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Preface

The preparation of this report was very much a collaborative

efforts Howard Geller of ACEEE served as principal investigator and

coordinator. He authored the clothes dryer assessment, the

scenarios analysis, and co-authored the air condi tioner and lighting

assessments with Olivier de 1a Moriniere and Anibal de Almeida,

visiting researchers at Lawrence Berkeley Laboratory. Alan Meier of

Lawrence Berkeley Laboratory and Howard Geller authored the water

heating assessment~ David Goldstein and Peter Miller of the Natural

Resources Defense Council authored the refrigerator, freezer, and

range assessments@

The pOlicy issues section of the report was authored by Linda

, consultant to PG&E and Barbara Barkovich, consultant. Carl

Blumstein of the University of California, Berkeley and Art Rosenfeld

of Lawrence Berkeley Laboratory assisted in organizing and reviewing

the entire study$ Eric Hirst of Oak Ridge National Laboratory also

ovided comments on an early draft~

The study could not have been possible without assistance from

many ividuals at PG&E@ Lee Callaway conceptualized and initiated

the study@ Linda Schuck provided..-much help and guidance as project

Karen La the Economics and Forecasting Dept$ was

helpful in providing information concerning PG&E's end-

use st and model $ Others from PG&E including Vince Baclawski,

Mi Katz, Mike Koszalka, Ed Mah, Paula Rosput, Bill Smith, and Barry

Wong provided valuable information and reviewed a draft report.
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EXECUTIVE SUMMARY

A. Overview

This report evaluates the technical potential for cost-

effective electricity savings in PG&E's residential sector. The

potential savings are termed a "conservation power plant" to signify

that improved end-use efficiency is one of the resource options

available to the utility. This conceptual approach is in accordance

with o~her studies conducted by PG&E.

The first step in assessing the feasibility of a residential

conservation power plant is to determine its potential size and

composition -- How much cost-effective conservation is potentially

available? What technologies and options look most promising ~n

terms of savings~ cost-effectiveness, and commercial availability?

To answer these questions, this report examines the potential

for electricity conservation in seven major~ residential end-uses,

namely:

1) refrigerators;
2) freezers; .
3) water"heating;
4:) lighting;
5) central air conditioning;
6) cooking;
7) clothes drying@

, these ses account for about 70%.of the electricity

in PG&E's residential sector.

Part II of the study includes technology assessments in these

seven end-use areas ~ Cu~rently available and advanced technologies

are evaluated on the basis of cost, electrici ty and peak power

savings, cost-effecti veness and status ~ The electric i ty-conservi ng
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options do not involve any reduction in amenity or comfort levels.

Part III of the study develops three scenarios for electricity

use in the seven end-use areas over" the next 20 years. Included are a

base scenar"i 6 tha t' f s ~l ose to·oPG& E' s °198 5° end~use forecas·t 1 a curren t

technol scenario assuming a higher penetration of cost-effective,

energy-efficient technologies .now available but not yet widely used,

and a technical tential scenario assuming a high penetration of bo~h

energy-efficient products now available and advanced technolo~ies

not yet commercially available. The same overall equipment stocks

and replacement rates are used in all scenarios.

The scenarios analysis shows that relative to the base"case, the

savings potential in the current technology scenario is 5180 GWh/yr

and 1790 MW of summer peak demand by 2005. Electrici ty consumption in

2005 is, 25% lower than in the base scenario@ In the technical

potential scenario, the savings potential in 2005 'is 9260 GWh/yr and

3240 MW of summer peak demand @ In thi s case, electric i ty consumption

in 2005 is 44% lower than in the base scenario. The end"-uses

presenting the greatest electrici ty savings potenti~l are

igerators and lighting, while CAe offers the majority of the

potenti savi s in summer demand@

B$ Technolo Assessments

In each technology assessment, a ubaseline technology" and

various icity-conserving options are considered. The energy

performance of the baseline technology is close to that for the

cal appliance model currently being purchased.

The cost-effectiveness of the conservation measures is

evaluated from the perspective of utility ownership, considering only
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the extra first cost for the efficiency measures. Program's to

promote the pur.chase of more efficient equipment are not included in

the study, nor is the potential increase in equipment usage as a

consequence of lower utility bills accounted for. Cost

effectiveness is determined by comparing the costs of electrici ty and

peak .demand savings to PG&E's 'marginal electricity supply costs.

The options covered in the assessments include technologies now

wi.dely avai lable in the u. S 0 (i. e., mass-produced and read i ly

obtained), advanced technologies now under development or at the

prototype stage, and technologies widely available in other

industrialized countries but not in the u.s. In a few cases, the

authors have conducted original analysis combining advanced product

features to generate hypothetical advanced models@

The major conclusions from the technology assessments are

presented below@

1. Refri rators and freezers

Although considerable progress has been made in improving the

efficiency of.new refrigerators and freezers in recent years, the

ial for further· cast-effective energy savings is tremendous.

By combining a variety of design options sU'ch as more efficiel:1t motor

compressors, improved insulation~ and better refrigeration system

sign, it is possible to reduce energy consumption by as much as 85%

ative to the electricity use typical of models produced in 1985

t 1165 kWh/yr for" top-freezer refrigerators) $ Furthermore,

izing the full savings potential from refrigerators and freezers

has an average cost- of saved energy of only $O~02-0.04/kWh, compared

to PG&E's marginal electricity supply costs of $O*06-0@lO/kWh during
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1986-2005.

Most of the savings potential is not yet available in mass

produced refrigerato~..s and ~reezers in the U.5. We believe, however,

that commercial models exhibi ting ver.y low energy consumption could

become widely available by the early-1990's if manufacturers decide

to move forward. It should be noted that very efficient custom-made

refrigerators are ,already produced in the U.S.; Japanese

manufacturers also appear to be offering some highly efficient

models.

2@ Wate.r heating:

Electrici ty consumption for water heating can be reduced by 50

75% using heat pump wate~ heaters rather than electric resistance

heating@ Products for realizing much of this savings potential are

now commercial available and cost ......effective@ As long as hot water

consumption is sufficiently high (40-50 gal/day), heat pump water

hea tel'S are generally cost-effecti ve compared to the marginal

~electri ty supply costs.

Reducing hot water demand in areas such as clothes washing and

dishwashing· can provide cost-effecti ve energy savings as well.

Front-loading 0 S washers are a water-c9nserving option

currently available; technolQgies allowing low-temperature

di ing are expected to be available by 1990.

8 3@ Lighting

ial electricity savings are technically and

economically feasible in th.e area of residential lighting. Compact

fluorescent light bulbs are now ~eaching the marketplace and this

technology 'is rapidly improving @ Compact fluorescent bulbs consume
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60-75% less power than incandescent bulbs for the same amount of light

output. They are cost-effective in commonly used lamps and fixtures

(at least 1.7 hours per day).

Slightly improved incandescents are widely available and

economical in low-use applications. Also, a coated incandescent

bulb that provides a 50% savings compared to conventional

incandescents is expected to be available in the near future.

4. Central air itioners

Numerous technologies are available to reduce electrici ty

consumpti on and peak power demand from central ai r condi tioni ng (CAe)

systems@ Use of window film on south and west-facing windows is a

cost-effective means for obtaining about a 10% reduction in cooling

requirements@ More efficient CAe systems providing about 30%

savings compared to ordinary systems should be cost-effecti ve on the

basis of annual electricity savings in high-use applications (3000

hours/YI; or more) if expected equipment price reductions are

realizede

Indirect evaporative cooling is an emerging technology that

great omise for providing on the order of 75% energy and peak

power savings in residences in a cost-effective manner. Indirect

evaporative cooling does not create the high indoor humidity levels

ordinary evaporative coolers. It is estimated that

cost

itioni

saved energy is $O.025-0.05/kWh as long as air

is needed at least 1000 hours/yr.

Thermal storage of "coolth" is another potentially attractive

technique for reducing the peak power demand for air conditioninge

Various systems are currently being developed and commercialized for
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the residential market.

5. Cooking ranges

Using simpler technologies such as increased ins~lation, better

oven door seals, reduced thermal mass, and burner elements wi th less

contact resistance, it should be possible to lower the electricity

consumption of electric ranges by about 20% in a very cost-effective

manner. Although these improvements present no significant

technical challenges, it is uncertain whether ranges including a full

set of indi vidually modest efficiency improvements are commercially

available at the present time@

Induction cooktops, now commercially available, are estimated

to consume about 15-25% less electrici ty than conventional electric

cooktops besides provid~ngother major benefi ts. Induction cooktops

are not cost-effective, however, when evaluated strictly on the basis

of energy performance (i@e., credit for the other benefits must be

taken in order to justify their use)~

An innovative oven design, known as the bi ...... radiant oven,

consumes about 70% less electricity than conventional ovens and is

cost-effective on the "basis of its cost of saved energy.

tunate , rna turers do not appear to be interested in

producing is oven design at therpresent time because of uncertain

consumer response and other factors~

6. Clothes dryers

Moisture sensor and automatic termination controls are

available with clothes dryers~ This cost-effective feature

typically resul ts in 10-15% electrici ty savings @ A number of

innovative clothes dryer technologies are under development and some
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are already commercially available overseas. These include dryers

with exhaust heat recovery, heat pump dehumidification dryers, and

microwave dryers. The estimated electricity savings are 40% with the

microw·ave dryer and 50-70% wi th the hea t pump dryer I and both of these

advanced technologies appear to cost-effective relative to PG&E's

marginal electricity costs.

c. Scenarios Analysis

The three scenarios mentioned previously are developed by

modeling' equipment stocks, new purchases, and retirements along wi th

average energy consumption year-by-year for each end-use@ Most of

the demographic assumptions as well as the unit energy consumption

.values in the base scenario are taken from PG&E's residential end-use

model @ The technology assessments serve as the basis for the

a ions regarding the energy consumption of new models in the

. current technology and technical potential scenarios. Of course,

only cost-effective technologies are include9 in the scenarios when

are expected to be availablee No attempt is made to limit the

savings due to implementation problems or other constraintse

Table 1 shows the principal results of the scenarios analysis.

In se case I overal~ electrici ty consumption for the seven end-

uses increases 37% between 1985 apd 20059 Electricity consumption

per household declines about 8% over this period. In the current

scenario, total electrici ty consumption for the seven end-

uses remains nearly constant during the next 20 years I and consumption

household declines 31%. In the technical potential scenario,

absolute electricity consumption drops 24% between 1985 and 2005,

with consumption per household falling by nearly 50%.
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Table 1 - Energy consumption and peak power demand
in the three scenarios ----- -- --- -------

Base
Scenario

Current
Technology
Scenario

Technical
Potential
Scenario

Electricity consumption
in 2005 (GWh/yr)

Peak power demand
in 2005 (MW)

Change in electricity
consumption (1985-2005)

Change in el. consumption
per household (1985-2005)

Change in peak power
demand (1985-200S)

Change in peak demand
per household (1985-2005)

Change in el@ consumption
in 2005 relative to base
scenario

20,800 15,600 11,600

5,750 3,960 2,510

+37% +3% -24%

-8% -31% -50%

+57% +8% -32%

+5% -28% -55%

-25% -44%

Change in peak demand
in 2005 relative to base
scenario

-31% -56%

0.=::: h e* :::::::: 1llI£ 2& ;; g: £L::=55

F 2 the savings in electrici.ty consl;lmption and

peak power demand over time in the current technology and technical

ial scenariosG> The savings are determined relatiye t.o the base

case scenario. As indicated in Table 1 and Figure~ 1 and 2, the

savings potentials in the current technology scenario are 5180 GWh/yr

and 1790 MW of peak demand by 2005. These are 25% and 31% reductions

from the base case, respectively. A reduction in electricity

consumption of 5180 GWh/yr is equivalent to the output from
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approximately 1000 MW of baseload generating capacity.

In the technical pot~ntial scenario, the savings potentials by

the year 2005 are 9260 GWh/yr and 3240 MW of peak demand, 44% and 56%
~ .. - .

reductions from the base case. A reduction in consumption of 9260

GWh/yr is equivalent to the output from about 1800 MW of baseload

generating capacity.

Figures 3'and 4 show the estimated electricity consumption and

peak power demand in the year 2005 by end-use and scenarioe

Refrigerators and lighting are the end-uses offering the greatest

electrici ty savings potential e Lighting provides about 40% and

refrigerators about 25% of the total savings in the technical

potential scenario. In terms of peak power demand, air conditioning

stands out, providing about two-thirds of the total savings in the

technical potential scenario@

D@ itative Issues and Conclusion

The fourth ?art of the report includes a d,iscussion of some of the

qualitative characteristics of a onservation power plant". In

comparison to traditional power plants, it has a number of advantages

-- shorter lead time, low risk of environmental degradation, no

interest charges or capi tal exposure during implementation, maximum

flexibi 1 i ty, and improved control,.over load shape. It would be more

1 i ly to recei ve regulatory approval and enhance customer relations @

On other hand, there are significant uncertainties related to the

e veness of technologies, implementation, customer response,

and changes in the regulatory and political environment. But through

technical R&D as well as program experimentation and evaluation, it

should be possible to limit these uncertainties to manageable levels.
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Figure 4
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The final chapter provides recommendations for further

evaluation and development of the conservation power plant. The

recommendations are grouped under the headings of 1) continued

scenario development; 2) program option assessment; 3) further

technology R&D; and 4) intra-utility and regulatory issues.

In conclusion, it is now clear that there is substantial

potential for cost-effective electricity and peak demand savings in

the residential sector $ Building a ·"conservation power .plant" in

this sector presents PG&E with an opportunity for minimizing the cost

of energy services among its customers. The next challenge is to

better define the design of the conservation power plant and the

requirements for building it.
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PART I - INTRODUCTION

A. Background

This report discusses the technical potential for electricity

conservation in PG&E' s residential sector over the nex't 20 years 0 It

is the first step of the residential "conservation power plant"

project initiated by PG&E's Residential Conservation Services (ReS)

Department.

The project was proposed in consideration of PG&E' s stated goals

for avoiding" large capi tal projects in the future I' the company is

present and expected electric supply situation over the next 20 years,

and its commitment to offer customers cost-effective options for

reducing th~ir energy billse Although PG&E is capacity rich in the

near-term, add i tional generati ng capac i ty was projected to be needed

~tarting in the late-1990's@

The ReS Department posed the question n~an the a~di tional need

for energy ces be met wi th a so-called conservation power plant"?

In qther words, can PG&.E develop and implement addi tional residential

conservation and load management programs that could be depended upon

to reduce demand sufficiently to defer or eliminate the need for a

substantial amount of new generation capacity in the next 20 years?

, cou such a "conservation power plant" be cost .....competi ti ve wi th

resource options, both those operating now and those planned for

The concept of a conservation power plant did not originate with

is study@ In 1983, the city of Austin, Texas, and the municipal

utility there established an intent to achieve 553 MW of electricity
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demand savings by 1997. The collection of programs planned and

developed to accomplish this goal was termed "Austin's Conservation

Power Plant"@

In the past, PG&E has included savings from its conservation

programs in forecasts (e.g., over 1500 MW of conservation savings were

included in the 1982 long-term plan). The concept of implementing a

conservation power plant differs from PG&E's current collection of

residential conservation programs in a number of ways@ First, it is

strategically designed around technical and economic opportunities

and the resource needs of th~ company. Many of the current Res

programs, -'on the other hand, were designed in response to federal and

state mandates rather than through. an analysis of savings

opportuni ties and consideration of the broad interests of the Company

and its customers@

Second, the conservation power plant c.oncept introduces a

fundamental goal and a measure of success. Current programs have

m~ltiple, shifting, and sometimes confli.cting goals$ Third, by

naming the collection of conservation technologies and programs a

"power plant", it directly acknowledges the value of conservation to

utili s comparison th other resource options.

Finally, is an important customer relations element. We

ieve that by aggressively pursuing residential electricity

conservation and terming ita "conservation power plant", PG&E would

receive stronger support from its customers and regulators~

The first step in assessing the feasibility of a residential

conservation power plant is to determine its potential size and

composi tion -- How much cost-effective conservation is potentially
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available? What technologies and options look most promising in

terms of savings, cost-effectiveness, and commercial ·availability?

The purpose of this report is to answer these questions.

Seven major end-uses are considered in this study, namely:

1) refrigerators;
2) freezers;
3) water heating;
4) lighting;
5) central air conditioning;
6) cooking;
7) clothes drying.

Together, these end-uses account for about 70% of the electricity

consumed in PG&E' s residential sector * Other end-uses such as space

heating or televisions individually account for only a small fraction

of residential electrici ty consumption and therefore are not included

in the study.

B@ Report outli

The second part of the report (Chapters 2-8) contains technology

assessments for the seven electrical end-uses listed aboveo In each
""

assessment, various energy-conserving options are described and in

most cases compared to a "base" technology@ The base technology is

close in energy performance to the typical appliance model currently

being purchased ~ The factors considered for each technological

option include unit energy consum9tion (iee., the energy used by an

i ivi model), first cost,· ~ost-effectiveness, and status@

t·o the stage of development and commercial availabili ty

different options.

The technical options covered in the assessments include

technologies now widely available in the u.s. (iee., mass-produced

and readily obtained) , advanced technologies now under development or
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at the prototype stage, and technologies widely available in other

industrialized countries but not available in"the u.s. at the present

time. In a few cases, the authors have conducted original analysis

combining advanced product features to generate hypothetical

advanced.models. All of the options examined have a high probability

of being technically achievable during the next 20 years.

The third part of the report (Chapters 9-10 and the Appendices)

develops various scenarios for energy consumption in the future for

the seven end-uses under consideration. The scenarios developed

are: 1) a base scenario which is very close to PG&E's own end-use

forecast as of 1985 and includes some adoption of more efficient

equipment; 2) a current technology scenario which assumes high

penetration of energy-efficient technologies now widely available;

and 3) a technical tential scenario which assumes a very high

penetration of more efficient technologies, both currently available

and advanced technologies, over the next 20. years.

In each scenari os, both summer peak demand (MW) and total

electricity consumption (GWh) are tracked through the year 2005 by

end-use@ In the current technology and technical potential

scenarios, neither ear product retirement nor fuel switching (i.e.,

tching from gas-fired to el~ctrical""'equipment) are assumed

tive to base case$ Of course," the electricity savings

potenti d be greater if ei ther of these options are pursued and

included in the power plant.

The scenarios are d~veloped by modeling equipment stocks, new

purchases and retirements, and average energy consumption year-by

year for each end-use. Most of the demographic assumptions as well as
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the unit energy consumption values in the base scenario are derived

from PG&E*s residential end-use model. For the technical potential

and current technology scenarios, the assumptions regarding

improvements in new product efficiencies in the future are based on

the technology assessments presented in Part IIo The methodology is

described in more detail at the beginning of Part III.

The final part of the report includes a chapter discussing some

of the broad issues related to PG&E pursuing a conservation power

plant instead of other resource options$ The issues addressed

include technological uncertainty, implementation concerns, lead

time, and environmental irnpacts9 This portion of the report is

focused around the themes of uncertainty and risk.

If it is reasonable to view the technology assessments portion of

is report as the definition of the building materials and components

available for constructing the conservation power plant, then the

current technology and the technical potentia.l scenarios are ini tial

examples of ways in which the materials and components might be

assembled, without any limitations placed on "plant size". Of

course, many other factors must be considered before a conservation

power plant is emented *ll The final chapter of the report includes

a discussion of the next steps for geveloping this conservation power

plant~
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PART II - TECHNOLOGY ASSESSMENTS

Chapter 2 - METHODOLOGY

A. Energy and power savings

As mentioned in the introduction, a large number of technical

options for reducing residential electricity consumption are

examinede The options are primarily ways of increasing the energy

efficiency of refrigerators, water heaters, light bulbs, and the

other products. In a few cases, the options involve technical means

for lowering the demand for hot water, space cooling, etCe None of

the options involve reduced amenity levels or lower standards of

living; they are simply "technical fixes" for conserving electricity"

The different options are evaluated ,in terms of both annual

energy savings (kWh) and peak power savings (kW) during the summer

peak demand period. Energy and power savings are based on laboratory

test ratings for the most part. Studies ....of refrigerators show

relatively close agreement between laboratory and field performance

[1] ~ Furthermore, since we are primarily interested in estimating

the difference in energy and power use between options (and not the

te levels) I i a.nalysis on laboratory test

ratings is reasonable~ Also, un~ike home weatherization measures

actual energy savings are highly unpredictable, ·i t is fair to

assume that installing energy-efficient appliances and lighting

11 provide the anticipated savings on the average.

As part of the technology assessments, assumptions are required

regarding peak load and peak savings for each end-use and technology

option~ Peak demand and reductions in peak demand are calculated
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using the overall summer peak-to-average load factors shown in Table

1. These factors were derived from load curves used by the California

Energy Commission in its biennial electricity forecasts [8].

Table 1 - Assumed Equipment Lifetimes and Summer
peak-to-average load factors---

End-use

Central AC
Refrigerator
Freezer
Cooking
Water heating
Clothes dryer
Lighting

Lifetimea

(yrs)

15
20
20
18
13
18

Load
factor b

16.60
1.17
1@15
2.81
1008
1056
0.56

asources: "Staff Report on Proposed Revision on Appliance
Efficiency Standards for Central Air Conditioners under 65,000
Btu/hour", Docket 84-AES-2, California Energy Commission, Nov.
1984 and "Consumer Products Efficiency Standards Economic
Analysis Document", DOE/CE-0029, U.5& Dep~. of Energy, 1982@

b toad factors based on peak demand occuring between 2:00 P.M.
and 6:00 P@M~ Source: 1985 CFM 6 Forecast, California Energy
Commission, Aug~ 1985~

=== ::,z= ZiL JZL C Z ===== :: ...

