown in Figure D-13b.

Table D.4.1 Water Heat Control Penetration Rates
Estimated for Existing Homes

Single Md]ti- Manufactured

Family Family Homes
1998 0.200 0.067 0.067
2002 - 0.400 0.133 0.133
2006 0.600 0.200 0.200

- 2010 0.600 0.200 0.200
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Impacts

Coincident peak savings for single family homes, or savings at the time of
system peak, are 1.09 kW on a normal peak day and 0.79 kW on an extreme peak
day. On an extremely cold day some water heat load shifts to later in the
morning, with less load available for shedding at the time of system peak.
Peak savings are shown, in megawatts, in Figure D-14a.

Base case load shapes for water heat control were derived from a sample of
single family homes in Washington and Oregon. The same load shapes were used
to simulate water heat consumption in multi-family and manufactured homes.
Base case load shapes for an average winter day, a 1 in 2 peak day, and a 1 in
20 peak day were derived from ELCAP data. Water heat load shapes, with and
without water heater control by the utility, are shown in Figure D-14b.

The program will also provide larger highly insulated tanks to single family
homes along with the water heat controls. The new tanks provide energy
savings of 251 kWh per year. A larger tank provides extra storage of hot
water for times when electricity is shut off to the water heater.

Costs

The controls are estimated to cost $228 for each house. The incremental cost
of a larger tank for a single family home is $120. The incentive cost is $5
per month for the 4 months for which the program operates. An additional $8
per year covers administrative costs.

Issues

The major issue is customer acceptance: allowing someone else to control
their access to hot water is something many customers will not consider, at
least not at the Tevel of incentive that would be cost-effective for the
utility. :

Another issue is the effectiveness of the delivery mechanism. In order to
capture a significant share of the replacement market, the programs must have
the cooperation of the contractors who replace the old tanks and the builders
who install tanks in new construction. This may require some type of dealer
-incentive.

A third issue is the utility’s load management communication system. Radio
broadcasting systems are the most common choice, and licenses may be difficult
and time-consuming to obtain.

A fourth issue that may impact assumptions about market penetration rate is

that smaller single family homes may not have room for larger water heater
tanks. '
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A final issue is whether it is necessary to limit program participation to a
tank replacement strategy. Many other utilities operate successful hot water
heater control programs with only a monthly incentive. This type of program
would have a greater peak load reduction potential because it wouldn’t be
limited to the new or replacement market.

Summary Worksheets

Summary worksheets are provided for single family, multi-family, and
manufactured homes in Tables D.4.2, D.4.3, and D.4.4. Each worksheet combines
data for new and existing homes. Single family homes have some energy savings
due to replacement with more efficient tanks. Multi-family and manufactured
homes have no energy savings.

Note that peak savings on a 1 in 20 day are lower than on a 1 in 2 day.

During extremely cold weather, water heat load shifts to later in the morning.
This is shown clearly in Figures D-la and D-7a. This behavior, which may be
due to work or school closures, helps to reduce peak loads. The result is
that, on a 1 in 20 day at the time of system peak, there is less load
available to shed.
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1990
1991
1992
1993
1994
1995
1996

1997

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Table D.4.2 Summary Worksheet for Single Family
Water Heat Control, Medium Load Growth

Per Unit Data:
Initial Cost
Maint. Cost
Energy Savings

1 in 2 Peak Savings
1 in 20 Peak Savings

Per kW Costs:
Initial Cost
Maint. per year

Plant Factor

Program
Units
(Households)

0

0

0

0
21,067
55,471
102,655
143,325
183,485
222,773
261,698
299,754
337,180
374,031
409,959
445,598
480,694
481,243
481,940
482,655
483,400

Energy
Savings

(aMW)

WCONITNEBEWRN—OOOOO

OO NOWOWO—PNPPNPNPNDND-EHERB0000

Peak
Savings
1 in 2
(MW)

0.
0.
0.
0.
23.
60.
112.
157.
201.
243.
285.
325.
364.
403.
441.
479.
515.
514.
514.
513.
512.

AUWOOONOULWTOE&aEdaNUUIO—~HONINOOOOO

D - 49

kWh per year
kW @ 2000
kW @ 2000

Peak
Savings
1 in 20

(MW)
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Tab]e D.4.3 Summary Worksheet for Multi-Family
' Water Heat Control, Medium Load Growth

Per Unit Data:

Initial Cost $228
Maint. Cost $28
Energy Savings 0 kWh per year
1 in 2 Peak Savings 0.646 kW @ 2000
1 in 20 Peak Savings 0.466 kW @ 2000
1 in 2 1 in 20
Per kW Costs:
~Initial Cost $353 $489
Maint. per year - $43 $60
Plant Factor 0.000 0.000
Peak Peak
Program Energy Savings Savings
Units Savings 1 in 2 1 in 20
(Households) (aMw) (MW) ~(MwW)
0 0.0 0.0 0.0
0 0.0 0.0 0.0
0 0.0 0.0 0.0
0 0.0 0.0 0.0
9,491 0.0 6.3 4.5
24,195 0.0 16.0 11.6
38,818 0.0 25.6 18.4
50,957 0.0 33.5 24.2
63,106 0.0 41.3 29.8
75,148 0.0 48.9 - 35.3
87,178 0.0 56.3 40.6
99,045 0.0 63.5 45.8
111,009 0.0 70.6 50.9
113,907 0.0 72.0 51.9
116,896 0.0 73.4 53.0
119,962 0.0 74.8 54.0
123,126 0.0 76.3 . 55.1
126,331 0.0 77.9 56.2
129,608 0.0 79.4 57.3
133,001 0.0 81.1 58.5
136,486 0.0 82.7 59.7
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Tab]e D.4.4 Summary Worksheet for Manufactured Homes
Water Heat Control, Medium Load Growth

Per Unit Data:

Initial Cost . $228
Maint. Cost $28
Energy Savings 0 kWh per year
1 in 2 Peak Savings 0.739 kW @ 2000
1 in 20 Peak Savings 0.533 kW @ 2000
1 in 2 1l in 20
Per kW Costs:
-Initial Cost $309 $428
Maint. per year $38 $53
Plant Factor 0.000 0.000
Peak Peak
Program Energy Savings Savings
Units Savings 1 in 2 1 in 20