'effici

is a general concern that improvements in energy
It"

can lead to a "takeback effect" whereby the consumer

responds to reduced electrici ty bills in part by increasing equipment

use, whi in turn lowers the energy savings [3] ~ This could occur

th air conditioning and water heating, but is not likely to be a

problem wi th refrigerators, freezers, ranges and clothes dryers where

equipment use is probably not very sensitive to changes in the total

utility bille Since it is not possible to gauge the magnitude of any
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takeback effect and because the consumer will benefi t when it occurs I

this factor is not included in the savings analysis.

There are some generic options for reducing household

electricity conservation that do not apply to specific end-uses.

These include computerized control systems and "smart meters" that

can be used along wi th spot pricing [4]. Al though these options are

not explicit.ly examined in this study, they could prove to be

attractive and merit further attention. Such technologies might

substi tute for or complement various measures that are analyzed here '0

Be Cost-effectiveness

In order to analyze the cost-effectiveness of the different

technology options, the cost of saved energy (CSE) and cost of

conserved peak power over 20 years (CCPP20) are calculated~ CSE is

gi van by the annualized extra cost for an option divided by the annual

energy savings [5] ~ At this stage of the analysis, the extra cost

corresponds only to the cost of the effici~ncy measures; utility

ogram costs and other additional costs are not includedo

For many options, the CSE is determined two different wayse The

first calculation considers the electricity savings and extra first

cost relative to the "base" technology option. This is designated

the average CSEe The second ca19ulation considers the savings and

extra first cost relative to the next most efficient option

considered, when options are added in a logical progression. This is

called the marginal CSE~

CCPP20 is the net present value of investments required to save a

kW of peak demand with a particular option over a 20 year period. Use

of 20 years standardizes the capital cost analysis and permits
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compar i son to electric i ty supply technolog ies. CCPP20 is evaluated

on a marginal basis, i.e., considering the cost and savings relative

to the previous efficiency level, when efficiency options added in a

logical progression.

Important assumptions that are used in the economic evaluations

include a 7% real discount rate and amortization periods equal to the

estimated product lifetimes. A 7% discount rate is accepted and used

by PG&E when it performs other resource evaluations [6] @ Thus, the

economic viability of the conservation options is considered from the.

perspective of utility financing or ownership@ This is consistent

wi th the concept of PG&E "building a conservation power plant" @ The

assumed product lifetimes are included in Table 1.

The first cost for the tec·hnology options is based on estimated

retail prices derived wherever possible from actual production costs.

Since is is essentially a technology evaluation, costs associated

programs to encourage the purchase of more efficient products are

not included@ Of course, administrative, financ~ng, promotion and

o costs t PG&E might incur while pursuing a "conservation power

ant" must be taken into account, t it is premature to do so at this

point in t designn~ It should also be noted that all economic

values are given in 1985 dollars~

As ooed above, the.technologY.assessments generally start

om a sen technology@ This type of technology and its associated

iciency level are typical of what is being purchased at the present

time based on national shipment and sales data. In ~ost cases, the

energy performance of the base technology is consistent wi th PG&E t S

residential end-use model@ In a few cases (water heating and manual
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defrost freezers in particular), the energy performance of the base

technology is different from that in the end-use model. As di scussed

further in the specific assessments, it is our jUdgement that in these

instances, the assumptions in the end-use model are unrealistic in

relation to what is now occuring and what is expected in the future.

The approach used in judging whether certain technology options

are cost-effective is to compare the marginal CSE and CCPP20 to PG&E' s

accepted marginal energy supply and peak power costs@ Table 2 shows

the stream of marginal energy and peak power costs 'used for this

purpose. The marginal costs apply to residential consumers (iee.,

taking into account T&D costs and losses for the residential !?ervice

class). They. were the accepted marginal costs within PG&E in early

1986 and were used in the 1987 general rate case application [7,8].

The marginal energy costs in Table 2 include a capacity credit

based on serving baseload demand (i~e@, the average annual capacity

cost is distributed over 8760 hours). Co~servation options are
'.

considered cost-effective on the basis of energy savings whenever the

marginal CSE is less than the marginal energy coste When the marginal

CSE an option falls within the bounds of the 20 year energy price

stream, the option is deemed cost-effective during the years when the

marginal CSE is less than themarg.inal energy cost. The energy cost

ana is is not done- on the basis of net present value over 20 years.

marginal peak capaci ty costs shown in Table 1 are annualized

based on some gas turbine additions in some unspecified year

ong with T&D costs. [8]. They are the e~fective marginal costs

during the summer peak demand period, weekdays from 12:00 P.M@ - 6:00

P.M@ The total marginal capacity cost is given by the net present
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Table 2 - Marginal energy and peak capacity costs (1985 $)

Peak
Energya capacityb·

Year ($/kWh) ($/kW)

1985 0.0773 72.9
1986 0.0715 59.6
1987 0.0643 36.0
1988 0.0626 39.5
1989 0.0622 46.2
1990 0.0597 45.4
'1991 0.0646 68.9
1992 0.0666 69.2
1993 0.0681 69.1
1994 0.0732 68.2
1995 0.0772 67.3
1996 0.0804 63.0
1997 0.0812 63.1
1998 0.0846 61.0
1999 0.0877 60.8
2000 0.0926 58@8
2001 0.0952 59.9
2002 0.0978 60@0
2003 0.0980 59.4
2004 o.1018 56.5
2005 0@1013 56.4

a Marginal residential electricity costs are derived from the
1987 general rate case application and converted to constant
dollars using the GNP deflator series@ Personal communication

om Bill Smi , Rate anning Dept., PG&g, Dec@ 1985.

b Marginal peak capacity costs apply.to "the summer peak period
and are consistent wi.th the marginal costs in the 1987 general
rate case application@ Personpl communication from 'Paula
Rosput, Rate anning Dept., PG&E, Jane 1986.



2-7

worth of annual costs over 20 years. Assuming a 7% discount rate, the

total marginal cost (in 1985 dol"lars) for the period 1985-2004 is

$670/kW. Conservation options that have an incremental CCPP20 less

than this value are ~onsidered cost-effective on the basis of peak

demand savings.

For . j udgi ng the cost-effectiveness of options tha t become

available in the late 19805 or 1990s, a 20 year stream of marginal peak

"capacity costs beginning when the measures are available should be

used. According the the Rate Planning Department, the marginal

capacity cost (in constant dollars) is not 'expected to change much

after the year 2000 [7]. Likewise, the net present value of marginal

'peak capaci ty costs for 20 years begi nni og in 1985 is not much

different from the net present value for 20 years beginning in 1990 or

1995& Therefore, it is reasonable to compare the CCPP20 values for

conservation options to the total 1985-2004 marginal peak capacity

cost even for conservation options that become available somewhat

later@

Over 1, conservation options that are economical on the basis of

either energy savings or peak demand sa.vings are deemed cost

effective and are considered for inclusion in the scenarios

associated with the conservatiop power plant. Options that are

to become available and economical at some point during the

next 20 years are eligible for inclusion when they become so.



2-8

c. Notes and References

1. H.S. Geller, "Progress in the Energy Efficiency of Residential
Appliances and Space Conditioning Equipment", in Energy Sources:
Conservation and Renewables, American Insti tute of Physics I New York,
1985. . -

2. u1985 CFM 6 Forecast", California Energy Commission, Sacramento,
CA, Aug. 1985.

3. Eo Hirst, et al., Energy Efficiency in Buildings: Progress and
Promise, American Council for an Energy-Efficient Economy,
Washington, DC, 1986.

4. A.H.Rosenfeld, "Shifting Peak Power: at the Meter, Beyond the
·Meter, and a t the Checkbook IV, Meeting Energy Challenges, Proceedings
of the Second Great PG&E Energy Expo -- 1985, Vole II, Pergamon 'Press, .'
1985. . . ~

5. A. Meier, et ale, Supplying Energy Through Greater Efficiency,
University of California Press, 1983@ M

6@ Personal communication from Steve McCarty, Economics and
Forecasting Dept~, PG&E, Aug. 1985.

7& Personal communication from Bill Smith, Rate Planning DepteI&, PG&E,
Dec. 1985 - Jan~ 1986@

8@ Personal communication from Paula Rosput, Rate Planning Dept.,
PG&E, Jan@ 1986@



3-1

TECHNOLOGY ASSESSMENT: REFRIGERATORS AND FREEZERS

A@ Introduction and Summary of Results

Refrigerators are one of the most important targets for

residential end-use conservation. According to PG&E's end-use

model, refrigerators account for about 22% of residential

electricity consumption. Freezers are estimated to account for

about 6% of residential electricity consumptiono

The potential for further energy savings with refrigerators

and freezers is very large. Moreover, there is an abundance of

relatively inexpensive techniques for aChieving these efficiency

gains, which are described in this technology assessment.

Considerable progress has been made in improving the

efficiency of new refrigerators and freez~rs in' recent years (see

Figure 1) @ According to the test ratings, the typical

refrigerator (both single door and two-door models) sold in

California in 1983 consumed 1200 kWh/yr, about 30% less than the

typical refrigerator sold 1971 [1] @ At the same time, there

was a increase in the average size of new refrigerators.

~~"~~-~I two-door refrigerator-freezer widely

U@S@ late 1985 uses only 750 kWh/yr@ Some

Japanese models appear to be Substantially more efficient than

[2], and a very-efficient two-door refrigerator-freezer

in Arcata, CA for use with photovoltaic power systems

uses kWh/yr based on the test ratings [3]@

The 'results of our evaluation show that it is technically and

economically feasible to reduce the energy consumption of
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refrigerators and freezers by as much as 80-90% relative to the

enerqy use of typical American models produced in 1985. This

impressive result occurs because many efficiency measures combine

in complementary ways. Although most of this savings potential is

not yet available in commercial models, we feel that commercial

models exhibiting very low energy consumption could become widely

available by the early-1990's if manufacturers decide to implement

the technologies mentioned in this report.

The results presented are technically robust in the sense

that many technical advances "compete" for enerqy savings. Thus,

if some of the assumed measures fail to be as attractive as

thought, other measures are available to fill the gap~

Be Methodology

This report examines a wide variety of technologies for

improving refrigerator efficiency @ It focuses on several of the

most promising of these technologies and quantifies the expected

costs and savings from incorporating them into. the design of

refrigerators and freezerSe All of these measures are chosen to

be technically and commercially feasible for implementation within

years @ The measures would result in refrigerators

with greater energy efficiency and comparable or

better consumer convenience features.

of cost-minimizing combinations of these measures is

this report e We use our own simplified engineering

(described in a supporting stUdy [4]) to evaluate the energy

consumption of the various combinations of measureSe This

independent simulation is necessary because no attempt has been
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made in pUblished reports or papers to describe

combinations of various conservation measures at However,

optimal

all of

the measures included in this discussion have been fUlly discussed

in the published technical literature. Many of them were

carefully reviewed by the appliance industry during proceedings

concerning appliance standards.

Some of the conservation measures analyzed in this study

involve technically straightforward changes in the design of the

product. Others require modest technological advance, or the

mass-production of measures that may be more difficult to produce

in commercial products than in prototypes. As a result. of these

distinctions, the report categorizes measures with respect to

the degree of technical difficulty or innovation required.

addition to . the engineering analyses of optimal

combinations of measures, the report also studies currently

existing refrigerators and freezers@ It describes the energy

perfo:rmance mass-produced products in" the United states and

Japan, as well as the very efficient custom-made model and

laboratory prototypes@ The performance of these products is

predicted by our model in section D

le Definition of Measures and Hypothetical Models

study utilizes the methods developed by the United

Department of Energy (DOE) in its analysis of appliance

standards [5]. The same techniques were employed by

California Energy Commission (CEC) in its recent evaluation of
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standards (6], and the methodology has been followed ,by other

consultants to PG&E [7].

This method begins with an hypothetical baseline model that

represents a particular class of refrigerators or freezers. Th-e

baseline model is chosen to embody the typical size, features, and

energy consumption of the class it is intended to represent 0

However, rather than having rigorously averaged characteristics I

it has the technical description (size, component efficiency,

etc.) of a particular modele Engineering changes are made to the

bseline model, and the cost and ~nergy savings resulting from

these changes are calculated 0 The extra first ·-cost.· -for the

changes is estimated on the basis of additional materials and

labor costs, along with markups to project cost at the retail

levelFb

The analysis computes the effect of adding discrete energy

conservation measures to refrigerators and freezers@ A measure

involves changing a characteristic of -the product, such as

increasing thickness insulation or improving the efficiency

compressor ell The measures a.re based on studies that are

referenced in the calculations, and these studies generally have

available for several years@ Each measure is independent of

other measures, although the energy conserving effect of, a

measure will depend strongly on the characteristics of the model

it is applied@

2@ Cost of Saved Energy

This study attempts to rank order conservation measures in

terms of lowest cost of saved energy and greatest technological
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with the baseline model, energy

conservation measures are added in part by increasing order of

cost of saved energy. In principle, this leads to a "supply

curve" for conserved energy, in which each succeedilfg measure is

more costly than the previous measure. When some cost threshold

is reached, the optimum energy conservation level is found. It

should be noted that the energy savings from a given measure are

strongly dependent on the order in which measures are applied G

For this reason, the primary analysis and rank ordering of

measures is done independently of defining certain hypothetical

prototypes, where measures are not rank ordered, and are often

considered only in packages@

To account for concerns of greater or lesser technological

difficulty, measures are further segmented into categories of

technological difficulty@ All of the simpler measures are

considered before more technically demanding measures, regardless

of economics $ Within each class of technological

straightforwardness, measures are again rank ordered according to

cost of saved energy.

PG&E end-use model divides refrigerators into two

manual defrost and automatic defrost $ The appliance

industry further subdivides these categories. Included in what

"automatic defrost" are what the industry calls

automatic defrost" units, "top freezer automatic defrost"

, and "side freezer automatic defrost" units. Manual defrost

refrigerators account for a mere 7% of the California market
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according to industry data [1]. Of the "automatic defrost

refrigerators", almost 7% are partials, 10% are top freezers,' and

23.5% are side freezers. In all, the top mount .automatic defrost

refrigerator/freezer accounts for 65% of total refrigerator sales

in California.

As a consequence, this report focuses most heavily on the top

freezer automatic defrost class. A detailed analysis is provided

first for this 'class. Side freezer and manual defrost models are

analyzed with less detail.

For freezers, PG&E also distinguishes between automatic

defrost and manual defrost freezers in its end-use model $ The

industry further subdivides manual defrost models into chest

freezers and upright freezers. Industry statistics indicate that

upright automatic defrost freezers account for only 5% of sales in

California, while "lO% of sales a.re chest freezers, and the

remaining 55% are manual defrost uprightse' Since chest and

upright freezers with manual defrost are'· relatively similar in

characteristics and energy use (the typical upright freezer being

about 20% ,larger and consumes 20% more electricity than

, are analyzed together in the next

c@ Technologies for Electricity Conservation

section presents the principal options considered, the

demand and savings, the cost-effectiveness for the

different categories of refrigerators and freezers. The analyses

:begin' with "baseline" models with efficiencies close to the

current average for new'sales [1]$ Except for the manual defrost
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refrigerator category, the baseline models are very close in

performance to what is assumed for new purchases in 1985 in PG&E's

end-use model 0 (The baseline assumptions for the manual defrost

refrigerator are explained further below.)

Efficiency measures are drawn from a variety of sources I

including DOE's appliance standards evaluation [5]. Additional

analysis of more agressive conservation measures draws heavily on

two documents by Arthur D. Little [8]. In addition, some

straightforward calculations are made concerning insulation

effectivene~s.

1. Top Freezer-Automatic Defrost Refrigerators

The assumed volume for this class is 17 cubic feet and the

baseline energy use is 1165 kwh/yr [1] * This is similar to the

perform.ance assumed by PG&E for new frost-free refrigerators in

1985. Fourteen conservation measures are considered and ranked in

cost-effectiva order as described the report supporting this

assessment [4]$ The measures are grouped into packages for

simplicity, and the cost and savings of the packages are presented

Table l@

efficiency improvements shown in Table 1

a hypothetical model conforming to the new minimum efficiency

that go effect in California ion 1992. Although no

mass-produced model in the' U $ S ~ has yet realized this level of

, it should not be difficult to achieve. The efficiency

measures added to the baseline model in order to reach 610 kWh/yr

include a moderately improved compressor, more insulation, a



1 - OVERVIEW TOP-MOUNT REFRIGERATORS-FREEZER TECHNOLOGY OPTIONS

option

Baseline

electricity
use (kWh/yr)

demand
Estimated Total
First Extra
Cost First
(1985$) Cost

(1985$)

1

Average
CSE
($/kWh)

Marginal
eSE
($/kWh)

Marginal
CCPP(20)
($/kW)

Estimated
Year
Available

1985

1992 Standards
Model (a)

Low Technology
Measures (b)

Intermediate
Technologies (0)

Advanced
Technologies Cd)

610

460

385

175

81

62

23.5

731

8

880

985

6

2

314

0.010

0.018

0.025

0.030

0.010

0.050

0.089

0.047

810

3920

6740

3770

1987

1989

1991

1993

Ca) Includes a moderately improved compressor, more insulation, a more efficient fan and motor,
and a double freezer gasket. '.

(b) Includes a 4.5 EER compressor and a double refrigerator gasket, as well as measures in
note (a)i}

(0) Includes an external fan motor, EER=5.0 comp'reasor, and dual evaporator, in addition to
previous measures.

Cd) Includes evacuated panel insulation and bottom-mounted condenser, in addition to previous
measures.
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double freezer gasket, and a more efficient fan and fan motor.

These measures are described further below.

Table 1 shows that.the estimated extra first cost relative to

the baseline model is only $60 while the energy 0 savings is
o'

estimated to be 555 kWh/yr. This leads to a cost of saved energy

(CSE) of $O.OlO/kWh, which is extremely cost-effective in light of

marginal energy costs. The cost of saved energy is obtained by

mUltiplying the extra first cost by a capital recovery factor and

dividing by the annual electricity savings [17]. with a real

discount rate of 7% and a 20 year product lifetime, the capital

recovery factor for refrigerators and freezers is equal to 0.09440

Thus, the CSE calculation for the 1992 standards model is $60 x,

O@0944/555 kwh = $O@OlO/kwh~ Since this is the first option

considered after the baseline model, the average and marginal CSE

are equal@ The estimated cost of conserved. peak power (CCPP20)

$810/kW in this case, not nearly as favorabl$ as the CSE@ The

CCPP20 derived by dividing the extra first cost :boY the peak

demand savings@

estimated that the so-called 1992 standards model could

in I assuming of course that manufacturers

produce it@ any event, full-size automatic defrost

700 kWh/yr will become available by the early 1990's,

as long as the new standards are in effect.

next package, labeled as "low technologies" in Table 1,

measures that are generally available commercially in

some refrigerators, or require small changes in existing

processes, or the substitution of commercially available parts for
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those currently used. The lead time for incorporating these

measures into new refrigerators is 18 to 24 months. To be

conservative, we assume that a model including these features

becomes available in 1989.

The added measures are as follows:

• Increased compressor efficiency. Following DOE's study,

the compressor efficiency is first increased from 3.18

EER (Energy Efficiency Ratio) to 3.65; further increases

in compressor efficiency are then considered. The low

technology measures package includes compressor

efficiency increases up to an EER of 4.58 This is the
most efficient compressor that was available

commercially in 1984. The first compressor improvement
saves energy at a cost of 0 • 4 cents/kWh; the second

measure has a cost of sa~ed,~nergy of 2.5 cents/kWh (see

Reference 4 for details)@

Better InSUlation. The measures considered in this

package of measures are an increase in insulation from
the baseline to the intermediate level. of·2 inches for
the refrigerator compartment and 2 @ 4: inche~ for the

freezer compartment@ A second level is also consldered,
namely 2@5 inches for the refrigerator compartment and 3
inches for the freezer compartment@ All of the

measures have a cost of saved energy of less

than 1 cent/kWh.

Better Gasket. Double gaskets are a.dded to the

refrigerator and freezer compartment door closures~ The
freezer double gasket costs 3 cents/kwh of saved energy,
while the fresh food compartment double gasket costs 10

cents/kWh@
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• More efficient evaporator fan and fan motor. The cold

evaporator coil in an automatic defrost refrigerator is

isolated from the refrigerated food compartments so that

it can be heated up for defrosting. The cold is

conveyed from the cold coil to the compartments by a

small fan. The efficiency of both the motor and the fan

blades is low; this measure involvas upgrading these

efficiencies in straightforward ways 0 The measure is

very cost-effective with a cost of saved energy less

than 2 cents/kWh.

It is seen in Table 1 that the full package of II low

technology" measures lowers energy consumption to 460 kWh/yr~

This is achieved at an average CSE (i.e@, relative to" the base

model) of lea cen~s/~Wh ~nd a marginal CSE (i.e@, relative to the

1992 standards model) of 5@0 cents/kWh $ The average CSE is

computed in this case based on an annual electricity savings of

705 kWh and an extra first cost of $136$ The marginal CSE

calculation is based on an annual electricity savings of 150 kWh

cost of $76@ The cost of conserved peak power

are relatively high; thUS, the measures can only be

justified on the basis of energy savings@

and an

we look at measures of intermediate technological

These measures are generally not available in the

at present, but have been demonstrated in prototypes

products. We estimate lead times for incorporating

commercial production of 2 to 3 years I and

estimate commercial availability of the package in

or
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1991. Five such measures--of which 3 are potentially cost-

effective--are presented in the supporting document (4].

The three cost-effective measures are:

• External fan motor. At present, the energy used, by the

evaporator fan is dissipated inside· the refrigerated

volume, increasing the amount of heat to be removed from
the refrigerator. This measure removes the fan motor

from the refrigerated volume, placing it outside the

insulation on the back of the refrigerator. This
measure is already employed in some Japanese

refrigerators; however, some manufacturers have
presented potential 'reliability concerns with ito
Therefore, it is included in the intermediate technology
category. The cost of conserved energy is less than 1$5

cents/kWh.

EER 5 compressor $' This measure was included in the 1983

DOE analysis as technically feasible [5]; however, it is

not commercially available as a component to

manufacturers at present~ The improved compressor has

been built, tested, and incorporated into prototype

models [9]. Also, it appears to be very economical

based on the cost of the prototypee

Dual or Hybrid Evaporato~$ CUrrent frost free

use a single evaporator for both the

free.zercompartment and the refrigerator compartment e

The evaporator provides temperatures cold enough for the
freezer compartment; and "left-over" cold air chills the
refrigerated foods compartment. This method is
inefficient because it overcools air for the

refrigerator and it dehumidifies the air in the

refrigerated food compartment, wasting energy both by

condensing moisture out of the air and then by using
extra energy for defrosting@
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The dual or hybrid evaporator uses a separate cold coil
in the refrigerated foods compartment. This coil
defrosts naturally during the off cycle when the

temperature rises above 32 of.· This system of two
evaporators is ~urrently used in many partial automatic
defrost refrigerators and was mass-produced in a 'frost

free model sold for several years by Amana. However, it

is more expensive than other means of achieving a
similar level of energy efficiency, and thus was
discontinued by Amana.

This measure has benefits in excess of those reflected
in the cost analysis for two reasons 0 First, the higher
humidity in the refrigerated foods compartment are an

amenity to the homeowner; they help keep the stored food
fresher. Second, the DOE test procedure appears' to

underestimate the energy savings that this technology ~

produces in the real world because the test procedure

does not include the introduction of moisture from food
or door openings (Which produces a dehumidification
energy load and a defrosting energy load) @ Therefore,

reductions in this source of energy use are not taken
account by the test procedure@

DOE test procedure, this measure,
the EER 5 compressor measure costs 10

cents/kwh saved@

cost-effective intermediate technologies are

Table 1@ Energy consumption after the application of

measures is 385 kWh/yr@ Overall, the interm.ediate

technology model has an average CSE of 2 & 5 cents/kWh and a

marginal CSEof 8 $ 9 cents/kWh @ Thus, considered direcly on a
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strictly incremental basis, this package of options does not beome

cost-effective until around the year 2000 when the marginal

electricity cost reaches 9 cents/krfu (see Table 2, Chapter :2) 0

However, since the .key measure in this group saves more energy in

the field than it does in the DOE test, it is likely to be cost

effective today.

Next, we look at some more highly advanced or speculative

technologies.

• Evacuated panel insulation. currently, conduction' of
heat through walls and doors is limited by the

conductivity of insulating materials such as

polyurethane foam. This measure uses a vacuum panel to
further suppress heat transfer e The panels resemble a

giant thermos ·bottle. Radiation from one side to the

other cut by the use of reflective surfaces, and the
. .,

vacuum inside prevents conduction from being a

significant method of heat loss. The powder or,

alternately, glass balls I in the panels is used for

mechanical support@ This technology is under
development at the Solar Energy ·Research Institute [10]

as well as Arthur D. Little, Inc. It saves en~rgy at a

cost about 305 cents/kWh, even after all of the cost
effective measures discussed above have been

implemented. It has the advantage that it a·llows

thinner walls to accomplish greater thermal resist~nce

to heat flow. This measure is estimated to have a five
lead time for implementation in the U.S., although

reported that the Japanese are already using
evacuated panels in some of their more efficient
refrigerator models [10]@

• Bottom-mounted condenser. This measure adds additional

condenser area to that already located behind the
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refrigerator. By increasing the heat transfer area, the
capacity and efficiency of the refrigeration system are

increased. 'Modelling its effects' is more problematic

than most of the other technologies and for this reason
it is listed along with the "'advanced technologies" @

The high technology measures included in Table 1 are the

evacuated panels and the bottom compressor. The refrigerator with

these as well as previous measures would have an energy

consumption of 176 kWh/yr. I an 85% reduction from the baseline

technology. The CSE values for these additional measures are very

attractive, and it is assumed the advanced model becomes

commercially available in 1993.

28 Side Freezer Refrigerator

The analysis of side freezer refrigerators is very similar to

the top freezer class 8 However,only the energy consumption and

energy- savings reSUlting from the different packages of measures

are determinede The cost-effectiveness of the measures in -this

case almost identical to that in the top freezer analysis.

The baseline energy use this category I 1515 kWh/yr, is

average new models sold in 1985@ Energy use

drops to 910 kWh/yr for the hypothetical model meeting the 1992

California standard by making some low technology changes.

all of the low technology measures reduces

ener consumption to 615 kWh/yr. Consumption of 525

/yr achieved with the medium technology package. The high

technology package , which for this refrigerator class consists
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only of evacuated powder panels, cuts energy consumption to 245

kWh/yr.

3. Manual defrost refrigerato~o

Although data from manufacturers shows that single door,

manual defrost models represent only 7% of new refrigerator sales

in California [1], the PG&E end-use model assumes that they are

much more prevalent, accounting for about 28% of the refrigerators

in the 2005 housing' stock. Although the efficiency improvements

in recent years for manual defrost refrigerators has not been as

dramatic as for auto-defrost models, the cost-effective savings

potential is very large.

The baseline model shown in Table 2, about 11 cubic feet in

capacity, consumes 565 kWh/yr. This is nearly 20% less than the

energy use the typical new manual defrost refrigerator in 1985

according to PG&E' s end-use model, but approximates the current

market average [1]@

Once again, measures to increase energy efficiency are added

to the baseline model and grouped according to technological

sophisticatione The first option of 445 kWh/yr just satisfies the

92 standard@ This unit has a somewhat improved

compressor insulation compared to the base model, and it

appears to be very cost-effective. Furthermore, some 10-11 cubic

refrigerators commercially available in 1985

energy according to the standardized test

[ ] @

The complete package of low technology options brings down

energy consumption to 270 kWh/yr at an estimated marginal CSE of



2 - OVERVIEW OF MANUAL DEFROST REFRIGERATOR OPTIONS

Option Annual Estimated Total Average Marginal Marginal Estimated
electricity demand First Extra CSE CSE CCPP(20) Year
use (kWh/yr) ) Cost First ($/kWh) ($/kWh) ($/kW) Available

1985$ Cost

Baseline 565 9 449 --- 1Il!i!G __ --- --- 1985

1992 Standards 445 96 480 31 0.024 0.024 1690 1985
Model (a)

Low Technology 270 35.8 498 49 0.015 Oe010 1160 1989
Measures (b)

Advanced 110 14.2 63~ 0.023 0.039 3130 1993
Technologies (e) ,.

(a) Includes a moderately improved compressor, more insulation.

(b) Includes a compressor with EER=4.5 and a double gasket, in addition to previous measureso

(e) Includes a compressor with EER=5.0 and evacuated panels, in addition to previous measures.
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$O.015/kWh3 The advanced technologies option, including a 5.0 EER

compressor and evacuated panels 1 reduces predicted energy

consumption to 110 kWh/yr. Once again, this appears to be

highly cost-effective based on our estimates of additional

production costs.

Some very efficient manual defrost refrigerators have been

built and tested in other countries, proving that the efficiencies

suggested here are achievable @ An 11 cubic foot" model made by

Laden in Europe is rated at 290 kWh/yr, while a 14 cubic foot

model made by Gram in Europe is rated at 315 kWh/yr (based on the

European test procedure) [12] e The Japanese hav~ . some smaller

models rated at 200-250 kWh/yr [12]@ Furthermqre, a 7 cubic foot

prototype -built by researchers in Denmark consumes only about 120

kWh/yr [ J. ~

The analysis of freezers follows the. methodology used for

refrigerators@ A baseline model is developed with volume and

energy consumption close to the average for current saleso

Measures are subsequently added to the base models, grouped

to technological sophistication $ The measures employed

are those described in the earlier

on refrigerators. The costs are taken for the most part

from the 1982 DOE evaluation [5] and from the AeD. Little

[8].

4$ Manual Defrost Freezer

Table :3 displays the cost and performance values for the

various hypothetical manual defrost freezers. The baseline model

this category is a 15 cubic foot freezer with an estimated



3 - OVERVIEW OF MANUAL DEFROST FREEZER OPTIONS

Option Peak Estimated Total Average Marginal Marginal Estimated
electricity demand First Extra CSE CSE CCPP(20) Year
use (kWh/yr) Cost First ($/kWh) ($/kWh) ($/kW) Available

1985$ Cost

Baseline 93$7 445
__ /l5II!5!II --- --- --- 1985

1992 Standards @ 4 0.008 0.008 615 1985
Model (a)

Low Technology 300 39.6 129 0.030 0.051 4100 1989
Measures (b)

Intermediate 245 32@1 156 0.031 0.045 ·2530 1991
Technologies (e)

Advanced 5 eO 5 230 0.037 0.063 5080 1993
Technologies (d)

(a) Includes a moderately improved compressor and better insulatio~.

(b) Includes more insulation and a double gasket.

( Includes a compressor with EER=4.5, in addition to previous measures.

(d) Includes a compressor with EER=5.0 and evacuated panels, in,addition to previous measures.
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energy consumption of 715 kWh/yr, close to the 1985 market

average. The second option is a model that is close to the 1992

California standard, averaging together the requirements for chest

~nd upright manual defrost freezers. Chest free"zers rated at

around 500 kWh/yr are already manufactured and commercially

available in the u.s. [11].

In the low technology package, insulation is increased from

2.0 inches to 3.5 inches throughout, and a double gasket is added 0

These two measures cut energy ~onsumption to 300 kWh/yr at a

marginal CS~ of 5.1 cents/kWh@ Th~ intermediate package of

measures includes an upgrade in compressor efficiency t~ 4@S EER@

This single measure reduces energy use to 245 kWh/yr at a marginal

CSE of 4@5 cents/kWh.

The advanced technology package, which includes a further

upgrade in compressor efficiency and the addition of evacuated

panels, cuts predicted energy use to 5 kWh/yr. Based on our

first cost estimates, this package is also cost-effective, with a

marginal CSE of 6@3 cents/kWh@

s@ Automatic Defrost Freezer

defrost freezers parallels that

manual defrost freezers with the inclusion of two additional

measures targeted at the defrost system. Table 4 shows the

o The baseline model has an energy consumption of 1150

slightly better than the current market average. The low

technology package of measures, involving better insulation and a

better gasket, reduces consumption to 680 kWh/yr. The

intermediate technology package contains a 4@5 EER compressor, a
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4 .~ OVERVIEW AUTOMATIC DEFROST FREEZER OPTIONS

Option Annual Peak Estimated Total Average Marginal Marginal Estimated
electricity demand First Extra CSE .CSE CCPP(20) Year
use (kWh/yr)' (watts) Cost First ($/kWh) ($/kWh) ($/kW) Available

1985$ Cost

Baseline 1150 .9 656 --- --- --- --- 1985

Low Technology 680 .3 769 0.023 0.023 1830 1989
Measures (a)

Intermediate 420 .1 8 0.020 0.014 1120 1991
Technologies (b)

Advanced 235 30.6 880 224 0.023 0.037 3000 1993
Technologies (0)

(a) Includes a moderately improved compressor and a double gaskete

Includes a compressor with EER=4.5, more efficient fan and motor, in addition to pr~vious

measures.

(e) Includes a compressor with EER=5.0 and evacuated panel inSUlation, in addition to previous
measurese
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more efficient evaporator fan and fan motor and the removal of the

"motor from the refrigerated space. This package reduces

consumption to 420 kWh/yr. The advanced technology package

further cuts consumption to 235 kWh/yr--an 80% reduction from the

base case. All of the options have marginal CSE values of less

than $O.04/kWh.

6. Other Measures Potentially Available

This study focuses on measures for which there is pUblished

data on technical specifications, performance, and cost. A number

of other advanced conservation measures may become availab~e and

may be even more cost-effective than those evaluated above. They

were omitted from this analysis due to either greater

.~

uncertainties surrounding cost or performances, or our inability

to model their effects~

Some of these measures are:

• Improved Conductivity Insulatione
Japanese refrigerator manufacture~s employ a special

pol~rethane foam insulation material that has'a smaller
and more uniform cell size and lower conductivity [14]0

This feature could have several benefits comparable to

those described above@ They include the possibility of

walls to achieve the same efficiency, or
potentially. the ability to use foam insulation to match

the performance of the evacuated panels. This measure,

not evaluated due to our lack of data on the special
foam's conductivity~

Redesigned EvaEorato~~

Unpublished studies by manufacturers have suggested that

a redesigned evaporator could have greatly improved heat

transfer characteristics@ This would raise the
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equivalent efficiency of the motor/compressor. However,

the studies are not available, so neither performance

nor cost can be predicted.

More Efficient Motor-co~pressor.

The analys~s above describes motor-compressor

efficiencies that are limited to EER 5. This level of

performance was achieved in a u.s. prototype using a 75%

efficient motor (9] e It may be possible, however, to

increase motor efficiency well beyond 75% in a practical

manner. Energy savings would be greater than

proportional to the efficiency improvement, because a

more-efficient motor produces less waste heat both in

the refrigerant circuit and near the cold storage
volume. The extent and cost of t·hese improvements could

not be quantified, however.

e. Use of Different Refrigerants to Improve EEgs
Initial work has suggested that refrigerant mixtures may
reduce energy consumption by about 10% (15] e Howeve'!:",

this technology is still in the laboratory research

stage, and its effects cannot be evaluated with nearly

as much confidence as the other measures.

Two Motors and Two Compressors.

Several advanced models ,or prototypes feature separate

motor/compressors, evaporators, and controls for the

freezer compartment and the refrigerator. The Sun Frost

250 kWh/yr custom-made model has separate refrigeration

systems, for example. Its effect is to improve the EER

the refrigerated foods section, as well as to provide

the amenity for greater control of temperature. Savings

have been estimated at 30% [3J. We found it difficult

to quantify precisely the costs and benefits of this

measure, so it is not evaluated@
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D. Comparison of· Predicted Results with Measured Low Energy
Refrigerators

There are a number 'of commercial refrigerators or prototypes

that have been designed or modelled whose performance can be

compared with the predictions presented above. Data concerning

the correspondence of the design features of these products to

those analyzed here are fragm~ntary; however, there is good

agreement between the measured energy consumption of these

refrigerators and the predicted performance in this study.

We first look at mass-produced American top-freezer

refrigerators 0 The California Energy Commission compiled a list

of the 11 most efficient models available in Spring of 19850

These models are generally between fifteen and twenty cubic feet

in volume. Although detailed design information on these products

not generally available, they appear to have characteristics

associated with a.rienergy consumption of 800-1000 kWh/yr according

to our model. This is consistent wi,th the DOE test ratings for

these products.

The most efficient U.Se refrigerator on the market in 1985 is

the Whirlpool ET17HK1M@ This model features a compressor with an

2-1/2 inches of wall insulation and 1-1/2

of door inSUlation, and uses an improved evaporator fan

However, it lacks a double gasket and uses a conventional

evaporator fan@ The simulation model predicts energy consumption

on the order of 700 kwh/yri actual energy use in the DOE test is

kWh/yr, well within the tolerance of our ~owledqe of the

product's specifications $
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Some of the mass-produced top-freezer refrigerators in Japan

attain efficiency levels comparable to those of the 1992

California standard [2]8 For the size used in the cost of saved

energy calculations, 17 cu~ ft., this is equivalent to a

performance of about 400 to 600 kWh/yr, depending on what one

believes about the differences between the Japanese and American

test procedures. The lower end of the range represents

extrapolations of the performance of the more popular smaller

Japanese models, which appear to be more efficient; whereas the

higher end of the range involves looking at the larger (around 15

19 CUe fte) Japanese refrigeratorse The Japanese~ products

apparently employ many of the measures in the low and intermediate

tee ology packages in Table 1, although they tend to use less

insulation than that assumed here 0 The Japanese test ratings for

these . models are similar to the energy consumption levels

predicted by the ~odel employed here@

The most efficient refrigerator currently manufactured in the

U@S@I the Sun-Frost, i's made in quantities of dozens per year.

16-cubic foot top-freezer type refrigerator consumes about

DOE and about 200 kWh/yr in one

household with in situ measurement e Although the Sun Frost does

use evacuated panels, it employs very thick conventional

with a conductance that approaches that of the panelse

uses a partial automatic defrost rather than full

a.utomatic defrost, which eliminates the effect of the, fan motor

the defrost. energy and its load. If we recalculate the

intermediate technology package in Table 1 without the defrost
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heaters or the fan energy, the model predicts an energy

consumption of 280 kWh/yr. If we then add the effects of thicker

insulation, we obtain a range of predictions that are very close

to the measured results for the Sun Frost refrigerator.

This discussion shows that the ultra-low energy consumption

levels predicted by our model are actually achievable $ It also

illustrates that the range of per~Q;t'.mance levels currently

available is consistent with the approximate performance levels

predicted by the model.

More careful calibration of the simUlation model would be

useful. Such a task. would involve measuring the five energy

descriptive parameters of specific models such as the Sun Frost or

a particular Japanese refrigerator and comparing predicted

. performance to measured energy performance$

E@ Peak Load Considerations

Refrigerators present the utility with a load that is nearly

constant throughout the day and the y'ear @ There are small

seasonal variations relating to· the lower effective EER ~.of the

refrigerator compressor when the room temperature is higher,

increase conduction loads under the same

conditions@ food loading and door openings create some

,

variations @ A study done at Lawrence Be;rkeley Laboratory

that summer peak load is roughly 1 e 15 times the

average load. The CEC estimates a peak load factor of

in good agreement with the LBL result e The corresponding

for freezers is 1$15 according to the CEC$ These values are
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used to estimate the peak power demand for the different options

~resented in Tables 1-4.

F. Research and Development Recommendations

PG&E is already actively supporting the development and

commercialization of energy-efficient refrigerators and freezers 0

One Japanese model that is supposed to be relatively efficient has

been obtained and its performance is currently being monitorede

Also l a leading European appliance research center has been funded

to develop a new, highly efficient top mount refrigerator

freezer [16]e Research of this sort to advance the state-of-the

art in an area like refrigerators is extremely useful, and it

should contribute to an effort to deploy a "conservation power

plant" @

The relationship between energy performance based on the

standard u~s@ test procedure and energy perfo~ance in the home is

a critical issue that of interest to appliance and conse:rvation

specialists throughout the nation~ Understanding· this

relationship is essential for assessing the true value' of more

refrigerators and freezers, and for assessing programs

or manufacture~

would useful, therefore, for PG&E to monitor the energy

consumption refrigerators and freezers in homes over an

extended period of time@ At the same time, information on brand,

M~~·~~,.' age, number of users, and test rating should be collected~

suggest performing field monitoring in a substantial number of

households, including some households that have newer, more
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efficient models. It might be possible to carry out this activity

as part of a comprehensive residential survey.



3-30

G. Notes and References

1. "1983 Energy consumption and Efficiency Data for
Refrigerators, Refrigerator-Freezers and Freezers" I'

Association of Home Appliance Manufacturers, Chicago 1

Illinois, submitted to California Energy Commission, Docket
No. 84-AES-l, July 1984.

2. D._ B. Goldstein, "Efficient Refrigerators in Japan: A
Comparative Survey of American and Japanese Trends Toward
Energy Conserving Refrigerators", Proceedings of the 1984
Summer study on Energy Efficiency in Buildings,' Vol E, ACEEE,
19840

3. H. Geller,- UProgress in the Energy Efficiency of Residential
Appliances and Space Conditioning Equipment", Energy Sources:
Conservation and Renewableso American Institute of Physics,
1985, p. 270-298.

4. D. Goldstein, Po Miller, and R. Watson, "Detailed Analysis of
Efficiency Improvements for Domestic Refrigerators and
Freezers", Natural Resources Defense council, San Francisco,
CA, Oct. 1985.

5. nCons~er Products Efficiency standards Engineering Analysis
Docu1l!-ent," DOE/CE-0030 I March 1982, and "Supplement to
Consumer Products Efficiency standards Engineering Analysis
Document," DOE/CE-0045, July 1983.