(Households) (aMW) (MW) (MW

1990 0 0.0 0.0 0.0
1991 0 0.0 0.0 0.0
1992 0 0.0 0.0 0.0
1993 0 0.0 0.0 0.0
1994 1,892 0.0 1.4 1.0
1995 4,850 0.0 3.6 2.6
1996 7,790 0.0 5.7 4.1
1997 10,381 0.0 1.7 5.5
1998 12,982 0.0 9.6 6.9
1999 15,566 0.0 11.5 8.3
2000 18,164 0.0 13.4 9.7
2001 20,707 0.0 15.3 11.0
2002 23,228 0.0 17.1 12.3
2003 23,713 0.0 17.3 12.5
2004 24,182 0.0 17.6 12.7
2005 24,670 0.0 17.9 12.9
2006 25,160 0.0 18.1 - 13.1
2007 25,652 0.0 18.4 13.3
. 2008 26,147 0.0 18.7 13.5
2009 26,644 0.0 18.9 13.7
2010 27,143 0.0 19.2 13.8




D.4.2 TIME-OF-USE RATES

This voluntary program offers an opportunity for electric bill savings to
retail single family residential customers that sign up for time-of-use (TOU)
rates. The conservation and load management team felt that a voluntary
program could be constructed to draw 20% of single family households (see
Figure D-15a). The utility installs a TOU meter on participating houses and
sets retail energy rates so that peak rates are twice as high as off-peak
rates. Participants that do an average amount of load deferral to the
off-peak period can expect to reduce their monthly bills by $5. The TOU rates
are in effect for four months each winter. Peak hours are 7:00 am to 11:00
a.m.

Impacts

The TOU rate program assumes that electrical load is reduced by 15% at the
time of system peak in single family homes that participate (see Figure D-
15b). With 20% of homes participating, electrical demand averaged across all
single family homes would be reduced by 3% at the time of system peak.

The 15% load reduction applies from 7:00 a.m. until 11:00 a.m., with.a
six-hour payback period following. Energy payback is equal to energy saved
from 7:00 to 11:00, so there is no net energy benefit. Figure D-15c shows the
assumed hourly pattern of residential electricity consumption with and without
TOU rates. The plot is for a typical single family home with electric space
heat and water heat.

Because electricity consumption for different residantial end-uses is
forecasted to grow at different rates, peak savings per household are not
constant over time. Electric space heat becomes a smaller share of
residential electricity consumption due to new construction and loss of market
share to natural gas. Over time, residential electricity consumption becomes
less weather sensitive, and average peak savings per household declines.

Costs

The TOU meters cost $115 per household. The program will expect to provide
bill savings of about $5 per month for active program participants. Non
participants will end up paying higher bills to offset the lower bills paid by
program participants. In addition, it is assumed that administrative costs
will come to $2 per unit per year. This covers the costs of additional meter
readers as well as the costs of program administration and evaluation. Cost
calculations are summarized in Table D.4.5.
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Issues .

1.

This proposal is based on a Snohomish PUD pilot program. Although
Snohomish PUD realized an overall net peak reduction for their TOU pilot
program, during the cold weather months the peak demand of the evening
test group (TOU customers) frequently exceeded that of the evening
control group (normal electric rate customers). This included the system
peak day of February 3, 1989. In addition, the evening group increased
total energy consumption in comparison with the control group. The
reasons for these increases need to be studied further.

There is not enough data from Snohomish PUD’s TOU pilot program to
confidently predict the impacts from a region-wide, long-term program.
The load shape impacts from a long-term program may be very different
than those from a small, short-term experiment. With a long-term
program, customers would be much more likely to make investments in load
shifting devices such as clock thermostats and hot water heater timers.

A second issue is whether or not a TOU rate program should be aimed
toward, or limited-to, a specific group of residential customers. A TOU
rate program would be more effective if targeted at high electrical
consumers: larger, all-electric homes. A larger average peak kW
reduction, at a lower cost, would be realized with this type of home in
comparison to smaller homes, or homes with gas heat and gas appliances.

Another issue is re]iébi]ity. The voluntary basis of the program reduces
the reliability for peak load reduction, in co—parison to programs that
employ direct load control.

Finally, utilities that adopt TOU rates will have to modify their billing
procedures. This may be easy for some utilities, but difficult and
costly for others.
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Table D.4.5 Summary Worksheet for
Time-of-Use Rates, Medium Load Growth

Per Unit Data:

Initial Cost $115
Maint. Cost $22
Energy Savings 0
1 in 2 Peak Savings 0.461
1 in 20 Peak Savings 0.514
1 in 2

Per kW Costs:
Initial Cost $249
Maint. per Year $48
Plant Factor 0.000
Peak
Program Energy Savings
Units Savings 1 in2
(Households) (aMW) (MW)
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
0 0.0 0.0
35,051 0.0 18.5
82,768 0.0 42.8
131,628 0.0 66.4
181,644 0.0 89.5
196,200 0.0 94.6
210,797 0.0 99.4
225,952 0.0 104.2
241,208 0.0 109.4
256,751 0.0 - 114.6
259,645 0.0 114.1
262,340 0.0 113.6
265,273 0.0 113.1
268,264 0.0 112.7
271,273 0.0 113.4
274,400 0.0 114.1
277,524 0.0 114.9
280,658 0.0 115.6

kWh per year
kW @ 2000
kW @ 2000

Peak
Savings
1 in 20

(MW)
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D.5.0 FUEL SWITCHING

The Puget Sound Area Electric Reliability Plan (PSAERP) is examining a number
of alternatives for reducing peak load on the transmission system serving the
Puget Sound Area. Because the problem addressed by the PSAERP is a
transmission constraint, the load relevant to the fuel switching analysis is
annual peak kW.

Switching consumer electric loads to natural gas (fuel switching) is a part of
the solution packages being analyzed. The analysis of fuel switching was a
joint effort of the Conservation and Load Management and the Load Forecasting
Teams.

D.5.1 OVERVIEW

The fuel switching analysis was based on separating buildings into market
segments. Market segments are categories where the response of buildings to a
fuel switching program is relatively homogeneous. A preliminary analysis
screened out market segments with buildings where fuel switching would be
prohibitively expensive. The screening assumptions are described later in
this paper. : '

For market segments analyzed in detail, the number of buildings and the kW per
- building (under both normal winter and extreme cold weather conditions) were
estimated in the PSAERP load forecast. The product of the number of buildings
and kW per building gave the total electric load or "technical potential" for
fuel switching. The Conservation and Load Management Team estimated a program
participation rate and the costs of switching per building for each market
segment. The technical potential multiplied by the participation rate gives
the "achievable potential.” This achievable load is matched with costs to
determine the cost per kW for programmatic fuel switching. The cost per kW is
used to compare fuel switching with other PSAERP alternative solutions.