ESe "Technical Analysis of the Energy Conservation Potential for
Refrigerators I Refrigerator/Freezers I and Freezers, Docket
84-AES-l", P400-S4-013, California Energy commission, August
1984~ ~

7. A~ D~ Little, Inc. , "Pacific Gas & Electric Conservation
Potential Market 1983-2000, It and Energy & Resources
Consultants, Inc., "Pacific Gas & Electric Residential Sector
Technology Options Documentation," 1984$

S@ Arthur D@ Little, Inc@, "Develop'ement of a High Efficiency
Automatic efrosting Refrigerator/Freezer", ORNL/Sub-7255,
1980, DL 80 U ) g and Arthur D. Little, Inc., "study of
Energy Savings options for Refrigerators and Water Heaters",
Vol$ 1, Refrigerators, May 1977, (IVADL 77U)~

9@ R@T* Nelson and :P@W@ MacCarthy, "Research and Development of
Energy Efficient Appliance Motor-Compressors," ORNL/Sub-7229,
Oak Ridge National Laboratory, sept. 1980.

10. Personal communication with Tom Potter, Solar Energy Research
Institute, Golden, CO, Oct. 1985.



3-31

11. "The Most Energy-Efficient Appliances", American council for
an Energy-Efficient Economy, Washington, DC, Summer 1985~

12s .Information on foreign refrigerators collected by the
American council for a~" ~nergy-EfficientEconomy, Washington,
DC.

13. Progress reports obtained from Jorgen Norgard, Technical
University of Denmark, Lyngby, Denmark, 1982-1984.

14 $ H. Tsuchiya, "Energy Efficiency of Refrigerators in Japan, If

Research Institute for" Systems Technologies, Tokyo 19820
Also, see Japanese manufacturers' literature on product
offerings, 1981-1984.

15 • W0 D. Levins, VI An Assessment of the Energy Savings Potential
of Nonazeotropic Refrigerant Mixturesn, Proceedings of the
1984 ACEEE Summer study on Energy Efficiency in Buildings,
Vol@ E, ACEEE, 1984.

16 e Personal communication with Barry Wong t Customer operations
"Department, PG&E, Oct. 1985.

A. Meier, J @ Wrig:p.t, and A@H. Rosenfeld, Supplying Energy
Through Greater Efficiency-The Potential For Conservation
in California's Residential Sector, University of California
Press, 1983.



4-1

TECHNOLOGY ASSESSMENT: WATER HEATERS

A. Introduction

Water heating is the fifth largest residential end-use of

electricity in the PG&E service territory. For households with

electric water heating, the unit energy consumption (UEe) is about

3300 kWh/yr, but only about 9% of the households served by PG&E heat

water with electricity. Nevertheless, there is substantial

potential for conserving electrici ty and peak power in this end-use e

PG&E's end-use model has not been recently .updated for

electrical water heating 0 The end-use model assumes that almost all

new electric water heaters purchased starting in 1982 are heat pumps,

an unrealistic assumptione Because of this, we created our own

baseline forecast from which to measure the savings potential f$

Making a baseline forecast also permits the use cfa set of consistent

assumptions regarding hot water consumption patterns. To simplify

the assumptions, we split the housing stock into single family and

"other", where nothern consists of mobile homes and multi ...... family

units@ Single family homes account for 74% of electric water heaters

in 1985$ The remainder are split almost equally between multi-family

and mobi homes~

incipal factors determine the electricity consumption

a water heater: 1) the volume of the hot water consumed, 2) the

fi at which the electricity is converted to useful heat,. and

3) the standby losses. Other factors, such as water and ambient

temperatures, can also playa significant role@ The Department of

Energy (DOE) test procedur.e calculates an "Energy Factor (EF) n for
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water heaters, based on a fixed level of water consumption. The

energy factor represents a combination of the conversion efficiency

and standby losses assuming 64 gallons/day of hot water are

supplied. Most of the data presented here are in terms of DOE energy

factors.

Recently, new technologies have been developed that recover

waste heat from other household activities, such as air conditioners,

ventilation systems, showers, and·refrigerators. Electricity can be

saved if the water heater can use this waste heat instead of

electrici ty. Standard procedures for estimating the waste heat

contributions have not yet been developed. As a result., the values

used in this report are our estimates based on limi ted field tests and

calculations@

Electricity consumption for hot water heating can be reduced by

addressing the factors listed above (i.e*, by lowering hot water

consumption, increasing the conversion effic!ency, lowering standby.

losses, or recovering heat from other sources) @ The electricity

savings resulti from a particular measure are closely tied to the

status of all rae factors$ Improving the conversion efficiency of

a water heater, for example I reduces the value of addi tional measures

for cutting hot water consumption or standby losses. This situation

icates the calculations of energy savings because the

ngs for a given measure depend on the measures already

implemented@ The problem is addressed in this analysis by

considering measures for increasing energy factor given different

.levels of hot water consumption, and measures for reducing hot water

consumption given different energy factor levels.
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B. Baseline Assumptions

We estimate that single family homes with electric water heaters

use 4400 kWh/year in 1985. This estimate is based on a national

compilation of data regarding the electricity consumption of water

heaters [1]. This data base shows that the average electricity

consumption for several hundred water heaters was 5326 kWh/year,' wi th

an average hot water consumption per occupant of 16 gallons/day. We

adjusted this average electricity consumption value to reflect the

average number of occupants in PG&E single family homes as determined

by the PG&E Residential Appliance Saturation Survey (RASS) [2], that

is, 50 gallons/day for 3.06 persons, resul ting in an estimated

electricity use of 4400 kWh/year. These usage levels correspond to

an EF o~ 0 e 8,1, almost exactly the shipment-weighted energy factor .for

electric water heaters during the 1970s [3] e

PG&E in its end-use model estimates a UEC for single family homes

of only 3274 kWh/year in 1985e This low GEe eS!=imate appears to be due

to the assumption that heat pumps have been use"d in almost every new

electric water heater installation since 1982 and accounted for

nearly 38% of electric water heaters in 1985@ Heat pump water heaters

are only now appearing ill: the California market, however, and only a

small fraction of the new homes with electric water heating have

ins led in recent years @ Thus, we depart from the UEC values

in PG&E's model@

In order to analyze hot water conserving measures, we

constructed a reasonable breakdown of hot water use by activity in

single family homes. The breakdown is based on analysis at LBL [4],

measurements by Consumer Reports, and other sourceSe Table 1 shows
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our estimates of the principal hot water end-uses in both single

fami ly and other households. In s1 ngle fami ly homes, clothes washers

a~d dishwashers are expected to account for nearly 50% of total hot

:water demand. In o·ther households, this fraction is expected to be

less than 30%.

Table 1 - 1985 hot water use assumptions for single family
and other homes---

Hot water demand
(gal/day)

showers
clothes washers
dishwasher
sink/misc@

Total

Energy factor rating

UEe (kWh/yr)

Single famil~

20
13
10

7

50

O@81

4400

other

16
3@S
5
6

31

0.74

2970

Hot water conservation measures have already received

considerable attention in PG&E I s conservation programs and by

homeowners in 'general @ According to the 1983 survey, 40% of

households in the service area claim they have installed low-flow

showerheads and 25% say they have installed insulation blankets [2].

Hot water use 11 continue to decline as water-saving clothes washers

and dishwashers gradually replace less-efficient unitso In

addition, greater consumer awareness and improved detergents will

lead to increased use of cold-water settings on clothes washers,

further reducing hot water consumption." These actions are likely to
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e 2. Overview __ Water Heater Conservation optionsa

Annual Est. Extra
e Peak first first Avg. Marginal Est.

Energy use demand cost cost CSE CSE CCPP(20) year
Option Factor ( ) (kW) (1985$) (1985$) ($/kWh) ($/kWh) ($/kW) avail.

Baseline 0.81 4400 542 300 -- ............ -- -- 1985

Thermal traps
& ins. blanket 0.9 3960 488 335 35 0.010 0.010 840 1985

Avg. HPltlH 1.6 2230 275 1050 715 0.041 0.049 4350 1985

Best 1985 HPWH 2.2 16 200 1350 300 0.045 0.059 5180 1985

Advanced HPWH 2.6 13 169 1500 150 0.047 0.072 6270 1987

Exhaust heat
137brecovery HPWH 2.0 1280 1750 250 0.056 0.332 2360 1987

De-superheater
(summer)c -- 2970 0 700 700 0.085 0.085 1860 1985

De-superheater
2640 0 700 700 0.063 0.063 1860 1985(all year) -- ,I

a Based on a hot water demand of 50 gal/day.

b Some proposed designs reverse air flow during the summer and therefore cool incoming air.
This cooling benefit has not been included, even though it could significantly increase peak
demand savings.

C Estimate assumes that the de-superheater contributes three months of hot water and that the
original unit had an EF = 0.90. The cost for the de-superheater does not include the cost for
the hot water heater itself.

d Estimate assumes that the de-superheater operates with a heat pump providing savings during
the winter as well as during the three summer··monthso The cost for the de-superheater does not
include the cost for the hot water heater itselfo
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short circuit. Small one-way valves, also known as thermal traps,

will eliminate the convective loop. Thermal traps are simple,

reliable, and readily available. The valves are installed in place

of standard connection nipples. Installation requires no training

or special equipment (although they don't work if installed

backwards!).

Curiously, the California water heater standards do not require

thermal traps, and only a small fraction of electric resistance water

heaters that are sold come equipped wi th them. Regarding electrici ty

savings, LBL found five studies of thermal traps with savings ranging

from 280-480 kWh/yr [1] • Sears reports 215-330 kWh/yr savings in its

1984 catalog. To be conservative, a savings of 7% or 310 kWh/yr is

assumed when the~mal traps are installed on an electric resistance

water heater@

Installing an insulation blanket around the water tank is

a.nother simple and effective conservati'on _.m.easure. This option

includes wrapping an existing tank wi.th an insulation blanket if none·

is already present@ The electricity savings will depend on the

itions the original tank. In California, most electric water

tars are already relatively wel insulated as a result of the

appliance standards$ We conservatively estimate that the addition

of a will save about about 3% or 130 kWh/yr on the average

starting wi a baseline demand of 4400 kWh/yr.

5, the combination of thermal traps and insulating blanket

save 440 kWh/yr on the average. This would raise the EF rating

from 0.81 to 0090@

Thermal traps cost as Ii ttle $8 if purchased from Sears * If the
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traps are installed when the water heater is replaced, there will be no

cost because they substitute for standard connection nipplese

Insulating blankets cost about $15 and take about 15 minutes to

install. We assume a total installed cost of $35 for both of these

measures •. As shown in Table 2, the CSE for these measures is only

SO.OlO/kWh.

2. Heat Pump Water Heaters

Heat pump water heaters (HPWHs) are similar in design to room air

conditioners and refrigerators •. They transfer heat from the ambient

air to water ina tank @ HPWHs deli ver more heat than the electrical
...

energy they consume; as a result, their steady-state efficiency (or

COP) is greater than one. The COP rating does not normally include

heat losses through the tank walls and distribution pipes. The

"Energy Factor" (EF) includes these losses, and is therefore lower

than the COP of the HPWH itself. Typical energy factors for HPWHs are

1.4 - 2&0 (i@ee I the useful heat they provide "is equal to 140-200% ~f

energy in the electricity consumed) [1]. Since electric

resistance water heaters' have energy factors of 0.7 -- 0.9, the

adoption HPWHs can reduce electricity use by 50% or more.

HPWHs can be mounted as a retrofi t or as an integral uni t (wi th

storage tank). They were first introduced around 1980, and are now

available

tes

om a.t least 10 companies [5]. They have been extensively

are now selling well in at least one location (Hawaii).

Three HPWH options are considered in this analysis:

1) Converting resistance water heaters to today's average HPWH;

2) Using the best HPWH available today;

3) Upgrading to an advanced HPWH@
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The mas t eff icient HPWH avai lable in the u. s. in 1a te 1985 is made

by the Therma-Stor Products Group of DEC International, a company

located in Madison, WI. The DEC unit has an.EF of about 2.2 compared

to about 1.6 for an average HPWH [3]. The modifications used to

achieve this performance level include use of an improved plate

condenser, thicker insulation," and thermal traps.

Achievi ng the eff iciency assumed for the advanced HPWH (EF=2 0 6)

will require further improvements, perhaps involving a modified

compressor, variable-speed motor drives, or improved heat

exchangers. DEC International is already developing an advanced

HPWH that is expected to meet this performance target [6]. It is

similar in design to their -existing efficient models [6] ~

Variable-speed drive is a more radical innovation that could
4'

reduce cycling losses in the compressor by varying the heat output

according to the load@ Although this innovation has not yet been used

in small heat pumps in the U@S@, it is already commonly used in heat

pumps in Japan [7] &

California's i ing standards virtually require new homes

electric water ti to install HPWHs. Our baseline forecast

assumes t all new homes built after 1985 include HPWHs with EF=1.6,

while ordinary retrofit HPWHs have an EF of 1.50 Retrofits will be
less e icient because of the need to circulate refrigerant" a greater

distance because less-than-optimal tank insulation@

The first cost estimates for HPWHs shown in Table 2 are derived

a number of sources@ According to a major review of HPWHs

conducted by EPRI, HPWHs typically cost $500-1000 more than an

electric resistance water heater [5] e With installation, it is
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the CSE increases by 67% from the values in Table 2. Consequently,

even the average HPWh is not economical at the present time in such

instances from the perspective of PG&E's marginal costs. Producing

smaller, less costly HP~vHs could possibly lead to cost-effecti veness

in low-use situations.

For calculating peak demand, a peak-to-average demand factor of

1.08 is used. This value may be somewhat lower with a HPWH because the

heat pump will operate most efficiently during the peak period (summer

afternoon). In contrast, a resistance water heater's efficiency

will only change slightly over time@ This means the CCPP(20) values

shown in Table 2 may be somewhat overstated @ Howev~r, lowering them

moderately would not lead to competitiveness on the basis of peak

demand savings@

3@ Exhaust Heat Recoverx From ventilation Systems

N'ew homes are increasingly bei ng equipped wi th air-to-air heat

exchangers to insure sufficient v~ntilation@ Unfortunately, the

uni ts have proven to be of questionable economic ~alue and are

sometimes unreliable [9] $ An alternative technology has been

d'eveloped in Sweden to reclaim the heat in the exhaust air stream using

a t pump and transfer it to the water tank@ At least one American

and one Ca.nadian manufacturer are testing prototypes that they plan to

t soon in Nor erica [10]@

lIl....O ......... "O-"' ................ ll>...JOt heat recovery with a heat pump can be simpler than an air

to-air heat exchanger if only one ventilation air duct is used. For

e, stale air can be exhausted through a single ventilation duct

ing the winter with fresh air drawn in through the building

envelope (or small ports above the windows) & During the summer, th·e
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flow can be reversed. Hot, outdoor air drawn through the duct is

cooled and dehumidified as heat is extracted by the HPWH. The

arrangement provides significant peak power savings (as long as there
. .

are hot water demands during the cooling period).

It might be assumed that a HPWH will operate very efficiently

when extracting heat from exhaust air (due to the relatively high air

temperature). However, one company that is field testing systems in

the U.S. has found that this is not necessarily the case [6].

Extracting heat from a limited quantity of ventilation air lowers its

temperature substantially, both in the winter and 'summer e This

reduces the water heating efficiency.

In Table 2, it is estimated that the exhaust heat recovery HPWH

operates with an EF rating of 2~O, and that there is a 500 kWh/yr credit

for reducing electricity consumption for air conditioning [6] $

so, it is assumed that there is essentially no peak electricity

demand for water heating during the summ~r because of the air

conditioni benefit (i.e@, the heat pump 'is viewed as an air

conditioner during the summer, with hot water as a byproduct).

An exhaust heat recovery HPWH must be installed in conjunction

a ventila on stem@ One company developing this equipment in

the U~s@ estimates that the entire system will cost $1500-2000

installation) [6]. As seen in Table 2, the exhaust heat

recove HPWH has a high marginal CSE relative to the advanced HPWH

ion since there is only minimal added energy savings@ Of course,

the tern is providing ventilation as well as hot water and air

conditioning@ This option does show a reasonable average CSE of

$O@056/kWh when considered relative to the baseline option.
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4. De-Superheaters On Central Air Conditioners and Heat Pumps

At one stage in the thermodynamic cycle of air condi tioners and

heat pumps, the refrigerant leaves the compressor at a temperat.ure of

over 140 degrees. At this point, the hot "superheated" refrigerant

must be cooled. In air conditioners, the so-called superheat is

exhausted to the outdoors. Heat pumps when operating in the heating

mode release this superheat indoors. This is ther~odynamically

wasteful because the quality (or temperature) of the heat is higher

than what is needed for space heating.

A de-superheater unit consists primarily of a heat exchanger to"

transfer heat from the refrigerant line in a central air conditioning

system or heat pump to the water heater. During the air conditioning

season, a. de-superheater "can provide a large fraction of the hot water
, ~

needs fo"r a typical home [11] $ A de-superheater will be most

effective during peak load hours becaus~ this is when cooling is most

intensive@ so, a de-superheater will impr?ve the efficiency of an

a.ir conditioner, although the magnitude of this effect is difficult to

estimate. If a de-superheater is used with a heat pump during the

heati season, it 11 lower the space heating capacity, a

disadvantage@ But it 11 heat water at high efficiency and reduce

ling losses thereby improving the heat pump's seasonal

ters have been on the market for at least five years@

are becoming increasingly popular in the sun belt (e.g., Florida,

Texas, and Arizona) $ Some utili ties such as Florida Power and Light

Co@ are offering rebates to customers who install them (principally

because of the peak demand savings). Some central air conditioner
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systems can be factory-equipped with de-superheaters.

The potential for de-superheaters in Northern California is

unclear. First of all, central ~ir conditioning and heat pumps are

only found in 21% of households in the service area as of 1983.

Furthermore, if technologies such as indirect evaporative coolers or

ventilation cooling are adopted (see Chapter 6), there will be no

opportunity for using a de-superheater.

In order to evalua te cost-effecti veness, it is assumed tha t a de-

superheater provides all hot water needs during the three summer

months. The cooling season is longer in most Northern California

regions, but there will probably be intervals when the· de-superheater

does not provide sufficient heat. Three months of water heating

displacement corresponds to a savings of 990 kWh/yr starting from a
. .~

baseline demand of 3960 kWh/yr (i&ee, an electric resistance water

heater th EF=O.90).

One review of de-superheaters found inst.alled costs of $400-800

in Florida and Texas [11] 0 Assuming a first cost of $700 and a 13 year

lifetime, the CSE is equal to $O.085/kWh (see Table 2). If a de-

superheater is used 'with an heat pump in the heating mode, the annual

savings increasee Table 2 shows that if the savings increases

to 20 kWh/yr (equivalent to· an overall savings of one third) , the CSE

is reduced to $O$063/kWhe

D. Water Demand Reduction Options

The measures for reducing hot water demand are considered

assuming two water heater energy factor levels; EF=O@90 and EF=1$60.

Thi s implies use of ei ther a relatively efticient. electric resi stance

water heater or an average HPWH. The electricity savings potential
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and cost-effectiveness results are shown in Table 3. All of the

options in Table 3 are considered independently (i@ee, the average and

marginal CSE values are equal).

Ie Low-water washing machines

Front-loading washing machines use less hot water per pound of

laundry than comparable top-loading units. This measure involves

replacing top-loading washing machines with front-loading models.

Front-loading models are available today but are not especially

popular in the US (only a few models were offered in 1985). In Europe,

however, front-loading models are by far the most popular [12].

European washers appear to be more efficient than American models,

al though direct comparison is difficul t because the former heat water

rectly in the wa.shing machine@ Front-loading washing machines are

also supposed to be quieter, take up less space, and use less detergent

than top-loaders [13]@

According to the test ratings used to d~velop the Energy Guide

labels for clothes washers, the front-loading models currently

oduced in the UeS~ consume 450 kWh/yr compared to 620-1580 kWh/yr

top-loading clothes washers [14]. Most of this electricity use

is for hot water heating rather than directly running the washer @ We

estimate that a ant-loading washing machine will typically use

t 50% s t water than a top-loader, saving about 6 gal/da"y of

t water@! This corresponds to an electricity savings of about 480

kWh/yr an EF=O~90 water heater and a savings of about 270 kWh/yr

an EF=1.60 water heater.

Based on prices from Montgomery-Ward, front-loading washing

machines ,cost about $150 more than comparable top loading models [15] &



3 Overview of hot water conservation options

A. Assuming a water' heater energy factor of EF=O.90

1 Peak Est. Extra
elect. demand first first Avg. Marginal Est.

savings savings cost cost CSE CSE CCPP(20) year
Option (kWh) (kW) (1985$) (1985$) ($/kWh) ($/kWh) ($/kWl avail.

Front-loading
clothes washer 480 0.059 550 150 0.037 0.037 2200 1985

Shower-bath
economizer 320 0.036 t5:'i5rD~ 300 0.133 0.133 12,600 1988

Low-temperature
dishwashing 400 0.049 ........... 100 0.030 0.030 2640 1990

B. Assuming a water heater energy factor of EF=1.60

Annual Peak Est. Extra
elect. demand fir$t first Avg. Marginal Est.

savings savings cost cost CSE CSE CCPP(20) year
Option (kWh) (kW) (1985$) (1985$) . ($/kWh) ($/kWh) ($/kW) available

Front-loading
clothes washer 270 0.033 550 150 0.066 0.066 3930 1985

,

Shower-bath
economizer 180 0.022 -- 300 0.237 0.237 20,600 1988

tow-temperature
dishwashing 225 00028 ~.~ f l~OO 00053 0.053 4700 1990
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However, there appears to be little technical justification for this

extra cost, except that a better sealing door and possibly better

controls are requirec:1.o, Much of the extra cost may be due to the low

level of production·. Table 3 shows that even wi th an extra first cost

of $150 and a conservative lifetime of 13 years, the front-loading

washer has a CSE of only. $0 $ 037-0. OG6/kWh a t the wa ter hea ter

efficiencies considered.

2. Shower-bath economizer

The shower-bath economizer recovers heat from hot water going

down the drain by transfering it to incoming cold water. The heat

exchanger is installed undernea'th the drain@ The Tennessee Valley

Authori ty (TVA) has thoroughly tested the system in the laboratory as

well as in five homes -[16] @ In addition, it has installed the
. .,

economizers in irty sites to observe long-term performance@ The

laboratory unit worked well at 25 showers/day, even. with simulated

hair and grit@ Some field units clogged but this was apparently due

to improper installation~

The economizer is very simple to install during home

construction, al though all test uni ts have been installed as

retrofits$ They cannot be installed in homes built on concrete slabs

or'in second-floor showers0 Given the installation restrictions, it

is ik'e that economizer could be widely u'sed in apartments or

ile homes~

shower-bath economizer typically recovers 40% of the heat

available from the waste water, although recovery efficiency varies

th flow rates, co14 water temperature, and other factors~ The

energy savings thus compare to that from installing a low-flow
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showerhead. Electrici ty savings will also depend on the water

heater's energy factor.

Alternatively, the heat in waste water could be recovered

through a heat pump. This design requires more plumbing because

refrigerant lines have to be run between the heat source and a HPWH.

Nevertheless, it may be more reliable than a direct water-to-water

heat exchanger. In add! tion, the user 'll1eed not adjust shower

temperature as the heat exchanger begins operation. O~e can imagine

a network of refrigerant lines linking a HPWH with various grey water

sources (shower, washing machine, dishwasher) and the exhaust from a

clothes dryer $ Depending on the efficiency of these activi ties, 'a

major fraction of the hot water energy requirements might be met

through heat recovery.

The prototype shower-bath economizer costs only $50

uninstalled @ Bidded costs for installation .averaged $300 in the TVA.

area$ However, the plumbers had not install~d the units'previously

and installation costs should go down with experience. The TVA

retrofit installations only required 2-3 hours.

For this analysis, it is assumed that the shower-bath economizer

a to cost of $300 saves the equivalent of 4 gal/day of hot

water @ No data are available regarding lifetime al though TVA 1 S

'acceler testing program should be completed soon. Clogging is~

likely to be a problem, and extensive maintenance may be needed after a

of years@ A 10 year lifetime is assumed in this analysis.

e 3 shows tha t wi th these assumpti ons, the shower-ba th economizer

has a. CSE o~ $O.13-0@24/kWh, considerably greater than PG&E's

marginal electricity supply costs@
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3. Low-temperature dishwashi

Including the electrici ty needed for water heating, dishwashers

typically consume 600-1100 kW~(yr [14]. It is reported that the

average electricity use of new dishwashers has declined 36% during

1972-84 [17] 0 Most of the improved energy efficiency in dishwa~hers

"
has been a result of improved mechanical operation and reductions in

hot water consumption.

Energy consumption could be further reduced through lowering the

water temperature. At the prese~t time, a temperature of approx

imately1400F is needed to clean dishes properly. It may be possible

to develop detergents that clean adequately at lower temperaturese

Each 10°F reduction in water temperature should lower' overall energy

consumption by about 5% through reduced thermal energy delivery for

fixed-volume demands as well as through reduced standby losses from

the water tank [18] @ Additional savings could result if water is

heated using a HPWH~

Improved detergents have been developed, enabling clothes

washing at lower temperatures@ Also, there there has been

consid'erable progress on commerc ial (i & e $ 1 restaurant and insti tu-

tional) dishwashing detergents that permit reducing temperatures

om 180 to 140 degrees for commercial applications* These advances

i ca tdo not prove, that detergents can be developed permi ting

lower water temperatures in res~dential dishwashers.

dishwasher's hot water demand typically sets the minimum

storage temperature for water. If this temperature can be lowered,

tank standby losses will drop. In addition, heat pump performance

will improve.
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Another possibility is is to equip the dishwasher with an

independent booster heater, a feature already available on some

dishwashers. This will save energy as long as the tank temperature is

lowered.

A high-efficiency prototype dishwasher known as the Ecotech has

been developed [19]. The manufacturer claims that the dishwasher

cleans a 6-place setting in 90 seconds using water temperatures 20-25%

lower than a conventional unit. The Ecotech operates using a jet

spray created by water pressure. Although no independent testing has

been reported, this technology appears promising.

For the sake of analysis, it is assumed that a breakthrough is

made by 1990 enabling a 20 F reduction in water heater temperature, and

that this provides the equivalent of a 5 gal/day reduction in hot water

consumpti"on@ In addition, it is assumed that the associated cost is

$100, although the actual cost may be much lower or even negligible.

A lifetime equal to that assumed for water hea"-!ters and dishwashers -

13 years "-- is used. Table 3 shows that such an improvement would be

cost-effective on the basis of its CSE as long as the extra first cost

does not exceed $100.

E. Research and Development Recommendations

R&D needs to be conducted on a variety of waste heat recovery

ions@ Potential. waste heat sources include an air conditioner,

on air, clothes dryer, refrigerator, and freezer. Waste

hot water sources include the shower, dishwasher., and clothes washer.

The challenge is to capture the waste heat an~ transfer: it to the water

heater. Heat exchange with soapy, dirty water and lint-filled air

require new heat exchanger designs that are self-cleaning and resist
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b-uild-up of deposits. Transferring the heat to the water heater may

be accomplished by moving water, air, or:refrigerant. Each method

has its advantages, but no careful study has been conducted.

It is difficul t to predict which options will be economical for

heat recovery. Recovering waste heat from a refrigerator .might be

economical at the current level'of refrigerator efficiency, but this

may not be the case with new energy-efficient models. Some

appliances could be easily m~dified during production to permit heat

recovery. For example, some central air conditioners are factory

equipped wi th de-superheaters 9 It may be possible to develop similar

options for other appliances.

-The energy factor of HPWHs can still be improved, an~ less

expensive techniques to achieve high EFs are needed. Such

developments would encourage a greater number of HPWH retrofits,

especially in mobile homes or homes already using a small amount of hot

water$ Areas deserving further investigatio? include improved heat

exchangers, improved compressors I var iablespeed drives and controls

to best exploit variable speed capability$ Even the heat pump's

location should be studied$ Drawing warm air from the attic, for

example, may prove to be effective in certain situations since the

attic is typically warmer than ambient air (even wi th a well-insu~lated

attic oor)@

A HPWH can double as an air conditioner in the summer $' This

cost of the heat pump, but imposes new constraints upon its

ioo@ The two end-uses must be coordinated for maximum

efficiency@ New controls and logic, not to mention a larger storage

tank, may be needed to ensure efficient operation$ Also, it may be
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nece~sary to dump heat outdoors as well as to the water tank' if the air

condi tioning load exceeds water heating requirements. Prototype air

conditioning-water heating systems need to developed a'nd field

'. tested.

To our knowledge, there has been insufficient research and

development of new, low-temperature detergents for dishwashers.

tow-temperature, environmentally safe detergents would reduce

dishwasher energy ,use while allowing lower hot water storage

temperatures and imprcved HPWH performance. Other techniques for

achieving these objecti ves the prototype "'Ecotech n

dishwasher) should also be investigated.

Cycling of electric water heaters is now well-established for

utili ty load management@ But current eyel i ng controls only respond

to a signal from the utility in order to turn off a water heater for a.

pre-determined period of time~ It may be possible to develop new

"smart" controls and logic that, for example, sense demand conditions
.....

and water temperature as well as receive signals from the utility.

This could lead to greater peak load reductions with less

ence to the consumer@

A fi area needs to be researched is hot water use and

conservation potential in multi-family and mobile homes. Besides

in! tter data on hot water demand and overall electricity

on, the development of smaller HPWHs and integrated

lances could be especially useful.
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TECHNOLOGY ASSESSMENT: LIGHTING

A. Current li9hting use

A market research study made by PG&E in the early 1970' s

estimated 1200 kWh per household per year for lighting in the

residential sector [1] e Lighting experts at General Electric COe

estimated that the typical household in the U.5. consumed 1015 kWh/yr

for lighting in 1981, down from 1170 kWh/yr in 1971 [2].. This

reduction in lighting electricity consumption is logical given rising

electricity rates and declining average household size@

For this study, we estimate an average of 1000 kWh per household

per year for lighting as a base case. This is consistent with PG&E's

end~use model, which assumes that "miscellaneous consumption" is

about 1540 kWh/yr@ PG&E planners estimate that about two-thirds of

miscellaneous consumption is for lighting [3] @ Lighting electrici ty

consumption per household is kept constant ov~r time in the ba~e case

to be consistent with the PG&E model.

Load curves which give the daily distribution of lighting

electricity consumption in the PG&E service territory are available,

are some 30 years [ These curves shoW' that, as expected,

the peak in domestic lighting use begins around 6PM and continues

until t midnigh't~ According to the CEC, the peak-to-average load

factor duri n9 the summer p.eak load period (2-6 PM) is 0 e 56 [5] e Thi s

an average contribution to peak demand of only 64 Watts per

householde Since this value is relatively low, the emphasis in this

assessment is on saving kWhs and the cost-effectiveness of doing so.

General Electric Co. estimated during the 1970' s that 93% of the
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residential lighting market is comprised of incandescent bulbs and

the remainder is fluorescent lights [6]. One-way type incandescents

in ceiling applicatio~;s.,dominate. As ~or wa,ttages, 60W bulbs are the

most common; almost two-thirds of the bulbs sold are either 60W, 75Wor

lOOW•. The weighted average light bulb wattage is about 75W. Because

sales are concentrated in the range of 60-100W, the emphasis in this

analysis is on applications now served by 60, 75, and lOOW

incandescents@

The amount of electricity used for lighting depends directly on

the number of hours a. light is used. In this analysis, we assume that

a typical household has the following simplified usage pattern:

1) Three major lamps (in the kitchen, living room, and main

}:)edroom.> are kept on a t least four hours per day, 85% of the year,

with an average w:=J.ttage of 75W. with 1240 hours/yr of us~, the

total electricity consumed by these three lamps is 280 kWh/yr@

The 85% annual use factor accounts for vacations and other days

with reduced occupancy@

2) Five other lamps are used an average of two hours per day, 85%

the year, the average wattage also being 75W. The total

e ricity these lamps ~s about 230 kWh/yr@

3) One outdoor lamp, SOW on average, is used in 50% of the

ds for 3100 hours pe.r year @ This lamp consumes about 80

kWh/yr per household on the average.

4) Other miscellaneous lights are considered to have much more

limi ted use. These lights consume 410 kWh/yr per household, in

order to yield a total consumption of 1000 kWh/yr per household@

It should be noted that lighting usage in the first two categories may
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be higher than assumed. Since most of the savings potential lies in

these categories, this breakdown is conservative with respect to

savings. Also, this distribution represents an approximate average

for all housing types. Special lighting uses (e.g., common areas of

multi-family housing) are not explicitly considered.

B. Energy-efficient technologies

New lighting products introduced in recent years can .provide

substantial electricity savings. Other advanced lighting

technologies are expected on the market in the near-future. They

will increase both savings potential and cost-effectiveness.

1. Better incandescents

Incandescent lamps are the least efficient lighting type. The

incandescent lamp produces light by using electrici ty to heat a coiled

tungsten filament within a vacuume Some 90% of the electric energy

drawn by the lamp is wasted as heate Also, tungsten particles burn

off, darken the bulb, and reduce the amount of ~ight output by up to 20%

over time [7]~

Recent developments in the lighting industry have brought to the

market slightly improved incandescent bulbs' (marketed as "watt-

ser" or " saver" ) ~ These bulbs are filled wi th Krypton

and have improved filaments@ They cost nearly the same as regular

incandescents, have the same estimated life, but consume about 6% less

ici per unit of light output@ The better.?ulbs are exactly

same size as common incandescents so there is no installation

@ . They are available at wattages 5-10% less than ordinary

incandescent bulbs.

The extra list price· for the better bulbs is about $0.10 [8].
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The actual extra retail price appears to be about the same. Based on a

SW reduction in power consumption over a life of 750 hours, the total

electricity savings is 3.75 kWh per bulb. The undiscounted cost of

saved energy (CSE) is $O.027/kWh. Since we do not know how a long a

bulb will be working, it is difficult to do discounted economic

analysis. However, even with a discount rate of 7% and a lifetime of

four years, the CSE is still only $O.032/kWh.

2. Coated incandescents

One promising development for incandescent bulbs is-a heat

reflecting coating for the inside of t'he bulb, also known as the ·heat

mirror bulb. This bulb is spherical so that the coating reflects

infrared radiation back to an improved filament@ The optical

- perfection of bulb and the quality and durability of the coating are of

imary importance.

A prototype heat mirror bulb has been developed by the Duro-Test

Corporation [9] @ It uses about 50% less electFici ty per uni t of ~ight

output compared to an ordinary incandescent@ It is estimated that a

SOW, 1500 lumen version of the heat mirror bulb (which replaces an

ordinary lOOW bulb) will last 2500 hours and sell for $5.00 [9,10].

To eva te cost-e tiveness, a heat mirror bulb with these

acteristics is compared to a long-life, lOOW incandescent. The

1 i has the same estimated life (2500 hours) and is assumed

to re 1 for $0@80 [10] e The cost-effectiveness of the heat mirror

bulb is considered at usage levels ranging from 50 to 1000 hours per

Table 1 shows annual savings and cost of saved energy as a

function of useo The CSE value is below $O$07/kWh for usage levels in
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excess of 100 hrs/yr.' The heat mirror bulb would have similar CSE

values compared to ordinary incandescents (rather than long-life

bulbs). Therefore, if the heat mirror bulb can meet the assumed

performance cr i teri a, i ~ is a cost-effecti ve replacement for regular

incandescents even at relatively low usage l~vels.

CSE
($/kWh)

Usage
(hrs/yr)

Table 1 - Electricity Savings and Cost of Saved Energy with
the Heat Mirror Coated Light Bulba

Electricity
Savings
(kWh/yr)

50
75

100
200
50,0

1000
1240

2.5
3.8
5

10
25
50
62

0.122
0.088
0.072
0.052
0@041
0.038
0@037

a Based on a SOW heat mirror bulb costing $5~OO and lOOW long
life conventional incandescent bulb costing $0.80, each with a
light output of 1500 lumens and a rated lif'e .of 2500 hours.

There is some concern among lighting experts regarding the

iIi of the·heat mirror bulb [11] e However, Duro-Test claims

that the technical problems are solved and that they are starting to

bulb in 1985, with test marketing beginning soon

[12] @ For thi s analysi s,. it is assumed tha.t hea t mi rror bulbs

iding a 50% electrici ty savings become widely available in 1988 &

-3. Compact Fluorescents

Fluorescent lamps are up to five times more energy-efficient

than incandescents@ They convert electrici ty into light by using an
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electric charge to excite gaseous atoms inside the tube, which causes

the phosphor coating on the inside of tube to emit light. A ballast is

required to regulate the current flow. Fluorescent lamps have a

relatively long life, with tubes providing up to 20,000 hours of use,

compared to 750-1000 hours for incandescentse A fluorescent lamp

ballast will last even longer.'

Fluorescent lamps have started to make inroads into the

incandescent market. All major lighting manufacturers including

Philips/Norelco, General Electric, Sylvania, Panasonic and Hitachi

have introduced compact fluorescent lamp-ballast combinations in the

U@S@ These lamps are also widely available in Europe and Japan. The

compact fluorescents are screwed into a standard Edison socket. They

are available in various wattages from about lOW to 20W for replacing

40W, 60Wand 75W incandescents. The compact fluorescents generally

have efficacies (light output per unit of power consumed) of 40-60

lumens/Watt, compared to 11-18 lumens/Watt for incandescents.

Compact fluorescents are available as either a complete unit

(WiSt type*'), or as a conversion base con·taining the ballast with a

separate fluorescent tube that plugs into the base (UlPL type") e The

PL not requiring replacement of the ballast

each time a tube wears out@ Also, some models such as the Philips SL18

a very efficient electronic ballast while others employ an

magnetic core ballast. Unlike most conventional

lights used in commercial buildings, many of the compact

fluorescent bulbs provide "warm" light that is nearly equivalent in

color rendition to incandescents [7].

The compact fluorescents now available in the U.S@ such as the
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Philips SL18 bulb are somewhat longer than ordinary incandescents and

will not fit in all fixtures or lampse Also, the compact fluorescents

have not been mar.keted. or promoted for residential use so far \8

Presumably, this is due to their relatively high first cost, limited

production capabilities, lack of familiarity with fluorescents among

residential users, and ini tial emphasi s on commerc ial buildi ngs where

usage and cost-effettiveness are greatest.~

Compact fluorescent lamp technology is advancing rapidly.

Philips/Norelco recently introduced a line of shorter PL tubes and

they plan to introduce other new models in the near future [13]@

Philips is also developing an electronic ballast that is largely

contained on a microchip, cutting size, weight and cost [14] @

Mi tsubishi recently introduced a li ne of compact fluorescents in the

ans addi tional advanced models in the near future. Osram,

a major lighting products manufacturer based in West Germany,

produces compact fluorescents in Europe that are very efficient (60
"'a.

lumens/Watt), provide good quality light, are~instant-on, and are

about the same size as incandescents [14] $ Osram already sells PL

tubes in the U@S@, and their integral units should become available

e too long@

Considering the technology as a whole, technical advances are

in the near-term in the areas of ballasts, phosphors and tube

ion techniques [11] @

To evaluate the cost-effectiveness of compact fluorescents,

ts of 6QW, 75W, and lOOW incandescents are considered. It

is assumed that the compact fluorescents have the characteristics

shown in Table 2, based for the most part on products currently
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available in the u.s. The 60 and 100W replacements are assumed to use

a core-coil ballast, while the 7·5W replacement assumes a more-

efficient electronic ballast.

Table. 2 - Assumed Characteristics of Compact Fluorescent Bulbs

Incandescent Fluorescent Lifetime Light Price
replaced power level (hours) (lumens) ($)

60W laW 9000 gOO 15
75W 20W 7500 1200 18

lOOW 34W 6000 1700 20

The prices for the fluorescents in Table 2 are conservative in

that they are based on small purchase quantities. Purchase in bulk

should lead to significantly lower costs. Fo~ example, Panasonic

sells a 17W compact fluorescent individual for about $15, but in

bulk to commercial buyers for $10 or lower J14].

savings and CSE are calculated for each of these replacements

assuming high use (1240 hours/yr) and moderate use (620 hours/yr).

In addition, the eSE. is calculated for t~e 60W replacement assuming

ruse (3100 ) @ For is comparison, it is assumed that

incandescent cost $0@60 and last 1000 hours [10].

savings CSE results are shown in Table 3. It is seen that

ranges from $O.031-0@062/kWh. Thus, today's generation of

Jlll""'*n'Y"ft't""\~Plll" fluorescents are cost-effecti ve rela ti ve to PG& E v s marg inal

energy costs@

The diversified peak power savings per bulb shown in Table 3 are

relatively low compared. to the reduction in installed ~ulb wattage.



5-9

This is d~e primarily to the afternoon summer peak experienced by

PG&E, when domestic lighting is not widely in-use9 Cost per unit of

conserved peak demand is not shown because the relatively

insignificant peak savings leads to very high costs (i.e., the bulbs

cannot be j~stified on the basis of peak power savings).

Table 3 .- Savings and Cost-Effectiveness of Compact Fluorescent
Replacemen -Bulb

Electricity Peak power
Replacement Use savings savingsa CSE

op'tion (hrs/yr) (kWh/yr) (Watts) ($/kWh)

60W to law 620 26.0 1.66 0.050
60W to law 1240 52.0 3.32 0.038
60W to law 3100 130.2 --b 0.031
75W to 20W 620 34.1 2.18 0.055
75W to 20W 1240 68.2 4@36 0.044

lOOW to 34W 620 40.9 2.61 0.062
lOOW to 34W 1240 81.8 5.23 0.052

a Diversified peak power savings assuming CEC's peak-to-average
load factor of 0@56@

b Replacement of an outdoor light - no lamp use during the peak
demand period.

t::=:z=z= ;;;;;;:-:: idee

4'$ Other

;;·:===::i=

Hi intensity discharge (HID) lamps such as metal halide and

h sure sodium lamps are even more efficient than fluorescent

lampSe But these lamps normally have poor color rendition and ,are

produced at high wattages (SO-lOOQW) [7] @ They are used largely for

lighti outdoor areas, warehouses, etc.

There have been a number of developments in recent years to

improve the color rendition and offer a wider variety of HID lamps.

They are beginning to be more widely used in commercial buildings.
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Also, there has been some interest in developing HID lamps for

residential usee

General Electric has developed a HID bulb known as the "Halarc".
"'a

A SSW prototype available in 1981...... 82 produced as much light as a 125W

incandescent, and had reasonable color rendition [10] e This bulb

also had an estimated life of 5000 hours and a cost of $12@ However,

the prototype Halarc could only be used "base down". As of 1985,

development of the Halarc bulb was suspended.