D.5.2 SUMMARY OF RESULTS

Some fuel switching is expected to occur as a result of market forces alone
because the price of natural gas is less than electricity throughout the
"PSAERP planning horizon (this difference is forecasted to narrow between 1990
and 2010). Approximately 200 MW of fuel switching is forecast to occur in
response to market forces by the year 2000. After market induced fuel
switching is accounted for, approximately 4,200 MW of load remains in market
segments considered available for fuel switching. This is the technical
potential for fuel switching. Of this amount, 250 MW of achievable potential
is estimated to exist. ,
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D.5.3 MARKET SEGMENTS .

For analytical purposes, buildings were categorized into relatively
homogeneous groups. Preliminary analysis screened out some categories as
unrealistic or prohibitively expensive targets for programmatic fuel
switching. Seven market segments were analyzed in detail. In each of these
segments the number of buildings and peak load per building were derived from
the PSAERP load forecast. The percentage of eligible buildings that would
participate in a fuel switching program was estimated by the Conservation and
Load Management Team. The product of eligible buildings or total peak load in
a market segment and that market segment’s participation rate gives the number
of achievable households or peak load available for fuel switching in the
market segment. The assumptions used to develop the seven market segments are
discussed in the following sections.

Screening Assumptions
Industrial and commercial sectors were screened out due to high costs of

switching, limited potential, and institutional barriers. Multi-family units
and all existing homes with zonal space heat were also screened out due to
cost and institutional barriers. Homes currently using gas were screened out.
Although some of these homes do have electric space or water heat, SW1tch1ng
was assumed to occur from market forces alone.

Segmentation Criteria

From the remaining housing stock, market segments are developed-by separat1ng
the stock by housing type (s1ng]e family or manufactured housing), housing
vintage (new units built in 1990 or later versus existing units built before
1990), and gas availability. Gas availability grou.s households depending on ‘
the requirements of connecting the household to natural gas service. The four
categories of gas availability are: 1) household already receiving natural
gas; 2) not receiving gas, but requiring only a service drop (a]so defined as
within 1/4 mile of a gas main; 3) household requiring both a main extension
and service drop; 4) more than main extension requ1red .or significant
distribution system expansion.

Housing type and vintage are available directly from the PSAERP forecast. Gas
availability was estimated as the percentage of homes in each gas availability
category for both new and existing homes by county. The initial estimates
were developed by Bonneville from population densities and natural gas service
territories. These estimates were then revised to incorporate comments and
~improved data from Washington Natural Gas, Cascade Natural Gas, Seattle City
Light, Tacoma Public Utilities, Snohomish County PUD, Puget Sound Power and
Light, the Washington State Energy Office, and the Washington Utilities and
Transportation Commission.

The gas availability ratios represent a midpoint in the time period of the
PSAERP planning horizon. The ratios can be expected to change in time due to
geographic changes in population density and the expected expansion of natural
gas distribution systems. The direction of the changes are uncertain. A :
rapid expansion and filling in of natural gas distribution systems could place
a large part of the population in either the gas-in-home or service-drop-only
category, and consequently reduce the proportion of homes in the main-

D - 57




extension and not-available categories. Another possibility would be for the
gas companies to expand their territories into areas not currently served
which would increase the amount of homes in the main extension category and
reduce the proportion in other categories. Even if an unambiguous scenario
were assumed for population density changes and gas expansion in the future,
no data currently exists to estimate the magnitude of these changes.
Therefore, the most appropriate planning assumption is to rely on midpoint
estimates based on the available data.

The electric equipment to be switched was specified for each market segment.
For most market segments, the most cost effective program is to switch both
the space and water heat equipment so that hook-up costs are spread over a
larger amount of load. However, for households with low hook-up costs
(service drop only), switching only the water heater was also analyzed. In
new homes, the space heating equipment is not yet installed and is
undetermined. The costs and load associated with space heat in these homes is
a weighted average of the current proportions of central forced air and
resistance.

Participation Rates
Experience with conservation programs indicates that only a portion of

eligible homes will participate in a program. Program participation rates
were assigned to each market segment to indicate this percentage. The rates
were developed by the Conservation and Load Management Team of the PSAERP.

The Pacific Northwest gas and electric utilities are forecasting that most new
homes built within 1/4 mile of gas mains will choose gas from market forces
alone. We assume for the PSAERP that new electric romes within 1/4 mile of
existing gas mains have chosen electric space and water heat for reasons that
would not be overcome with a fuel switching program. Therefore, the program
participation rate for new homes within 1/4 mile of a gas main is set to zero.

The above assumptions yield the following market segments:

Housing Housing Gas Electric

Type Vintage Availability Equipment
1) Single Family Existing Service Drop Central Forced Air + Water
2) Single Family . Existing  Main Extension Central Forced Air + Water
3) Single Family Existing Service Drop Water Heat Only
4) Single Family New Main Extension Space + Water
5) Manuf. Homes Existing Service Drop Central Forced Air + Water
6) Manuf. Homes Existing Main :Extension Central Forced Air + Water

7) Manuf. Homes New Main Extension Space + Water
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D.5.4 COSTS ' .

The major cost categories are equipment, administrative, hook-up and
operating. These costs vary between market segments, but not within a market
segment. The cost data was gathered from several different reports by
regional energy concerns and a survey of Puget Sound area contractors
conducted by Branch Richards Anderson Company (BRACO). A1l costs are
expressed in 1990 dollars unless otherwise noted. For purposes of the PSAERP,
it was assumed that nominal nonoperating costs increase at the rate of
inflation.

Capital costs (operating costs not included) by market segment are detailed in
Table D.5.2. This table shows costs calculated from the social and utility
perspective. Cost perspectives are detailed in a later section. Operating
costs are forecast annually and detailed in a different section.

Equipment Costs
Equipment costs include the furnace or water heater, flue, venting, piping,

other installation expenses, ductwork, and shell improvements required to meet
the housing code. An additional cost in this category is the depreciated
value of electric equipment not used after the home is switched to gas.
Equipment cost data were collected from two sources: a Northwest Power
Planning Council report, Heating New Homes: A Comparison of Heating with
Electric, Natural Gas and Fuel 0il Heating Systems, and the BRACO survey.