In this analysis, it is not assumed that HID bulbs become

commercially available for residential applications during the 1986-

2005 period.

c@ Research and Development Recommendations

Research on the way in which consumers use and :react to compact

fluorescent light bulbs could be of grea~ value. Evidently, some

utilities are considering distributing large quantities of these

bulbs [14] (b If th~ bulbs are given out or pr0n:!0ted by a utility, it is

important to know how they are used and the energy savings that

results$ Since submetering lights is difficult and costly, having

residents actively track usage may be sufficient.

Pr am-ori resea related to efficient lighting

technologies is also needed@ For example, it remains to be seen

PG&E is better off selling, giving away, or providing rebates

compact fluorescent bulbs and similar products@

~inally, PG&E could help in testing and test marketing new

energy-efficient lighting products such as the heat mirror bulb.
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TECHNOLOGY ASSESSMENT: CENTRAL AIR CONDITIONING

A. Introduction

According to the 1984 Residential Appliances Saturation Survey

[1], 59% of the households in the service territory have no air

condi tioning (or are not sure) , nearly 21% have central electric air

conditioning (CAe) or heat pumps, 9% have room AC, 8% have evaporative

coolers, and 3% other. The end-use model, which applies only to

PG&E's electric service area, .shows a CAe saturation of 27% in 1985.

The average annual electricity consumption (UEC value) for CAe

according to the end-use model is 950 kWh/yr in 1985@ This value,

based on conditional demand studies, is averaged over all housing

units with electric CAe. Of course, space cooling demand depends to a

great extent on location; the average UEC for the five climate zones

considered in the PG&E forecast ranges from 200 kWh/yr to 1450 kWh/yr

in 1985~

In addition to being an important electricity-consuming end

use, residential CAe contributes substantially to summer peak' demand c

According to the California Energy Commission, residential CAe

accoun 30 MW or about ~3% of PG&E's entire peak demand in

82 [ Of all the residential end-uses, space cooling offers the

test potential for reducing peak demand@

should be noted that the UEe values assumed in PG&E 1 send-use

st are lower than other estimates~ Researchers from Lawrence

Berkeley Laboratory estimate that a typical 3-ton (36,000 Btu/hr) CAe

tern in Fresno operates 650 hours/yr and consumes 3600 kWh/yr [3] @

The CEC and representatives of the air conditioning industry estimate
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that the average CAe system in California is used 520-600 hours/yr and

consumes 2700 kWh/yr [4]. In PG&E's regions where CAe systems are

most common and most i."~.~ensively used (i.e. , the Sacramento,

Stockton, and San Joaquin regions) , the CEC estimates that average use

is closer to 1000 hours/yr [4].

"Because of the uncertainties regarding baseline UEe levels and

differences in UEC between climate zones and housing types, six

prototypical base consumption and demand levels are considered (see

Table 1). Operating hours for the baseline systems range from 220

890 hr/yr,. corresponding to UEC values of 500-4000 kWh/yr. A

seasonal energy efficiency rating (SEER) of 8.0, approximately the

average for CAe systems sold during the past five years, is assumed in

all cases [10] e

Two demand levels are shown for each system in Table 1@ The

installed demand for any particular CAe system is multiplied by a

factor of 0.80 to estimate the diversified p~ak load (iee@, average

pea.k demand om many households wi th CAe systems). This a"djustment

accounts for oversizing of some systems and unoccupied households

during peak period [5] @ The estimates of diversified peak demand

in 1 are consistent th the CEC l s estimate of 2.5 kW per unit on

the average [4] e



Table 1 - Baseline CAe systems

Diversified
Cooling Annual Installed Peak

UEC Capacity Operation Demand a Demand b
(kWh) (tons) (hours) (kW) (kW)

System #1 4000 3.0 890 4.5 3.6
System #2 3000 3.0 670 4.5 3.6
System #3 2000 2.0 670 3.0 2.4
System #4 1500 2.0 500 3.0 2.4
System #5 1000 1.5 440 2.25 1.8
System #6 500 1.5 220 2.25 1.8

: Assuming an SEER rating of 8.0
Assuming a diversity factor on peak of 0.8.

B. Technologies for Electricit~ Conservation

Various approaches for reducing energy consumption and peak

power demand due to rasidential CAe are considered@ Most of the

options pertain to cooling technologies, although one

straightforward shell modification is included. The options are:

1) Window shading;

2) Servicing program for CAe systems;

3) Installing the top-rated CAe systems as of 1985;

4) irect ative coolers;

5) Thermal storage;

6) Use of home ventilation.

For each option, estimates of savings potential, first cost, and cost-

iveness are presented assuming replacement of each of the

terns shown in Table 1, where appropriate@

1$ Window shading

It is estimated that the solar gain through an unshaded west-

facing window is typically 200 Btu/hr per square foot (sf) between
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4 P.M. and 6 P.M. on a clear day [6]. Likewise,' the heat gain through a

south-facing window is about 170 Btu/hr/sf between 11 A.M. and 3 P.M.

[6]." On the average, it is assumed that west or south windows result

in a solar gain of 180 Btu/hr/sf.

A number of techniques are available to reduce solar heat gains

through windows, including overhangs, awnings, and window films. By

reducing the cooling load, these measures lower cooling system energy

consumption.

Window films, the focus of this option, reflect up to 80% of the

incident light [7]. Some self-adhesive window films cost less than

$2.00/sf of window area @ Other more-expens i ve options i nelude

reflective mylar film in a tracko ' The mylar film cuts solar

transmission in the summer by about 80%@ 'When not in use, the film is

rolled up like a blindQ> A track system of this type costs about

$6@OO/sf of window area.

It is estimated that window films with 80% reflectance will

reduce cooling load by about 0 e 1 MBtu/yr/sf of west-facing window area

in a climate like Fresno [8] @ 'If we lower this value by 25% to account

for tial shadi by trees, buildings, etc$' the annual savings in

electricity consumption is about 10 kWh/sf of window assuming a CAe

system of average efficiency $ Likewise f peak demand could be reduced

t 15 Watts/sf @I These estimates are based on a need for about 500

s ing per year@

:2 shows the key assumptions and cost-effecti veness resul ts

the two window film options. The two options are evaluated per

square foot of window area wi th savings fixed at the levels presented

above ff$ Gi ven the assumptions made, both types of window film appear
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to be economical on the basis of cost' of conserved pea~ power (ioe.,

compared to a 20 year marginal peak capacity cost of $670/kW). The

self'-adhesive film option is also competitive on the basis of energy

savings.

Table 2 - t-effectiveness of window film options

Cost Life CSE CCPP(20)
Option ($/s£) (yrs) ($/kWh) ( $/kW)

Self-adhesive
film 2.0 5 0.061 340

Mylar track
system 6.0 10 0.107 600

= z

2@ Inspection and ~ervicins program for CAe systems,

A demonstration project involvi~g the inspection and servicing

(1&5) of CAe systems in five homes in Louisi~na resulted in average

electricity savings of 13.4% [9]. I&S involves checking the

re igerant level, eaning the coils, inspecting the ductwork for

leaks, cleaning the blower, and cleaning or replacing filters@

It is proposed that CAe 1&5 be done either by PG&E, a contractor,

or the resident once a year and that a complete servicing be done every

s households with relatively high CAe use (UEC > 2000

kWh/yr)~ At lower usage levels, complete servicing once eve~y five
J

is oposed~ Based on the Louisiana project, it is estimated

the complete servicing costs $50 [9]. Inspection and minor

servicing, done in some cases by the resident, should cost about $10 on

the average. This leads to average annual costs of $23/yr in the
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high-use case and $18/yr in the low-use case.

The energy and power savings as a result of regular I&S are

estima ted to equal 12% wi th high usage and 10% wi th low usage. These

values are relatively conservative given the Louisiana experience.

Table 3 shows the cost of saved energy and peak power for the

prototypical systems defined in Table Ie The 1&5 program has CSE and

CCPP(20) values that are competitive with marginal energy and

capaci ty costs for the two high-use cases ~ It should be noted that the

analysis does not account for any extension of equipment lifetime

which is likely to result from an I&S program [9].

e 3 - Cost-effectiveness of ~ CAe inspection and servici
program

CSE CCPP20
($/kWh) ( $/kW)

·System #1 O@O48 564
System #2 0@064 564
System #3 0$096 846
System #4 0.120 795
System #5 0.150 1059

#6 0@300 1059

3$ Installin.s. highly efficient CAe systems

As noted earlier, the PG&E residential end-use model subdi vides

use into five different climate zones. The model selects "option

,4 11 (SEER == 8eO-8.5, plus wall and ceiling insulation) for all CAe
o

installations in the period 1985-1996. For 1997-2005, new

installations are split between "option 7" (CAe with SEER· == 10.0,

shell conforming to new building standards) and "option 10" (heat pump
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Much of the extra first cost in today' s market is related to very

low production volumeso One industry representative acknowledges

that the costs could drop substantially as sales expa.nd and the

technology improves [15]. Recent assessments of the actual extra

materials, labor and markup costs for increasing CAe system

efficiency (such as the analysis carried out by the CEC in its

evaluation of CAe standards) shows a first cost premium of only about

$200 per unit of SEER in the SEER r'ange of 8-13 [4] @ A first cost

premium for equipment alone (ie., excluding installation) of $220 per

uni t of SEER in the SEER range of 8-14 was used in recent study of air

conditioner incentive programs conducted for PG&E [16].

Two first cost cases are considered in this evaluation: 1) a

first cost premi urn of $310 per un! t of SEER increase based on today' s

market; and 2) a first cost premium of $155 per uni t of SEER increase

based on anticipated market expansion and technological developments

that bring down costs to consumers~ Two shifts in efficiency are

considered: 1) shifting from a SEER of 8$5 (close to the average for

new systems sold in 1984) to a SEER of 12; and 2) shifting from a SEER of

12 to a SEER 15$ so, a lifetime of 15 years is assumed for CAe

terns [4]@

Table 4 shows the cost-effectiveness of the shifts "for each of

six ato cal usage levels $ It is seen that shifting to a SEER

of 12 is only cost-effective at high usage levels (systems 1 and 2) if

low first cost premium is realized. Shifting to a SEER of 15 can

justified based on the CSE in most years at the highest usage level,

again with the low first cost premiumo In this case, system 2 becomes

cost-effective in the late 1990s when the marginal energy supply cost
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. exceeds $O.085/kWh (see Chapter 2). Shifting to either efficiency

level cannot be justified for any of the usage levels with the high

first cost premium.

Table 4 - Cost-effectiveness of increasing CAC system efficiency

Shifting from an SEER of 8.5 to 12.0

High cost 'premiuma Low cost premiumb

CSE CCPP(20). CSE CCPP(20)
($/kWh) ($/kW) ($/kWh) ( $/kW)

System #1 0.102 1140 0.052 570
System 4;2 0.136 1140 0@068 570 ..
System #3 0.204 1710 0.102 850
System #4 0.272 1710 0.136 850
System #5 0.4'09 2270 0.204 1140
System #6 0.817 2270 0@409 1140

Shifting from an SEER of 12. to 15.0............... --
High cost premiuma Low cost p~emiumb
CSE CCPP(20) CSE CCPP(20)

($/kWh) ( $/kW) ($/k~h) ( $/kW)

System #1 0.128 1430 0.064 710
System #2 0@170 1430 0.085 710
System #3 0@256 2130 0.128 1070
System #4 0@341 2130 0.170 1070
System #5 0@5 2850 0.256 1430

tern #6 1@022 2850 0@511 1430

4. Indirect Evaporative Coolers

Evaporative cooling is a well-established technology@ It

already accounts for 25- 39% of central cooling systems in the PG&E

service territory [1]@ Direct evaporative coolers, a~so known as
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"swamp coolers", utilize the heat of evaporation of water to provide

low-cost cooling@ A direct evaporative cooler consists of a set of

sponge pads, a water pump, and a fan. Direct evaporative coolers have
~. ..

a significantly lower first cost and consume one-tenth to one-fifth as

much energy as ordinary CAe ~ystems [17].

The ability of an evaporative cooler to provide. comfort is

1 imi ted pr irnar i ly by the ambient tempera ture and humidi ty @ The

cooling potential of a direct evaporative cooler in terms of the

maximum reduction in air temperature is given by its effectiveness

(typically around 80%) times the difference between dry bulb and wet

bulb temperatures@ In Fresno, for exa~ple, this means a maximum

cooling potential of about 27°F when the outdoor dry bulb temperature

is around 102°F and the wet bulb temperature. is 70°F. However, the

humidity of the air supplied by the evaporative cooler is around 80%

under these desi conditions@

There are clearly some drawbacks to commonplace direct

evaporative coolers [17]@ Most important, they add moisture to

indoor air, which some people find undesirablee Also, this can lead

to indoor condensation problems@ Furthermore, their cooling

i f tuates with the ambient conditions@

Indirect evaporative coolers overcome the moisture problem@ An

i i t features a regular evaporative cooler plus an air-to-

air t exchanger@ While the effectiveness of the indirect stage

somewhat- less than a direct uni t (typically 60% rather than 80-

90%), it is still much more efficient than a conventional CAe system

[18] $

Indirect evaporative coolers are being commercially produced by
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companies in California and Arizona. The company nVari-Cool" in

Santa Rosa, CA is making modular indirect evaporative coolers that are

used primarily in commercial buildings so far [19]. However, they

can be used in homes and a few systems have been installed for this

purpose.