Administrative Costs

Administrative costs are those costs associated wit"~ design, implementation .
and oversight of fuel switching program or policies. The methods that may be

used to implement fuel switching have not yet been etermined. For purposes

of the PSAERP Environmental Impact Statement, fuel switching is implemented

similar to a conservation program. This requires inclusion of administrative

costs. Program administrative costs are set equal to twenty percent of total
equipment costs. This is roughly equal to experience in Bonneville’s

conservation program.

Hook-up Costs

Hook-up costs are the costs of connecting a household to natural gas. A cost
was estimated for the gas availability categories of service drop and main
extension. The cost of service drop only (gas availability category #2) is
$550 based on a Washington State Energy Office report, Analysis of Consumer
and Marginal Costs for Electric and Natural Gas Space and Water Heat in Single
Family Residences in Puget Sound Power and Light Company Service Territory.
The cost of a main extension only is $900 based on a report from the
Association of Northwest Gas Utilities, Coordinated Energy Deve]opment in the
Pacific Northwest. Therefore the cost of main extension plus service drop
(gas availability category #3) is $1,450 ($550 + $900). _

Operat1nq Costs

The operating cost for both gas and electric equipment equa]s the annual

energy expense. This is calculated as the product of annual energy

consumption multiplied by the price. For electric equipment, energy

consumption is taken directly from the PSAERP forecast. Energy consumption ‘
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for gas equipment equals electric kWh divided by an efficiency factor 0.75 for
space heat and 0.53 for water heat.

The price for both fuels is the wholesale marginal cost of the fuel. Retail
costs were not used because they may include other costs which are already
counted in this analysis as explicitly cost categories, such as hook-up and
administration. For electricity, the wholesale marginal cost is that used by
the PSAERP evaluation team which is Bonneville’s marginal cost for resource
planning. The wholesale marginal cost of natural gas is equal to the city
gate price as forecast in the Joint Council/Bonneville Long Term Forecast
shown in Table D.5.3.

Cost Perspective -
Costs may be calculated from several perspectives. The end-user and society

are two common viewpoints. In addition, programmatic costs of fuel switching .
may be calculated on the basis of a retail gas or electric company, a
cooperative effort of energy interests, or Bonneville, a federal wholesale
utility. The PSAERP analyzes fuel switching costs from two perspectives,
social costs and utility costs. Social costs are used as a resource selection
criteria. Utility costs are for a theoretical electric utility choosing to
encourage fuel switching.

Social costs are set equal to the incremental costs (the difference between
gas and electric) in all cost categories. The treatment of the utility costs
requires a policy decision on how the costs will be divided among various
parties. A full cost scenario was used in this analysis to determine the
maximum cost a utility may incur. This cost scenario assigns all costs
associated with switching equipment, hook-up and ac:inistration to the
utility. Operating costs are borne by the end-user and therefore not included
in utility cost calculations. In this scenario, a distinction must be made in
the calculations between new and existing homes.

For existing homes in the full cost scenario, the full costs of hook-up and
administration are assigned to the utility. The utility also pays full
equipment costs except the depreciated value of unused electric equipment.
This is a social cost of foregone useful value, but not an out-of-pocket
expense which must be paid. Operating costs are assigned to the end-user, not
paid by the utility.

For new homes, the full cost scenario retains the assumption of full hook-up
costs and administrative costs, and no operating costs. However, equipment
costs are incremental for new homes. A full equipment cost assumption for
new homes would imply that the utility pays for the space and water heat
system in a home not yet built. The working assumption in determining costs
is that the utility pays the costs of switching, not the cost involved in

"~ supplying the end-use. Therefore, incremental equipment costs are used for
new homes.

The utility cost scenario used here is a very conservative planning
assumption. If any cost sharing occurs with other parties such as gas
‘utilities or consumers, the cost scenario used here will overstate electric
~utility costs.
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Free Riders - .

It would be difficult, if not impossible, for a fuel switching policy to
effectively distinguish between otherwise equal households that will or will
not switch due to market forces alone. For the PSAERP it was assumed to be
impossible. Therefore, the program is applied both to homes within a market
segment that are forecast to remain electric (programmatic fuel switching) and
all homes forecast to switch due to the market alone (market induced fuel
switching). The homes treated by a program that would have switched without a
program are called "free riders." Free riders create an additional cost for a
fuel switching program.

The number of homes forecast to switch from market forces was estimated by
subtracting the number of electric homes in the base case forecast from the
number of homes in a forecast where electric saturation rates were held
constant at 1990 stock average levels. The difference is the number of market
induced fuel switchers.

The market induced switchers were assumed in the PSAERP to be within 1/4 mile
of existing gas mains. Homes requiring a main extension to hook-up to natural
gas are not able to readily switch and may incur significant additional
expense. As a result, market induced fuel switchers fall in to three
categories: existing single family / service drop / CFA + water heat; existing
single family / service drop / water heat only; existing manufactured homes /
service drop / CFA + water heat. The number of homes in each segment is
derived directly from the PSAERP forecast.

From a social cost perspective, free riders increase only the administrative
expense. Other costs such as equipment or hook-up would have been incurred
anyway because these are the homes forecast to switch in the base case. The
only difference is which party incurs the cost, but from society’s perspective
this is a transfer, not an additional cost. The total social cost is
increased by the number of free riders multiplied by the administrative cost
per household.

From the utility perspective, the utility is now incurring the full program
cost for each free rider. These are the homes the utility must also reach
with a program in order to reach those homes which would not switch from
market forces. The total utility cost is increased by the number of free
riders multiplied by the total program cost per household.

D.5.5 RESULTS

- The basic input data and results are summarized in Tables D.5.1, D.5.2 and
D.5.3.

Table D.5.1 shows the forecast data used to derive the number of households in
each market segment. The data are categorized by housing type-and vintage and
-equipment type. Reading down a column, the total housing stock is decreased
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by the ratios for electric saturations, central forced air for space heat and
the service drop and main extension gas availability ratios.

Table D.5.2 shows the detail of cost per household by market segment.

Table D.5.3 combines the data from Tables D.5.1 and D.5.2 and includes the kW
per household to derive the total load and cost for fuel switching. It is
important to note that the costs shown in Table D.5.3 are capital cost only
and do not include operating costs.

The cost per kW is an important basis for comparison of resources. The PSAERP
analysis will match the achievable load and capital costs documented in this
section with operating costs to derive a levelized cost per kW for the entire
fuel switching program.

In order for annual operating cost to be incorporated, the costs need to be
calculated on a levelized basis. The social costs for the entire .fuel
switching sector are levelized and detailed elsewhere in this document to
compare with other resources. .

For all market sectors the levelized cost per kW will be less than the capital
cost per kW from the social perspective. This is because levelized costs will
include operating costs which are less for gas space and water heat than for
electric equipment. Gas equipment is less efficient than-electric (ratios
given in Operating Cost section), but the loss in efficiency is more than
offset by the relatively inexpensive gas prices.

From the utility perspective, the capital cost is a fair approximation of
total costs because operating costs do not affect utility costs.

Capital cost per kW do provide a good indication of the results and the
ranking among market segments should be roughly equivalent to the levelized
cost ranking, because operating costs tend to act in the same direction for
all market segments. The capital cost per kW by market segment are detailed
in Table D.5.3. :

From both the social and utility perspectives, the least expensive market
segments (in terms of capital cost per kW) are also the market segments with
the most switchable load, the segments with existing single family homes where
both central forced air and water heat are switched. The rank of these two
segments varies in-the different perspectives because of the free rider issue.

The most expensive segment is for an existing single family home where only
the water heater is switched. This is a result of two factors. The hook-up
cost is spread over a relatively small amount of load per household because no
space heat load is switched and there are large number of free riders in this
segment because water heat equipment wears out and is turned over relatively
quickly, so there is a lot of market induced switching.
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Single Family:

1991

Households 1,092,178

Saturation
flectric Units

% Cent. Forced Alr
Elec CFA

% CFA w/SO

CFA w/SD

% CFA w/ME

CFA w/ME

Manuf. Housing:
Households
Saturation

Electric Units

% Cent. Forced Alr
Elec CFA

% CFA w/SD

CFA w/SD

% CFA w/ME

CFA w/ME

€9 -0

39%
424,857

CFA = Central Fforced Alr

SD = Service Drop
ME = Main Extension

Existing
2000
1,042,783
k1:}
396, 258.
268
103,027

15,269

Households
SPACE "[A]‘ B LR R R R \ R e
......... \ cecccccs o8 NQV - .........\ e e
2010 1991 2000 2010 Single Family: 1991
987,900 24,207 212,503 415,389 . Households 1,092,178
368 308 308 308 Saturation 128
355,644 7.262 63,751 123,484 Electric Units 782,000
26% 1008 100% 100% % CFA w/SD 318
92,467 7,262 63,751 123,484 CFA w/SD 242,420
313 0% 03 03 % CFA w/ME 228
28,665 0 0 0 CFA w/ME 172,040
228 15% 15% 15%
20,343 1,089 9,563 18,523
Manuf. Housing:
84,885 4,345 42,403 84,759 Households 105,045
768 758 75% 75% Saturation 822
64,512 3,259 31,802 63,335 Electric Units 85,927
928 92% 928 923 L Elec w/SD 318
59,351 2,998 29,258 58,268 Elec w/SD 26,637
318 0% (1} 1} 1 % Elec w/ME 22%
18,399 0 0 0 Elec w/ME 18,904
2238 158 15% 15%
13.057 489 4,770 9,500

TABLE D.5.1

Exist
1,042,
709,
219,
156,

95
76,
23,
16

ing
2000
783
682
093

. 495

80%
396

683
22%

.807

....... Ne' .. ..‘......\
1991 2000 2010
207 212,503 415,389

362 348 332
642 73.117 138,937
0% 02 0%

0 0 0
158 15% 152
296 10,968 20,841
. 345 42.403 84,759
773 762 763
342 32,422 64,379
og 0z 1}

0 0 0
152 152 15%
501 4,863 9.657




TABLE 0.5.2
Cost per Household

(1990 $)
1) Exist SF, CFA+WH, Service Drop Electric
EQUIPMENT
Water Heat
Replacement Unit 240
Installation 120
Flue, venting 0
NPV, remaining life, elect. eqpt 0
Central Forced Air
Replacement Unit 575
Installation 0
- Flue, venting 0
NPV, remaining life, elect. eqpt 0
Subtotal 935
ADMINISTRATIVE 0
KOOK-UP
Service Orop 0
TOTAL 935
2) Exist SF, CFA+WH, Main Extension
EQUIPMENT
Water Heat
Replacement Unit 240
Installation 120
Flue, venting . 0
NPV, remaining life, elect. egpt 0
Central forced Air
Replacement Unit 575
Installation 0
Flue, venting 0
NPV, remaining life, elect. egpt. 0
Subtotal - 935
ADMINISTRATIVE 0
HOOK-UP
Service Drop 0
Main Extension 0
TOTAL 935
3) Exist SF, WH Only, Service Drop
EQUIPMENT
Water Heat
Replacement Unit 240
Installation 120
Flue, venting 0
NPV, remaining life, elect. eqpt 0
Subtotal : 360
ADMINISTRATIVE 0
HOOK -UP
Service Drop 0
TOTAL 360
4) New SF, SH+WH, Main Extension
EQUIPMENT
Space Heat
Weighted Av. Equipment 2,115
Envelope effic (1991) 800
Water heat
A1l equipment and installation 400
Subtotal 3,315
ADMINISTRATIVE 0
HOOK-UP
Service Drop 0
Main Extension 0

TOTAL 3,315

Gas

250
150
150

72

900
855
400
177
2.954
0

550
3,504

250
150
150

72

900
855
400
177
2,954
0

550
900
t 104

250
150
150

622

550
1,172

4,100
420

550
5.070

550
900
6.520

Social

10
30
150
72

325
855
400
177
2.019
541

550
3.110

10
30
150
72

325
855
400
177
2,019
541

550
900
4,010

10
30
150
72
262
110

550
922

1,985
-380

150
1,755
1.014

550
900
4,219

Utility Capital

250
150
150

0

900
855
400

0
2.705
541

550
3.796

250
150
150

900
855
400

2,705

541

550
900
4,696

250
150
150

550
110

550
1,210

1,985
-380

150
1,755
1,014

550
900

4,219

250
150
150

0

900
855
400

0
2.705
541

550
3.796

250
150
150

900
855
400

2,705
541

550
900
4,696

250
150
150

550
110

550
1,210

4,100
420

550
5,070
1.014

550
900
7.534



TABLE D.5.2 (continued)

Cost per Househ
(1990 $)
5) Exist MH. CFA+WH, Service Orop
EQUIPMENT
Water Heat

Replacement Unit
Installation
Flue. venting
NPV, remaining life. elect. egpt
Central Forced Air
Replacement Unit
Instailation
Flue, venting
NPV, remaining life, elect. egpt
Subtotal
ADMINISTRATIVE
HOOK -UP
Service DOrop
TOTAL