An indirect system c~n also serve as a pre-cooler connected to

either a conventional CAe unit or a direct evaporative cooler. The

latter" combination is known as a two-stage evaporative cooler. A

preliminary investigation found that in Fresno, a "Vari-Cool" two

stage evaporative cooler would have a EER of 30 under design

conditions (i.e., full load) [20]. This corresponds to about a 75%

electricity savings relative to a conventional CAe system. At

partial load, the efficiency and savings would be even greater. ~ A

ively efficient new hciuse in Fresno (with two tons of peak

cooling load) would require a two-stage system with about a 2000 CFM

(cubic feet per minute of air flow) to provid~ 7SoF indoor air at 60%

di •

The f st cost for installing an indirect evaporative cooler in a

new home is around $2000-2500 for a 2000 CFM system [19,20] e

tive 'coolers require regular maintenance especially in areas

th hard water, although they do not have expensive breakdowns like

ar .equipment~ Two-stage evaporative coolers can be

~~~U~uj~~cally favorable in new 'homes on the basis of comparable or

i ghar first cost but much lower operating costs compared to

a conventional CAe system. They can a.lso be an economical investment

when an existing CAe system needs to be replaced.

To demonstrate economic viabili ty, we consider using a t.wo ...... stage
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evaporative cooler in a climate like Fresno. It is assumed that: 1)

the two-stage evaporative cooler has an effectiveness of 60% and 90%

for each stage; 2) it is· necessary to supply approximately 1000 CFM of

evaporative cooler capacity per ton of cooling demand; 3) the

evaporative cooler has'an installed cost of $l/CFM (the low end of

estimates for residential applications) ; 4) the indirect evaporative

cooler has an EER of 30 under design condi tions and an overall SEER of

40; 5) the indirect evaporative cooler replaces a conventional CAe

system with a SEER of 8.0 and cost of $600 per toni and 6) the

evaporative cooler and conventional CAe system have similar average

maintenance costs and both have a 15 year life.

Table 5 shows the cost-effectiveness resultse For all usage

levels except sy~tem 6, the indirect evaporative cooler appears to be

competitive with marginal electricity supply costs on the basis of

both energy and peak power savings@ If the conventional CAe system
I

was more efficient than what was assumed in ~his example (SEER = 12

rather than SEER = 8), the first cost of the two-stage" ~vap~rative

cooler and the conventional CAe system would be comparable. Thus,

because its superior efficiency, the evaporative cooler would

again cost-effective~ though indirect evaporative coolers are

mai used so far in commercial applications, they could become an

t for reducing power consumption for air

itioning in residences.
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Table 5 - Cost-effectiveness of an indirect evaporative coolera .

CSE CCPP(20)
( $/kWh) ( $/kW)

~System #1 0.025 600
System #2 0.03"3 600
System #3 0.033 600
System #4 0.044 600
System #5 0.050 600
System #6 0.100 600

a Based on indirect evaporative cooler performance in a
climate typical of Fresno, assuming the evaporative cooler
is used instead of a SEER = 8.0 conventional CAe system.

5@ Thermal storage

Thermal storage of ncoolth n can be used to shift electricity

consumption for domestic cooling from the afternoon peak period to the

ght off-peak period@ Coolth storage is becoming popular in large

commercial bu ildings where it can be used to provide all or part of the

space cooling requirement@ PG&E already' has a program for

stimulating the installation of thermal storage in commercial

i ings, involving rebates of up to $300 per peak kW saved.

storage sys are not marketed for single family

residences at present time, although it should not be difficult to

produce them given recent developments in storage media and the

of terns for commercial buildings. Indeed, one system

i i vidual households is close to becoming" commercial (see

OW)e

Two thermal storage media, clathrate mixtures and eutectic

salts, are most promising~ Clathrate is a mixture of water and a

noble gas, halogen, or halogenated hydrocarbone Clathrates have a
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high latent heat capacity and a variable transition temperature. One

system using a water-freon mixture has been developed by TESI, a small

·company based in San Diego [21]. A prototype uni t wa"s r·etrof it to a

residential CAe un! t in Southern California at a cost of $140 per ton

hour of storage [21]. Lennox Industries, a major manufacturer of

residential space conditioning equipment, recently bought the rights

to produce the TESI system. Lennox is studying the feasibility of

mass production, which has the potential of reducing costs by about

30%.

A number of companies have overcome the technical problems

related to using eutectic salts for thermal storage and systems are

available for commercial buildings. The installed storage system

cost is $100 l?er ton-hour or greater I depending on the technique used

to encapsulate the eutectic salts and the costs of accessories such as

the tank and piping [21]@

Two strategies can be employed for cool,storage in residential

i ings:

1) partial_'*~torage,using a CAe system sized to run continuously

under design conditionSe On a summ~r night, the excess cooling

t is delivered to the storage system and stored coolth is

used to supplement the CAe system the following afternoon. This

strategy requires the smallest capacity CAe system and the

t storage volumee

2) 1 storage, also known as demand-limited storage. Here

the CAe and storage systems are large enough to shut off the

chiller during the peak period. The CAe and storage systems

need to be about 40% larger than in the case of partial storage@
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Providing full cool storage for an individual household in the

PG&E service area requires about 18 ton-hours of storage capacity

[21]. This corresponds to an installed cost of $1800-2700 with

current cIa t'hra te and eu tecti c sal t systems ($100-150 per ton-hour) ..

When used with a three ton cooling syste!O, the cost range for

displacing peak demand is $560-840/kW, assuming a storage sy~tem

lifetime of 15 years. Thus full storage may already be competitiv~

compared to a marginal peak capacity cost of $670/kW, and further

experience and mass production should ensure this. Partial storage

will be even more cost-effective, especially if it involves

downsizing a chiller in new housing.

Other innovations related to residential cool storage should be

possible@ If a storage medium with a high transition temperature is

used, the medium could be partially chilled using cool night air@

S ations done at for the Sacramento and Fresno climates show

that, on an annua.l basis, more than 50% of the cooling could be done

natur ly, with a corresponding reduction in energy consumption [20] 0

When supplemental chilling is necessary, it should be possi.ble to

charge the storage tank using a direct evaporative cooler, consuming

si i i less capi tal cost compared .to the

use of a conventional CAe unit@

development in cool storage which seems especially

sing for small housing units (eg@, multi-family housing) is the

11 ice spot cooler" developed by CALMAC [21] @ A 1/6 HP compressor makes

ice during off-peak periods generating up to 2 ton-hours of ice@ The

stored ice is then used for cooling during room occupancy, conceivably

ing peak load periods$ The stored ice provides four hours of
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cooling at the same rate as a smaller room air conditioner. The

estimated price of this portable appliance is $300.

6. Use of home ventilation

When the outdoor ambi.ent temperature is below the indoor

temperature and outdoor humidity is not too high, it makes sense to

ventilate a building rather than operate a CAe system. This strategy

is commonly employed in commercial buildings where it is known as an

economizer cycle. One study has shown that ventilation cooling can

save a substantial portion .of the energy normally used for residential

cooling in Northern California [22].
..

A ventilation cooling system for residential buildings might

consist of a whole house fan, a· microprocessor control system,

temperature and humidi ty sensors, and remote-controlled vents @

though we are not aware of actual ventilation cooling systems for

residential buildings, it should not be difficult to provide such a

system using off-the-shelf hardware. We estimate that a ventilation

cooling system could be installed for about $1000. In homes that

already have a CAe system, it may be possible to retrofi t an economizer

e to the CAe system at a much lower cost.

A 1 inary analysis of ventilation cooling was carried out

for a single family home in Sacramento using the DOE-2 simulation

model analysis showed that: 1) there is not likely to be any

ion in peak power demand for air conditioning as ventilation

cannot reduce cooling loads on very hot summer afternoons; 2) air

condi tio~ing requirements during the morning and night can be reduced

substantially; 3) the overall energy savings during the cooling

season could reach 50% @ The savings depend to some extent on how the
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CAe system is operated in the absence of the ventilation system.

Assumi ng a 50% energy savings can be achieved, Table 6 shows the

cost of saved energy for the various prototypical usage conditionse

The values in Table 6 are based on a first cost of $1000 and 15 year

1 ifetime lit Gi ven these assumpti ons, the stra tegy appears to be cost-

effective in high-use applications.

A controlled ventilation system could also be used to maintain

adequate indoor air quality in very tight new construction.

Table 6 - Cost-effectiveness of ventilation cooling for a single
family residencea --- -

CSE
($/kWh)

System #1
System #2
System #3
System #4

0.055
0<»073
0.110
0@146

a Assuming an installed cost of $1000 and 15 year lifetime.

7@ Other technologies

De-superh are discussed in detail in the water heating

assessmel)t@ Besides providing hea t recovery for water hea ting I de-

raise CAe and HP efficiency by providing greater heat

_A.IIl. ....... JII"A_"""'" capacity@ Tests have shown that a 5-10% efficiency gain is

le [24] @ Along similar lines, water spray devices are

available to cool outdoor coils and raise system efficiency. These

options are not considered at greater length because of the limited

direct energy savings for cooling.
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CAe manufacturers such as Carrier are developing and are

optimistic regarding the prospects for continuously variable-speed

CAe systems [13]., This technology prov~des energy savi ngs by

matching CAe (or heat pump) output to the load, thereby reducing

energy losses due to cycling and heat exchanger loading and unloading.

One simulation analysis has shown that a variable-speed heat pump in a

single family home in Tennessee uses 27% less energy for space

conditioning than a conventional single-speed system [25].

Continuously variable-speed air condi tioners and heat pumps are

already being produced in large quantities in Japan [26]. Because

sophisticated electronics are used to provide variable-speed

operation, the.Japanese variable-speed units cost 20-30% more than

inary Japanese AC and HP systems of equivalent size [27] @ Unlike

AC and liP systems in the U0 S '* I the Japanese systems are through-the

1 split systems (i@e@, one fan/coil unit is placed in a wall and the

other is placed outdoors)@ As can be expe~ted, their cost is in

between that of room and central systems in the u.s.

Variable-speed CAe systems are not considered as an option in

this ana is because of uncertainties regarding performance and

coste Nonethe ss, is technology. is a likely to be introduced in

the o.s. in the near future and it could lead to high-efficiency CAe

HP tems with moderate first cost premiums.

Zonal contro~ is another technology that promises substantial

savings th CAe or HP systems. Zonal control involves

------ate thermostat settings in different parts of a household

depending on occupancy (e.g., only cooling bedrooms at night during

the summer) * Au toma tic con troIs includi ng a microprocessor are
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Zonal con trol bea t pump and AC systems are produced in Japan, and

zonal control heat pumps are starting to be sold in the u.s. by the

large air conditioning company Daikin (based here in San Jose, CA)

[2~] e The Daikin heat pumps feature' one outdoor unit. containing the

motor-compressor as well as a heat exchanger and separate indoor coils

placed and controlled in different rooms of the house. Refrigerant

lines.run between the coils. Thus, an air distribution system is not

us~d@ This ~ill significantly reduce installation costs in new

housing, besides providing for efficient zonal control$

The energy saving wi th zonal control CAe or heat pump systems is

highly dependent on indoor temperature ma1?agement@ This factor

along th cost uncertainties inhibits quantitative analysis@

Still~ zonal control could provide substantial energy savings over

the next 20 years and should be investigated further.

c@ Research and Development Recommendations

Many the strategies discussed above could benefi t from

R&D, especially field testing and evaluation. The following

specific projects are suggested@

1) StudX the co~ts and ~avings from ~ CAe inspection and servici

prosram@ Different levels of expert servicing and customer

involvement could be experimented with. Also, the frequency of

servicing could be varied.
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TECHNOLOGY ASSESSMENT: COOKING RANGES

A@ Introduction

According to PG&E' s 1983 residential appli·ance saturation

survey (1], electric ranges (consisting of a cooktop and an oven)

are found in nearly 58% of the households in the PG&E service

territory. According to PG&E's end-use model, a typical electric

range consumes 730 kWh/yr, accounting for 7 @5% of electricity

demand in the residential sector $ After· refrigerators and

lighting, ranges are the most important residential electrical

end-uses

Ranges are frequently omitted from analyses of conservation

potential ~ This omission is due to the widespread misperception

that no conservation m6asures can be applied to these devicese In

fact, savings of approximately one-half of current electric

consumption for cooking is possible using well-identified, tested,

and, in some cases, mass-produced technologies.

Electric ranges are also of concern because their saturation

growing, and because of the heavy demand they present during

(see C below) * Regarding saturation,

model shows electric ranges being used in 75% of

homes by the year 2005@

chapter discusses several technologies that are

for improving the efficiency of electric ranges@ It

what is known about the cost, performance, and technical

specifications. of these efficiency improvements. Because of the

relatively small amount of research that has been performed on
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this appliance, many of the estimates, particularly of cost, are

more tentative than those in the other technology assessments.

The analysis of the conservation technologies applicable to

electric ranges and ovens is done based on energy consumption as

specified by the Department of Energy (DOE) test procedure. For

conventional ranges, there is little difference between the annual

energy consumption predicted in this manner and the value assumed

by PG&E in its end-use modelo

Following the analysis of various efficiency options, the

issue of peak demand and demand savings potential is examined@ In

addition, we discuss the economics of using g~s· rather than

electricity for cooking.

B@ Technoloqies for Electricity Conservation

This section presents two categories of energy conservation

measures for electric ranges, with cooktops and ovens considered

separately. In the first category, simple measures such as

changes the size or geometry of the burners and the insulation

oven are considered@ These are technologically

straightforward, and reasonably accurate estimates of their cost

can from research literature@ Energy savings from

measures are the neighborhood of 20 percent. Ranges with

these conservation features could become available shortly after a

decides to implement them; by 1987 if action is

promptly4J

The second class of measures involves more advanced

technologies that alter the methods of heat transfer used in the

.cooking process @ The technologies included are the bi-radiant
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2) Demonstrate and monitor the performance of indirect evaporative

coolers. This should be carried out in different climate zones. It

would be logical to start in new housing where such systems are most

economical aD In fact, the Department of Engineering Research at PG&E

began an indirect evaporative cooling development and evaluation

project in 1985 [30].

3) Further evaluate the addi tional first cost for highlY, efficient CAe

·sxstems. It would be useful to get some idea what price reductions to

expect through market expansion, bulk purchase, and technological

improvements. Such information is needed to evaluate incentive,

financing and other programs that PG&E could offer.

4) Demonstra~~ and monitor the performance _of cool storage systems.

Both full and partial storage should be examined in different

climates~ Also, cool storage could be testea along with the use of

either natural cooling or evaporative cooling@

5) Develop, test and analyze ventilation cooling systems~

Integrated systems need to be developed and then field tested.

Different operating strategies could be tried during field

evaluations, and actual performance compared to that predicted by

simulation models@

6) Investi~at,~. Japanese var i able-speed and zonal control CAe arid HP

Japanese systems should be acquired and their performance

tested~ so, it would be useful to follow the progress in these

areas among 0$5@ manufacturers in order to better evaluate energy

savings potential and to develop conservation programs in the future.
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According to Erickson [2], implementation of the simple

measures included in the low technology packages in Table 1

produces energy savings of 100 kWh for the oven and 45 kWh for the

surface un~ts, roughly 30% and 10% respectively, as summarized in

Table 1.

For the oven, the changes involve increasing insula.tion,

which saves 25 kWh, and improvi~q door seals (resulting in less

heat loss through infiltration), which saves 34 kWh, reducing the

thermal mass of the oven (i.e., the amount of metal used), 'which

saves· 27 kWh, and changing the oven element configur~tion for

improved heat transfer, which saves 14 kWh. Erickson claims that

all of these measures can be implemented at essentially no

cost [2] @ In contrast, a Department of Energy analysi~ concluded

that the first cost increase for improvements of this sort would

be approximately $26 in 1980 dollars, or 1 in 1985 dollars [3]~

However, the DOE analysis ~id not include the reduction in thermal

mass, which lowers the first cost.

The difference between these cost estimates is not

@ The DOE cost estimate would imply a CSE on the order

@032/kWh, the Erickson estimate would say that the

are virtually free@ In either case, the CSE is

PG&E •s m.arginal energy costs, and thus pursuit of these

cost-effective.

For the surface units, Erickson predicts an energy savings of

34 kWh/yr from reduced contact resistance. He adds the

potential for another 11 kWh/yr of savings from improving the

reflectance of the reflector pans under the burner, which directs



1 OVERVIEW OF OVEN AND RANGE TECHNOLOGY OPTIONS

Estimated
Year
Available

Baseline
Oven
Cooktop

Simple Technology
Oven (a)
Cooktop (b)

Advanced Technology
ai-Radiant Oven
Induction

Cooktop

346
399

246
355

101
307

110-650

80-450

30-200
100-600

$100-$300
$200-400

$100-331
$200-404 "

$200-400
$700-1500

o
o

$0-31
$0-3

$25-100
$0-500

o
o

$0-.032
$0-.007

$.01-.041
$0-.556

o
o

$0-.032
$0-.007

$.009-.070
$0-1.07

1985
1985

1987
1987

1989
1985

(a) Low technology measures for the oven include increased insulation, improved door seals, reduced
thermal mass, and improved heating element configuration.

(b) Low technology measures for the cooktop include better contact resistance and an improved reflector
pan.
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mo~e heat back toward the cooking utensil. Again, Erickson

estimates no increase in first cost due to these cooktop

improvements. In comparison, the DOE study suggests a cost

increase of $2.70 in 1980 dollars, or about $3.20 in 1985 dollars,

but an energy saving of only 9 kWh/yr for reduced contact

resistance. This low.savings estimate is most likely due to DOE

starting from a higher level of efficiency. Even with DOE's cost

and savings figures, the CSE is around $Oo04/kWho In Table I,

Erickson's energy savings values are used for consistency.

2. More Advanced Technologies

A maj or increase in oven efficiency is possible _using the

"bi-radiant oven" developed by researchers from Purdue

University [4]. The bi-radiant oven works by maximizing the use

of radiant heat transfer between the oven heating coil and the

foode In a conventional oven, the radiation from the heating coil

first absorbed by the walls of the oven, wasting considerable

energy in heating up the walls and increasing the conduction heat

throughout the period the oven is heated~ These wa:rm

then heat up oven which finally heats up the

~~~~~,~~$ In the hi-radiant oven, the walls of the oven

are to infrared (heat) radiation, and the baking pan is

both of which increase the heat transfer from the coil to

the foode

oven referred to as hi-radiant because heating coils

are both above and below the food. Tests of the bi-

oven included taste tests of food cooked in the oven [4]0
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Food quality was found as good as in a conventional oven, and

cooking time was reduced as well.

Energy sav~ngs with "the bi-radiant oven varied with the type

of food being cooked, but were typically above 60% [4]. Average

energy savings for nine items tested by the researchers was 64.4%.