6) Exist MH, CFA+WH, Main Extension
EQUIPMENT
Water Heat
Replacement Unit
Installation
Flue, venting
NPV, remaining life., elect. eqpt
Central Forced Air
Replacement Unit
Installation
Flue, venting
NPV, remaining life. elect. eqpt
Subtotal
ADMINISTRATIVE
HOOK-UP
Service Drop
Main Extension
TOTAL

7) New MH,SH+WH, Main Extension
EQUIPMENT
Space Heat
CFA Equipment and Installation
Water heat
A1l equipment and installation
Subtotal
ADMINISTRATIVE
HOOK-UP
Service Drop
Main Extension
TOTAL

old

Electric

240

1,500

400
1,900

1,900

Gas

250
150
100

72

.000

730
200
144

.646

550

.196

250
150
100

72
.000

730
200
144

.646

550
30

1. 96

500

,500

550
900
9

Social

10
30
100
72

425
730
200
144

486

550
2.747

10
30
100
72

425
730
200
144

1,711
486

550
900
3,647

500

100
600
500

550
900
2.550

gtaility Caprtal

250
150
100

1.000
730
200

2.430
486

550
3.466

250
150
100

1.000
730
200

2.430
- 486

550
900
4,366

500

100
600
500

550
900
2,550

250
150
100

.000

730
200

.430

486

550

.466

250
150
100

.000

730
200

.430

486

550
900

.366

.000

500

.500

500

550
900

.450
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Market Segment

(28]
1) Ex SF/CFA+MH/SD
1991 34,244
1995 33,219
2000 31,938
2005 30,302
2010 28,665
2) Ex. SF/CFA+NH/ME
1991 24,302
1995 23,484
2000 22,666
2005 21,505
2010 20,343
3) Ex. SF/WH/SD
1991 242,420
1995 225,278
2000 203,850
2005 186,829
2010 169,809
4) New SF/SH+WH/ME
1991 1,089
1995 4,855
2000 9,563
2005 14,043
2010 18,523
§) Ex. MH/CFA+WH/SD
1991 24,207
1995 23.011
2000 21,516
2005 19,958
2010 18,399
6) Ex MH/CFA+WNH/ME
991 17,179
1995 16,330
2000 15,269
2005 14,163
*2010 13,057
7) New MH/SH+WH/ME
1991 489
1995 2,392
2000 4,770
2005 7.135
2010 9,500
TOTAL
1991 343,930
1995 328,569
2000 309,572
2005 293,934
2010 278,296
SF = Single Family
MH = Manufactured Housing
SH = Space Heat
WH - Water Heat

CFA = Central Forced Alr

El1gible Cumul.
Units Part. %

SD = Service Drop
ME -~ Main Extension

(2)

03

103

703

703

Part. Extreme Part. Market
Units kW/unit Ext. MN Switched
(3) (4) (5) (6)

(1*2) (3%4)

0 8.19 0
3,322 8.16 27 1,952
15,969 8.12 130 9,385
21,211 8.08 171 12,466
20,066 8.05 161 11,793
0 8.19 0 0
0 8.16 0 0
4,533 8.12 37 0
10,752 8.08 87 0
14,240 8.05 115 0

0 0.83 0
11,264 0.83 9 10,372
40,770 0.82 33 37,540
56,049 0.81 45 51,608
50,943 0.80 41 46,907
0 4.08 0 0
146 4,05 1 0
1,434 4,01 6 0
3,932 3.99 16 0
7,594 3.97 30 0
0 4.86 0 0
1,151 4.83 6 460
4,303 4.80 21 1.719
5.987 4.77 29 2,392
5.520 474 26 2,205
0 4.86 0 0
0 4.83 0 0
1,527 4.80 7 0
2,833 4.77 14 0
3,917 4.74 19 0
0 3.91 0 0
72 31.83 0 0
572 3.72 2 0
1,570 3.65 6 0
2,755 3.58 10 0
0 0.00 .0 0
15,954 2.68 43 12,783
69,109 3.41 236 48,644
102,334 3.59 " 367 66,466
105,034 3.82 402 60,904

TABLE 0.5.3
Summary of Fuel Switching Potential

Social
('908/HH)

(7)

$3,110

$4,010

$922

34,219

32,747

$3,647

32.550

Admn
('908/MS)

(8)

3541

3541

$110

$1,014

3486

3486

- 3500

utility
(*908/HH)

(9)

$3,796

$4.696

$1.210

34,219

$3,466

$4,366

$2,550

.............................. Capftal Cost Only ----evevemmenmnmnnnnnnnenaa iy

Socfal Social Socfal Utility Utility Utiltty
Total § $/HH $/kw Total § /HH $/kw

(000)
(10) (n (12) (14) (13) (15)

(7*3)+  (11/73)  (11/5) (3+6)*9) (14/3) (14/5)

(846)

0 . - 0 - .
11,387 3,428 420 20,021 6,027 739
54,741 3.428 422  96.244 6.027 742
72.710 3,428 424 127,837 6.027 746
68,783 3,428 426 120,933 6.027 749

0 0

0 - - 0 - .
18,178 4,010 494 21,288 4,696 578
43,117 4,010 496 50,493 4.696 581
57.103 4,010 498 66,872 4,696 584
A 0 . . 0 . .
11,526 1,023 1,240 26,179 2,324 2,815
41,719 1,023 1,248 94,755 2.324 2,834
57,354 1,023 1.263 130,265 2.324 2,869
52,129 1.023 1,279 118.398 2.324 2.905

0 . . 0 - .

615 4,219 1.042 615 4,219 1,042
6.053 4,219 1,052 6.053 4.219 1.052

16.591 4,219 1,057 16.591 4,219 1.057

32,044 4,219 1,062 32.044 4,219 1,062

0 . . 0 . -

3.384 2,941 609 5.581 4,851 1,004

12,656 2,941 613 20,873 4,851 1.011

17,609 2,941 617 29.042 4.851 1,017

16,234 2,941 620 26,774 4,851 1.023

0 0

0 . - 0 . .

5.569 3,647 760 6.666 4,366 910

10,330 3,647 765 12.367 4,366 915

14,286 3,647 769 17.102 4,366 921

0 - 0 . -

183 2.550 . 183 2.550 667
1.460 2.550 685 1.460 2,550 685
4,003 2.550 699 4,003 2.550 699
7,025 2,550 712 7.025 2.550 72

0 - B 0 -

27.095 1,698 633 52.578 3.296 1.228
140.375 2,031 595 247.338 3.579 1.049
221,714 2.167 604 370,597 3.621 1.009
247.604 2.357 617 389.147 3.708 969



D.6.0 PROGRAM INTERACTIONS ‘

Estimated peak savings for the following programs are reduced when a fuel
switching program is in place.

Residential Weatherization. Fewer households with electric space heat are
available for a weatherization program.

Low-Flow Shower Heads. Fuel switching reduces the number of shower heads with
electrically heated water.

Water Heat Control. Fuel switching reduces the number of electric water
heaters available for a control program.

Time-of-Use Rates. Time-of-use rates affect all end-uses, including electric
space heat and water heat. A fuel switching program reduces the amount of
electric space heat and water heat load available for time-of-use rates.

Conservation and load management savings are estimated under two scenarios,
one with fuel switching and one without. In the fuel switching scenario,
appliances that are planned to be switched away from electricity are not
available for any other program. For example, savings for water heat control
do not include any water heaters that will later switch over to natural. gas.

D.6.1 PROGRAM ORDERING .

If two or more programs affect an end-use, then the total savings of all the
programs combined is less than the sum of all programs taken separately.
Savings from one or more of the programs must be decreased to account for the
impact of other programs already in place. Conservation and load management
programs are assigned an ordering to reduce the number of possible interactive
effects. Fuel switching comes first, conservation is. next, and load
management is last. :

Residential Space Heat Ordering

1. Fuel Switching (when present)
2. Weatherization
3. Time-of-Use Rates

If a fuel switching program is in place, that space heat system is not
available for any other program. Energy savings for residential
weatherization, in terms of annual kilowatt-hours, are based on consumption
data from homes without time-of-use rates. Therefore, weatherization is
ordered ahead of time-of-use rates. '




Residential Water Heat Ordering

Fuel Switching (when present)
Low Flow Shower Heads

Water Heat Control

. Time-of-Use Rates

W N =

As with space heat, fuel switching of electric water heaters is ordered first.
Conservation is next and load management programs are last. Water heat
control comes ahead of time-of-use rates because water heat control is a
larger program in this study.

D.6.2 SIZE OF INTERACTIVE EFFECTS

For each of the conservation and load management programs affected by fuel
switching, peak savings with fuel switching are lower than without .fuel
switching. Estimated peak savings for water heat control are reduced by 30
megawatts, or 8.4%, in the year 2003 with fuel switching in place. Peak
savings for time-of-use rates are reduced by 7.2 megawatts or 5.6%. Savings
for residential weatherization and low flow shower heads drop by 3.4 and 2.2
megawatts respectively.

Table D.6.1 Fuel Switching Impact on Other Programs
Peak Savings in MW
Extreme Peak Day

WZSF LF WHSF WHMH T0U
1996 no FS 27.9 10.3 81.2 4.1 72.9
with FS 27.4 - 10.1 79.0 4.1 71.8
2003 no FS 43.3 29.5 291.2 12.5 128.8
with FS 39.9 27.3 262.4 11.5 121.6
2010 no FS 0.0 28.1 369.9 13.8 132.1
with FS 0.0 25.6 326.9 12.5 123.0
FS = Fuel Switching
WZSF = Weatherization, Single Family
LF = Low Flow Shower Heads
WHSF = Water Heat Control, Single Family
WHMH = Water Heat Control, Manufactured Homes
TOU = Time-of-Use Rates
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D.7.0 HIGH AND LOW LOAD GROWTH ‘

The Long Term Forecasting Section at Bonneville has provided medium growth
forecasts for the Puget Sound area by sector and end-use. The high and low
forecasts were derived from the medium forecast by scaling the number of
households, square feet, or average megawatts up or down. Scaling factors are
based on the 1989 regional long-term forecast. Saturation rates, or market
shares of electricity, were not changed.

D.7.1 ASSUMPTIONS BY SECTOR

Residential Sector

The medium forecast has household counts for single family, multi-family, and
manufactured homes. Scaling factors were calculated for both the high and low
cases, but the factors are the same across housing types. Scaling factors are

set to 1.0 in 1990 and increase linearly to the year 2010, as shown in Table
D.7.1.

Table D.7.1 Residential Scale Factors

High Medium - Low
1990 1.000 1.000 1.000
1995 1.071 1.000 0.940
2000 1.142 1.000 0.881 _
2005 1.213 1.000 0.821
2010 1.284 1.000 0.761

Key figures are the high and Tow scale factors in 2010. Other factors are
linearly interpolated. Data .to calculate residential scale factors in the
year 2010 are taken from Table 7 in Forecast of Electricity Use in the Pacific
Northwest (Bonneville Power Administration and Northwest Power Planning
Council 1989, p.24).

1.284

(2.542 + 3.612)/(1.972 + 2.819)

0.761 = (1.489 + 2.159)/(1.972 + 2.819)
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Commercial Sector

The medium forecast has two building types, office and non-office. As in the
residential sector, the commercial scale factors are the same for each
building type. These are shown in Table D.7.2. Units for the commercial
sector are thousands of square feet.

Table D.7.2 Commercial Scale Factors

High Medium Low

1990 1.000 1.000 1.000
1995 1.089 1.000 0.942

. 2000 1.178 1.000 0.885
2005 1.267 - 1.000 0.827
2010 1.356 1.000 0.769

Data to calculate commercial scale factors in the year 2010 are taken from
Table 10 in Forecast of Electricity Use in the Pacific Northwest (Bonneville
Power Administration and Northwest Power Planning Council 1989, p.29).

1.356 = (1236.2 + 2603.0)/(901.5 + 1929.2)

0.769 = (694.4 + 1482.1)/(901.5 + 1929.2)

Industrial Sector

Because of the wide variety of industrial electric loads, units are average
megawatts. The industrial scale factors are shown in Table D.7.3.

Table D.7.3 Industrial Scale Factors

High Medium Low
1990 1.000 1.000 1.000
1995 1.128 1.000 0.933
2000 1.257 1.000 0.865
2005 - 1.385 1.000 0.798
2010 1.513 1.000 0.730
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D.7.2 TABLES .

Numbers of households for low, medium, and high load growth are shown in Table
D.7.4. Forecasts of commercial floor space are in Table D.7.5. Breakdowns by
building type are shown in Tables D.7.5, D.7.6. and D.7.7.

Table D.7.4 Residential Sector Growth Scenarios

Low Med High
1990 1,634,916 1,634,916 1,634,916
1991 1,654,756 1,674,769 1,698,551
1992 1,675,208 1,716,226 1,764,967
1993 1,689,513 1,752,334 1,826,984
1994 1,701,805 1,787,234 1,888,749
1995 1,709,138 1,817,749 1,946,809
1996 1,715,387 1,847,880 2,005,319
1997 1,722,009 1,879,204 2,065,997
1998 1,729,363 1,912,166 2,129,388
1999 1,733,933 1,942,891 2,191,193
2000 1,739,666 1,975,771 2,256,330
2001 1,743,300 2,007,138 2,320,653
2002 1,746,896 2,039,337 2,386,840
2003 1,749,377 2,071,127 2,453,457
2004 1,750,558 2,102,267 2,520,198
2005 1,752,418 2,135,142 2,589,928
2006 1,754,147 2,168,826 2,661,584
2007 1,755,320 2,202,824 2,734,585
2008 1,756,447 2,237,798 2,809,779
2009 1,757,201 2,273,369 2,886,724
2010 1,757,509 2,309,473 2,965,363

Number of Households
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1990
1991
1992
1993

1994

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Table D.7.5 Commercial Sector Growth Scenarios

Thousands of Sduare Feet

Low

812,546
832,172
851,119
869,389
886,981
903,895

915,014

925,582
935,599
945,066
953,981

967,919

981,159
993,700
1,005,543
1,016,687
1,027,133

1,036,880

1,045,929
1,054,279
1,061,931

Med

812,546
841,896
871,245
900,595
929,944
959,294
983,146
1,006,998
1,030,850
1,054,702
1,078,554
1,108,791
1,139,028
1,169,265
1,199,502
1,229,740
1,259,977
1,290,214
1,320,451
1,350,688
1,380,925

High

812,546

856,881

902,262

948,687

996,156
1,044,671
1,088,146
1,132,470
1,177,643
1,223,665
1,270,537
1,325,892
1,382,325
1,439,833
1,498,418
1,558,080
1,618,818
1,680,632
1,743,523
1,807,491
1,872,534



Table D.7.6 Low Growth by Building Type
Puget Sound Area

Number of Households Floor Space (000 sq.ft.)

Single- Multi- Manu- Non-

Family Family factured Office Office
1990 1,097,667 431,144 106,106 184,682 627,864
1991 1,103,044 443,629 108,083 191,514 640,658
1992 1,108,454 456,222 110,532 198,136 652,983
1993 1,111,167 465,666 112,680 204,549 664,840
1994 1,112,515 474,570 114,720 210,753 676,228
1995 1,111,752 481,741 115,645 216,747 687,148 .
1996 1,110,824 487,919 116,644 220,393 694,621
1997 1,109,663 494,626 117,720 223,882 701,700
1998 1,109,020 501,387 118,956 227,215 708,385
1999 1,106,624 507,204 120,105 230,391 714,674
2000 1,105,280 512,966 121,420 233,412 720,569
2001 1,102,640 518,168 122,492 238,852 729,068
2002 1,099,666 523,731 123,499 244,067 737,092
2003 1,096,545 528,390 124,442 249,058 . 744,643
2004 1,092,253 - 533,075 125,230 253,824 751,719
2005 1,088,614 537,763 126,040 258,365 758,322
2006 1,084,859 542,503 126,785 262,682 764,451
2007 1,080,818 547,038 127,463 266,774 770,106
2008 1,076,883 551,490 128,075 270,542 775,287
2009 1,072,562 556,019 128,620 274,285 779,994
2010 1,067,903 560,507 129,099 277,704 784,228
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

2000 -

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Table D.7.7 Medium Growth by Building Type
Puget Sound Area

Number of Households

Single- Multi- Manu-
Family Family factured
1,097,667 431, 144 106,106
1,116,385 448,994 109,390
1,135,595 467,392 113,238
1,152,483 482,981 116,870
1,168,362 498,393 120,479
1,182,401 512,354 122,994
1,196,621 525,605 125,653
1,210,959 539,779 128,466
1,226,250 554,386 131,531
1,239,984 568,328 134,579
1,255,287 582,585 137,899
1,269,518 596,589 141,031
1,283,757 611,406 144,174
1,298,224 625,573 147,329
1,311,701 640,176 150,390
1,326,365 655,210 153,567
1,341,319 670,751 156,757
1,356,363 686,501 159,959
1,372,000 702,624 163,174
1,387,621 719,346 166,402
1,403,289 736,540 169,644
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Floor Space (000 sq.ft.)

Non-
Office Office
184,682 627,864
193,752 648,144
202,822 668,424
211,891 688,703
220,961 708,983
230,031 729,263
236,803 746,343
243,575 763,423
250,347 780,503
257,119 797,583
263,891 814,663
273,614 835,177
283,337 855,691
293,061 876,205
302,784 896,719
312,507 917,233
322.230 937,746
331.953 958,260
341.677 978,774
351.400 999,288
361.123 1,019,802



Table D.7.8 High Growth by Building Type
Puget Sound Area

Number of Households Floor Space (000 sq.ft.)

Single- Multi- Manu- Non-

Family Family factured Office Office
1990 1,097,667 431,144 106,106 184,682 627,864
1991 1,132,238 455,370 110,944 197,201 659,681
1992 1,167,846 480,666 116,454 210,042 692,219
1993 1,201,579 503,556 121,849 223,206 725,480
1994 1,234,725 526,702 127,322 236,694 759,463
1995 1,266,351 548,731 131,726 250,504 794,167
1996 1,298,573 570,387 136,359 262,094 826,052
1997 1,331,329 593,433 141,236 . 273,924 858,546
1998 1,365,552 617,364 146,472 285,996 891,647
1999 .. 1,398,455 640,960 151,778 298,309 925,356
2000 1,433,537 665,312 157,480 310,864 959,673
2001 1,467,817 689,777 163,059 327,188 998,705
2002 1,502,509 715,590 168,741 ' 343,858 1,038,466
2003 1,537,876 741,054 174,526 360,875 1,078,958 °
2004 1,572,467 767,443 180,288 378,238 1,120,181
2005 1,608,881 794,769 186,277 395.946 1,162,134
2006 1,646,067 823,145 192,372 414 )01 1,204,817
2007 1,683,790 852,223 198,573 432.402 1,248,230
2008 1,722,683 882,215 204,881 451.150 1,292,373
2009 1,762,002 913,426 211,297 470.243 1,337,247

2010 1,801,823 945,717 217,823 489,683 1,382,852
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