The savings would have been larger had the appropriate pan been

used rather than a pan with the wrong reflectivity for two of the

hine food tests (which. turned in the worst and fourth worst energy

performance). For this analysis we assume a 65% energy savings

compared to a conventional oven with appropriate conservation

measures@

Appropriate conservation measures include those for which

savings are not double-counted. by combining that measure with the

bi-radiant·oven~ Unfortunately, it is not immediately evident to

what extent the savings from the simple measures are overlapping

those of the bi~radiant even. The hi-radiant oven operates

by transferring heat primarily from the heating element to the

food~ The food then J:1sats up the oven air and the edges of the

walls@ In contrast, the conventional oven heats up the wall which

food@ As a result, the wall

temperatures are higher in a conventional oven, and loses of heat

through conduction are higher. Insulation and thermal mass are

to have a larger effect in the conventional oven than in

~~~~,u~, although their effect in the hi-radiant oven are

by no means negliqible@
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It is assumed that some of the low technology measures

(improved door seals and reduced thermal mass) complement the bi

radiant oven, but other measures (improved insulation and better

elements) in the package cannot be used in combination with bi

radiant technology. Overall, it is estimated that energy

consumption after installation of the hi-radiant feature is 101

kWh/yr, a 71% reduction from the baseline model and a 59%

reduction from the low technology package.

The developers of the hi-radiant oven do not estimate the

extra cost associated with this technology @ But the cost should

be relatively low. DOE's cost estimate for increasing inSUlation,

which involves reconfiguring the inside of the oven, a more

difficult task than changing the surface finish, is on the order

of' $25 [3] $ Replacing the current oven surface material with a

reflective aluminum or 9~her metallic surface may not have any net

cost at all; if it does, it is likely to be on the same order of

magnitude as the DOE chanqe~

A re~earcher at Oak Ridge National Laboratory familiar with

bi-radiant oven estimates a first cost increase at the retail

$100 (5]e This appears excessive, given the

physical changes involved in the hi-radiant oven. (For

~ comparison, the refrigerator/freezer technology assessment shows

or' re.designs involvinq' considerably greater change in

processes and components can be achieved for $75 or

@) Assuming a first cost increase of $100, the incremental

the hi-radiant oven is $O.07/kWh.
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Attempts by the Oak Ridge National Laboratory to interest

manufacturers in mass-producing the hi-radiant oven have not been

successful so far [5]. This is not surprising, given the lack of

difference between the efficiencies of ranges currently on the

market and the difficulty of selling energy efficiency& Also,

ranges are not routinely tested for energy consumption and do not

carry,Energy Guide labels, so the advantage of the hi-radiant oven

would not be obvious to consumers. But, the existence of utility

incentives could alter this situation drastically, by allowing the

bi-radiant oven to have a lower effective first cost than its

competitors, after a rebate is provided.

Once a decision to proceed with production of a hi-radiant

oven is made, we estimate a lead time of three years or less for

commercialization $ This is based on the estimate of a lead time

of three years or less for the design changes in refrigerators

which appear to be more challenging in general than the changes

embodied the hi-radiant ovene Therefore, we estimate a

possible introduction date of 1989 provided that a manufacturer

"takes initiative to start the development process promptly.

b@ Induction Ranges

Although not widely publicized, induction cooking technology

has been used in commercial and residential buildings for about

Induction cooktops are sold and marketed by several

firms, inclUding General Electric Co., Sears, Bacun,

several Japanese companies@

Induction heating elements for a cooktop feature magnetic

which are located underneath the cooking area. Running high
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frequency (20-40 kHZ) electricity into a magnetic coil creates an

alternating magnetic field which induces a current in a pano

Because of the high resistance, the current is converted to heat 0

The pans must be made out of or contain iron or steel, however.

Tests of induction cooktops have shown ef·ficiency gains of

20-40% over conventional electrical resistance ranges [6] 0 This

is due to the fact that an induction cooktop heats the cooking

utensil directly rather than heating a resistance coil which then

transfers the heat to the pan. The stove top itself remains coolo

Also, inefficiencies caused by improperly sized or bent cookware

or heating elements are eliminated@

The use of improperly-sized utensils appears to be a problem

with electric resistance coil cooktops e Often people place pans

that ~hould be on a smaller burner on a large one, because they

will cook faster. This can reduce the efficiency of a

conventional burner tremendously, simply because up to 50% of the

coil heating the air a.nd not the pan. This "mismatchingn

cannot occur with an induction cooktop@

"Temperature control" vastly different and improved with

an induction cooktop@ Rather than running continuously, induction

units on and off as needede This controls the heat output

and permits "instant heat" as well as continuous heat variability,

much Cl. qasburner@ Also, an induction unit shuts off

automatically when the pan is removed from the magnetic field.

Current market prices for a range inclUding four induction

burners (sometimes inclUding a conventional or convection oven)

are between $700 and $1500, depending on whether the unit is
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counter-top or free-standing. However, the· market for induction

cooking is quite small at the present time in the u.s. and most

units are imported from Japan. Prices are expected to drop

through mass production and technological advance to the $300-$400

level by 1992 (6]. Also, ovens using induction heating coils

should become commercially available soon.

While energy efficiency is certainly one aspect of the

induction cooktop, safety, convenience, and controlability are its

primary features. ThUS, depending on how one values these

features, the extra first cost associated with energy efficiency

can vary between $0-$500.. Widespread commercializ~a~ion of

induction units would reduce the extra first cos~ dramatically@

To estimate energy savings and cost-effectiveness, we used a

mid-range value of 30% efficiency improvement when compared with

the present-day base case. This results in the consumption of 307

kWh/yr, about a 23% reduction from the baseline model ,and a 14%

reduction from the low techno19gy cass@

Table 1 shows the CSE values for the wide extra cost range of

$ o@ order for the incremental CSE to be less than

$Oe a.ssociated with energy efficiency

must to about $42@ Clearly, other benefits have to be

taken account iI order to justify the additional first cost1n

an induction cooktop@

c@ Peak Load Considerations

Ranges make a large contribution to utility peak load,

although estimating the magnitude of their contribution to the

summer peak is difficult@ This section disc~sses data concerning
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the contribution of range usage to winter peak loads and discusses

the app~icability of this data to th~ summer peak. It concludes

that even the winter peak load reductions can have a 'significant

economic effect. Summer peak load reductions, if they actually

occur, would be much more valuable than savings in annual energy.

Intuitively, one would expect cooking range use to contribute

heavily to peak loads because of standard cooking habits. Most

everyone cooks dinner at the same time in the evening, so one

would expect to see a sharp peak in power consumption at that time

of day. This is confirmed by an empirical study performed by PG&E

association with other utilities [7]; also, PG&E's w~nter peak

load curve shows an additional load of about 1500-20'00 MW from

5:00 p.m@ to about 7:30 p.m. I the time w~en. r~nge use peaks. A

peak load PG&E 1500 MW corresponds to 680 watts of

diversified load per household with an electric range.

The applicability of such information to computing the summer

peak is questionable@ Intuition also says that on the hottest day

the year, which corresponds to the summer peak day, there is a

greatly reduced propensity cook. People tend to eat salads and

require minimal cooking for the dinner meal,

they rather than cook. indoors, or they eat out. The

quantitative magnitude of this effect is entirely unknown,

One maj or empirical study of the hourly diversified load

of electric ranges was performed by PG&E in

collaboration with the Arizona Public Service company and Utah

Power and Light between October 1972 and December 1973 @ It is
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described in an LBL report [7]. This study finds a diversified

load of 1400 watts for the hour from five to six p.m., 700 for the

preceding hour and 400 watts for the following hour. It also

finds a morning peak or 500 watts from 6 to 7 a.m., 400 watts from

7 to S a.m., and 300 watts from 8 to 9 a.m.

The California Energy Commission has also examined the issue

of peak energy demand due to electric ranges. They estimate a

load factor of 208 during the period 2:00 p.m. to 6:00 p.m.; with

a maximum loaq. factor of 3.8 from 4:00 p.m. to 6:00 p.m. [8] 8

This implies a peak demand of 240-325 watts for an ordinary rangee

This greatly differs from the values obtained in the .PG&E load

study. Both the lower and upper bounds are displayed in the peak

demand column of Table 1 to provide some estimate of the range of

peak savings to be expected. Cost of conserved peak power

calculations are not performed because of the large uncertainty in

peak load@ It is reasonable to conclude, however, that a given

percentage reduction in electricity use (through efficiency

changes) will result in the same percentage reduction in peak

power demand~

At reasonable levels of cooking energy consumption,

approximately 60 therms/year for gas cooking and 750 kWh/yr for

cooking I gas ranges are considerably lower in annual

cost@ For example, using $O.ll/kWh as a typical

marginal electricity cost and using PG&E's tailblock rate of

$O.81/therm as the marginal cost of gas, the electric range costs

$82 @'!;iOjyr to operate, while the gas range costs only $49 e 00 e
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US,inq gas is more than 40 percent less expensive than using

electricity. The differential would ~e even greater based on· gas

cooking energy consumption estimated in the PG&E end-use model, 41

thermsjyr for households with gas cooking in 1985.

The preferability of gas should not change through the

application of adv~nced technologies III The hi-radiant feature can

be applied to gas ovens as well as electric ovens e In fact I

savings for a gas-fired hi-radiant oven should be even largerQ

This occurs because a large percentage of the energy use goes to

heating oven air which is exhausted up the flu~; consequently, gas

ovens are much less efficient than electric ovens 0 By emphasizing

radiant heat transfer rather than convective heat' transfer, the

efficiency of the gas oven can be improved by a larger percentage

than the electric oven. Reducing ventilation losses in gas ovens

can be pursued as well@

In addition, large savings for the gas surface unit (burner)

have been demonstrated@ A new gas technology currently under

development the IR ( infrared) j at impingement burner [9].

Using DOE test methods, the efficiency of the IR jet burner is 15-

20% a conventional gas burner@ This implies

a 0% fuel savings the IR jet burners@ Furthermore, the

j burner produces only 13% of the CO emissions, 12% of the

NOx and 8% of the N02 emissions of an ordinary gas

[9] @

tests of gas ranges equipped with the IR jet burners

began in 1984 e A commercial: unit could be available by late

. 1986 @
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By replacing electric ranges with gas, the utility not only

saves annual .energy costs but also entirely eliminates the peak

demand impact of the electric range. If· we assume the savings in

diversified peak load is typic~lly 500 watts, then the net present

value of the savings based on PG&E's marginal peak capacity costs

is approximately $300--equivalent to the cost of an inexpensive

gas range.

Eo Research and Developement Recommendations

As mentioned previously, technical information on energy

conservation, in electrical cooking technology is sparse@ A

kitchen technology proj ect now underway at PG&E .shoul~ help to

remedy this situation. Included in this project are cooking

experiments -with induction cooktops, European-style ceramic

cooktops, convection ovens, as well as conventional

equipment [10]$

It would be useful to test other advanced cooking

technologies such as the hi-radiant oven and the IR jet burner as

they become available as·well. Also, PG&E might attempt a field

demonstration and monitoring project with the hi-radiant oven to

(or this technology to itself and

The issue of peak load from electric ranges is important and

to be uncertain@ It would be useful to monitor the

electric ranges according to time of day in a

of households. The objective would be to determine the

diversified contribution to peak loads from electric ranges.

power
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Technology Assessment: C!othes Dryers

A. Background

The 1985 PG&E end-use model shows an an overall electric clothes

dryer (ECD) saturation of 48% in 1985 and 52.5% by 2005 [1] & ECDs are

a major electrical end-use in homes in which they are present.

Furthermore, ECDs consume 2-3 times as much electricity as the

theoretical minimum amount necessary to remove water from clothes

[4] ..

A variety of options are considered for reducing the electrici ty

consumpti on of ECDs. One opti on" a mo is ture sensor control, can be

used in combination with other measures. Other options such as

exhaust heat recovery, heat pump, and microwave heating involve more

radical changes in design that are mutually exclusive@ These latter

options are considered both with and wi~hout a moisture sensor@

Cost-effectiveness is presented in terms of average eSE,

marginal eSE, and marginal CCPP(20) @} For the options where a

moisture sensor is included along wi some other feature, marginal

(20) are calculated relative to a model with only the

moisture sensor @ For the advanced heat pump ECD, the marginal values

are calculated relative to the first generation heat pump.

B@ Baseli ~~chnolo~~

technology options inPG&E's end-use model include a

line that estimated to consume 932 KWh/yr [1]. The same

e icity consumption level is assumed for all housing types.

According to the U@S. Dept@ of Energy, the typical ECD sold in

1980 consumed 2.44 KWh/use. [2] @ This corresponds to 1015 KWh/yr



based on 416 uses per year as assumed by DOE. But the appliance

industry association (AHAM) claims that 364 uses per year are more

typical [3].. This leads to at? ann'ual co~sumption of 888 KWh/yr for

the typical 1980 model. Hence PG&E's value of 932 KWh/yr appears to

be reasonable as a baseline performance level, and is used in this

analysis.

c. Technologies for Electricity Conservation

1. Moisture sensor controls

ECDs are available with sensors that measure either the

temperature or the moisture of the exhaust, thereby allowing

automatic shut-off of the dryer once the clothes are considered dryo

According to u.s. DOE, themajo'rity of the ECDs sold in 1980 included a

temperature sensor control [2]~ Moisture sensor controls are less

conunon@

Field testing conducted by AHAM as well as testing by the

National Bureau of Standards show that use of a moisture sensor and

automati~ shut-off typically saves 10-15% relative to use of an

ordinary manual timer [4] @ This feature performs significantly

better than use of a. temperature sensor for automatic -'cycle

on [4] 9

A moi sture sensor option is included in PG&E' s end-use model wi th

an estima electricity savings of 124 kWh/yr, a 13@3% reduction

relative to the baseline model [1]. This represents a savings of 124

relative to the baseline. These values appear to be

reasonable and are used in this analysis.

The end-use model shows an extra first cost of $110 for the

moisture sensor option [1] @ This is based on prices for actual models
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in the 1984 Sears catalog [5] e A 1980 study estimated that ECDs with

the moisture sensor feature should cost consumers about $ 50 more [4] e

A contractor for u.s. DOE analyzed the extra materials, components,

and labor required to produce a model with a moisture sensor and

automatic .termination, along with slightly more insulation [2].

They estimated that the extra first cost to the consumer should be

about $42 (1985$) e

It is likely that the Sears price is somewhat inflated compared

to actual costs, reflecting novelty value and other factors. For

this analysis, it is assumed that the actual cost to consumers for the

moisture sensor option is $75, midway between the Sears extra first

cost and the estimate made for DOE. As shown in Table 1, this leads to

a CSE of $O~060/kWh for the moisture sensor option.

Table 1 also shows that the moisture sensor option (as well as

I other options) is not economical on the basis of avoided peak demand •.

This is due primarily to the relatively low pe~k load factor for ECDSe

2@ PG&E advanced option

The ECD technology options in PG&E's end-use model include an

nadvanced option" with a moisture sensor, additional insulation, and

a i temperature [1,5]~ This model is a hypothetical

design, and it is estimated to consume 6% less electricity than a unit

just a moisture sensor [5]. However, AHAM has commented that

d ng temperatures and added insulation are not viable

i ions [3], in part because lowering the air temperature will

increa.se drying timee This option was removed from the DOE analysis

[2]@ Consequently, it is not included in this study.



1 - Overview of the Clothes Dryer Technology Options

Annual Est e Extra
e r. Peak first first Average Marginal Marginal Est.

Moisture use demand cost cost CSE CSE CCPP(20) year
Option sensor ( ) (kW) (1985$) (1985$) ($/kWh) ($/kWh) ( $/kW) Avail.

Baseline N 932 0.166 315 ...... _..... _............
~~o::o:g) -- 1985

Moisture sensor Y 808 0.144 390 75 0.060 0.060 3410 1985

Exhaust heat N 792 0.141 415 10 0.071 0.07,1 4000 1988
recovery y 687 0.122 490 17 0.071 0.082 3950 1988

Microwave N 559 0.099 415 100 0.027 0.027 1490 1992
y 485 0.086 . 490 5 0.039 0.031 5670 1992

First generation N 419 0.074 615 300 0.058 0.058 3260 1987/90
heat pump y 365 0.065 690 375 0.066 0.067 8330 1987/90

i

Advanced y 243 0.043 750 435 0.063 0.049 2730 1995
heat pump
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3. Exhaust heat recovery

Directly venting the exhaust from an ECD in'doors during the space

heating season may not be desirable due to the moisture and the lint in

the exhaust [4] 0 However, it is possible to recover heat from the

exhaust and use it to heat indoor air via a heat exchanger or preheat

incoming air to the clothes dryer.

An 'exper imental dryer wi th a hea t exchanger between incoming and

exhaust air has been built and tested by the National Bureau of

Standards [7]. It is estimated that an SOF preheat of incoming air is

possible before the exhaust air reaches its condensation (dew) point,

thereby resul ting in a 5% overall energy savings [4] <9 Using a rugged

heat exchanger that permi ts condensation in the exhaust would lead' to

even grea ter sav i ngs. Exper iments a t one laboratory showed tha t use

a heat exchanger with condensation of moisture in the exhaust air

can lead to 20-26% electricity savings [8]@

ECDs wi th exhaust heat recovery are wide:ly produced and used in

West Germany [15] ~ Many of these are closed cycle systems wi th

moisture condensation and no exhaust venting. However, the German

models appear to use room air to condense and cool the dryer air, wi th

Ii or no direct electri ty savings [15] $

It is estimated that the heat exchanger and associated equipment

would add $100 to the cost of a dryer if mass-produced in the U.·S$ [8]@

Assuming a conservative savings of 15% (about average between the two

imental units described above), the absolute savings would be

140 KWh/yr relative to the baseline model and 121 KWh/yr relative to a

unit with a moisture sensor@ This leads to a marginal CSE of $0.071

O<tt082/KWh@ The combination of moisture sensor and exhaust heat
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recovery show an overall CSE of $O.071/KWh relative to the baseline

model.

A heat recovery feature could be added to ECDs using off-the-

shelf components, and it should be possible to retrofit existing ECDs

as well as new units [4]. If manufacturers desired, this feature

could be available relatively soon. In this analysis, it is

projected that a heat r~covery option becomes available in 1988.

4. Mi----- othes dryer

There has been considerable interest in developing a microwave

clothes dryer using similar components as in a microwave oven [9] @ A

prototype has been built and patented by an inventor in Portland. He

claims the model has the following characteristics [10]:

• 50% or greater electricity savings;

• 30-50% time savings;'

• less tumbling, lint, static and wear.

so, microwave leakage is supposed to be similar to that with a.... .

microwave oven and well within the permissable limit (1 rnW/cm 2 )e

This particular prototype microwave ECD was inspected, tested,

and considered for mass production by General Electric in 1985. G.E.

t unit did· perform well (i.e@, considerable energy and

time savings) small loads and wi th larger loads· that had limi ted

water retention [9] e However, savings were not obtained wi th larger

loads having high water retention. Although G.E. does not consider

crowave ECD ready for production yet, they believe that the

technology shows great promise and will be perfected and

commercialized eventually [9].
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The inventor of the microwave clothes dryer clai~s that parts and

labor cost about $120 in mass production [10] ~ He estimates that a

microwave ECD should cost only $50-100 more than a conventional ECD at

the retail level (about $375-425 in absolute terms). This is

consistent wi th the cost of microwave ovens, which have fallen

considerably during the past five years. To be conservative, it is

assumed that the microwave ECD costs consumers $100 more than a

conventional uni t and provides 40% electrici ty savings on the

average. This corresponds to a savings of 373 KWh/yr compared to the

baseline model and 323 KWh/yr relative to a model with a moisture

sensor and automatic shut-off. It is logical to use automatic

controls with the microwave ECD, but exhaust heat recovery may not be

feasible due to the inherently lower exhaust temperature@

Based on the assumptions given above, the marginal CSE for the

crowave ECD is $O@027-0@031/KWh~ Thus the microwave ECD appears to

highly cost-effective ~ In fact it waul,? still be economical

compared to PG&E' s marginal energy costs if the extra first cost was

ce that assumed.

Regarding the status of the microwave ECD, the engineer dealing

technology at G@E@ estimates that it will be five years before

commercialization occurs [9] * For this study, it is assumed that the

microwave ECD becomes widely available in 1992.

5e Heat~ clothes drye~

A prototype heat pump ECD has also been developed@ This product

essentially works like a refrigeration dehumidifier by removing

moisture from the dryer air in a closed cycle [11] @ Moisture in the

air coming from the dryer condenses out on the evaporator coil of the
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refrigeration system, the dried and cooled air returns to the clothes

dryer, and heat is removed from the refrigerant via the condenser

coil.

The refrigeration system in the heat pump ECD is similar to that

in a room air conditioner. The company that developed the prototype

heat pump ECD in the U.S., the Nyle Corporation, already produces

commercial-scale dehumidification dryers for drying lumber, food

products, and other commodities.

Besides saving energy, the heat pump ECD has about the same

drying time as an ordinary dryer, minimal static cling, and potential

for operating on 110 Volt power.
~

A~so, the dryer has a drain pipe

rather than an exhaust vent, making it advantageous for use in multi--

family housing ·where it is difficult to install an exhaust vent~

Tests of the heat pump ECD consistently show energy savings of

50-60% relative to a conventional ECD [11]9 The developer claims

that the savings could go as high as 70% once ~he design is perfected

[12] ~ Assuming a conservative energy savings of 55% for a first

generation model, the absolute savings would be 513 KWh/yr relati ve to

the selin.e model and 444 KWh/yr when a moisture sen"sor and automatic

are

The heat pump ECD uses the same off-the-shelf components

(compressor, condenser and evaporator coils, etc@) as a room air

conditioner. The developer estimates that when mass-produced, a

unit 11 have a retail price of $600-700, about twice that for an

nary dryer [12] @ This estimate is confirmed by a clothes dryer

specialist at Whirlpool who is familiar with the technology [14].

"Assuming an extra first cost of $300 for the heat pump feature, the
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marginal CSE is $O.058/kWh relative to the baseline model and

$Oe067/kWh relative to a model with a moisture.sensor~ It is not

appropriate to calculate a marginal CSE for the heat pump ECD relative

to the exhaust heat recovery or microwave models because these options

are mutually exclusive.

The Nyle Corporation intends to produce the domestic clothes

dryer on its own at first, and expects to be in production by the end'of

1986 [12]. The product will be marketed initially in areas with high

electricity prices, a demonstrated committment to energy

conservation, and substantial numbers of high-rise apartment

buildings. Thus, because of its relatively high electricity prices

and support for conservation, the PG&E service territory would be a

logical target for early marketing. The Nyle Corporation is also

discussing producing the heat pump ECD in a joint venture with a major

appliance manufacturer [12]$

FoI.' this study, two levels of heat pump Ec;Ds are considered. It

is assumed that the first generation heat pump ECD with the

characteristics described above becomes commercially available .and

is marketed on a 1 ited scale beginning in 1987, and then becomes

dely available in 1990@ A second generation heat pump ECD is

ojected to become available in 1995.

generation heat pump ECD is assumed to have a more

icient compressor and other improvements that. result in an energy

savi 70% relative to the baseline model e When a moisture sensor

is included, the overall savings would be about 74%. ~ If these

efficiency improvements add $60 to the price of the first generation

heat pump ECD, the marginal C.SE relative to t·he first generation heat
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pump would be $O.049/KWh and the overall CSE relative to the baseline

model would be $O.063/KWhe

It should be noted that heat pump clothes dryers are already

produced and sold in Japan. Hitachi markets a unit that is placed in

the ceiling of the bathroom. Clothes are hung in the bathroom to dry,

and the drying time is typically 2-4 hours [13] @ It is :estimated that

this uni t provides a 30-40% energy savings relative t/O a conventional

dryer [13]. Hitachi is also developing a self-contained heat pump

ECD.

D. Electric vs. Gas Clothes Dryers

A conventional electric ECD consuming 930 kWh/yr costs $102/yr

to operate assuming residential customers pay a tailblock rate of

$0 .11/kWh@ A typi cal gas clothes dryer wi th electric ign·i tion

consumes about 40 therms/yr and costs only $32/yr to operate assuming

a tailblock rate of $O.81/therm@ Thus, gas clothes dryers are much

more economical to use@ Even advanced ECDs consuming 400-500 kWh/yr

~ould be more costly to operate than gas dryers at today's energy

ices'lll

According to the Sears Catalog [16], gas dryers cost $40 more

equi ent electric dryers@ But the need for professional

instal tion could increase the difference in first cost to $100 or

more ~ Still, gas dryers are· 1 ikely to be more economical for

consumers on the basis of life-cycle cost. It is sensible for PG&E to

te them as a means for reducing electricity demand@

E~ Research and Development Recommendations

It would be useful for PG&E to encourage the development and

commercialization of the advanced clothes dryer technologies. One
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way this could occQr is through support for product R&D (as PG&E is now

doing with refrigerators) @ The microwave ECD is a good candidate for

such a project because of its apparent savings potential and cost

effectiveness@

PG&E could also conduct field testing of prototypes or initial

production models when they become available. Both the heat pump and

microwave ECDs are logical candidates for field testing.
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PA·RT III - SCENARIOS ANALYSIS

Chapter 9 - Method61ogy

A. General Methodology

Three different electricity consumption scenarios are

developed. The scenari os estima te total electric i ty consumpti on and

peak power demand for thel seven end-uses under consideration through

the year 2005. The objecti ve of the scenar i os analysi s is to

determine the maximum conservation potential in the PG&E service area

based on the efficiency options considered to be technically' and

economically feasible@

The first scenario is a base case, close to PG&E's 1985 end-use

forecast@ There are moderate impro~ements in the efficiency of new

ipment, but significant growth in total consumption still occurs.

The second scenario is a current technology (CT) case, which assumes a

high penetration of energy-efficient te~hnologies now widely

available over the next 20 years. This results in relatively flat

electricity consumption for the seven end-uses through 2005. The

third scenario is a technical potential (TP) case, which assumes a

high penetration both currently available and advanced

technologies over the next 20 years. This leads to a substantial

ion in total electricity consumption by the year 2005.

scenarios analysis is based to a large extent on the PG&E end-

use 10 For each end-use considered, the size of the appliance

s over time is der i ved from the end-use model. New purchases and

re rements are estimated by first assuming that the retirements in

any year are equal to 0$7 times the stock that year divided by the
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assumed product life. The factor of 0.7 accounts for the growth in

the appliance stock over time (ie., older models are being retired,

and the stock of older models is less than the stock of newer models due

to growth in housing and saturation) 0 The number of new purchases in

any year are then calculated based on the stock and retirement valueso

The same values for new purchases, retirements, and equipment

stocks are used/in all three scenarios. This is consistent with

excluding any fuel switching or early retirement from the analysis.

Therefo're, energy savings is limi ted to some extent in the analysis by

the normal turnover in appliances. It would be straightforward to

modify the analysis to incorporate either fuel switching or early

retirement if so desired.

In order to estimate overall energy consumption and peak power

demand over time, assumptions are made regarding the energy

consumption of new and retired m~dels year-by-year, as well as the

total energy consumption of ,the equipment sto~k in 1985il? The latter

value is derived from the end-use modele

For most the products of interest, the end-use model is also

as the source for data on the average unit energy consumption

( new and reti appliances in the base case. The end-use

model includes various technology options and performs a life-cycle

cost ana is to establish the efficiency and energy consumption of

new over time@ In general, the end-use model, shows modest

in the efficiency of new products in the future, although

in some cases efficiencies do not increase until the mid-1990's or

later@ It is noted that the technology options now incorporated in

PG&E's end-use model were provided by a contractor in 1984 [1], but are
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based to a large extent on an original assessment published by the UQPS8

Dept@ of Energy in 1980 [2]. The latter study is nOw somewhat

outdated.

- -·Lighting is not listed as a separate end-use in the PG&E model;

instead it is included as part of miscellaneous energy consumption.

As discussed in the technology assessment, electricity consumption

for lighting is estimated to equal 1000 kWh per household per year in

the base case. Efficiency improvements are made in the CT and TP

cases in a similar manner as for the other end-uses. Lighting is

analyzed solely on the b,asis of household electrici ty consumption per

year because of the difficul ty in tracking new purchases and

retirements@

In the case of water heaters and manual defrost freezers, the

assumptions in the end-use model for new appliance UEC are not

followed because they are judged to be inconsistent with current

practice and expectations for the future@ In ,..these cases, we believe

the UEC values fo}: new purchases in the end-use model are too low.

The and TP scenarios are developed by making new assumptions
. .

regarding the UEe of new and retired appliances over time@ In the CT

case, more energy-efficient opti ons now widely available' and

determined to be economical in the technology assessments are phased

in new purchases@ As described below, the more-efficient

ions are, assumed to achieve high penetrations among new· purchases

ative ickly. The average UEC of retired appliances during the

85-2005 time period is adjusted to be consistent with 'the

assumptions for new appliancese

In the TP case, advanced technologies deemed cost-effective are
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also phased into the equipment stock through new purchases beginning

when these technologies are assumed to become cominercially available.

In some cases, new purchases are divided among a number of more

efficient options in anyone year. The complete set of assumptions

regarding new product type and UEe are described below by end-use.

The CT and TP scenarios also assume that the new appliance

standards adopted by the California Energy Commission go into effect

and are adhered to. These standards apply to refrigerators,

freezers, air conditioners, and heat pumps. In the base case, with

efficiency assumptions derived from PG&E's 1985 end-use model, the

new appliance standards are not factored in. (It is expected that the

end-use model will be modified in the future to incorporate the new

standards.)

The scenarios track peak demand as well as overall electricity

consumption. Aggregate summ~r peak demand 15 estimated for the

different end-uses and scenarios using the sa:qte peak-to-aveiage load

factors described in the methodology section of Part II '(Chapter 2) @

Practical speaking, the scenarios are developed through

crea ng one or more worksheets for each end-use in each scenario.

sheets are provided in the appendices@ For ranges, clothes

dryers, and lighting, there is one worksheet per scenario. Central

air itioning is analyzed separately in five different climate

zones (in the same manner as in PG&E' s end-use model) @I Consequently,

are five CAe worksheets per scenario. Manual defrost and

automa c defrost refrigerators and freezers are analyzed

separately. Also, electric water heating is analyzed separately for

single family housing and other housing types because of differences
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in occupancy and UEC by housing type.

S@ New purchase.DEC assumptions in the scenarios

The assumptions regarding technology options, penetrations, and

new ,purchase UEe values are described by end-use in this chapter @ All

three scenarios are covered. Continuous reference is made to the

options in the technology assessments since they serve as the basis

for the UEC assumptions in the different scenarios$

1. Refrigerators and freezers

Frost-free refrigerators

For automatic defrost refrigerators, it is assumed in the base

case scenario that the average UEe of new models falls from 1127 kWh/yr.

in 19'85 to 950 kWh/yr by 1992, and remains constant thereafter@ These

values are averages for all frost-free refrigerator styies@

In the CT scenario, the following assumptions are made:

1) During 1987-88, the average new model consumes 900' kWh/yr, about a

14% drop from the base case e Thi s conforms wi~h the new CEC standards

t go into effect in 1987@

2) During 1989-91, the average new model consumes 750 kWh/yr@ This is

performance level for the most efficient model now widely produced

the U$Se

3) During 199 2005, the average new model consumes 600-650 kWh/yr~

is is consistent wi the efficiency standards adopted by the CEC

into effect in 1992$

I ng assumptions are made for new purchases in the TP

scenario:

1) During 1987-88, the average new model consumes 900 kWh/yr@

2) During 1989-91, 50% of new purchases are at the level of 750 kWh/yr
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and 50% are at 600 kWh/yr.

3) Duripg 1992-95,50% of new purchases are at 600 kWh/yr and 50% are at

460 kWh/yr, the performance level indicated by the "low technologies i1l

package of measures described in the technology assessment.

4) During 1996-2000, 50% of new purchases are at 460 kWh/yr and 50% are

at 385 kWh/yr, the latter representing the "intermediate

te.chnologies" measures. The intermediate technologies should

become available by the early 1990s and are expected to be cost

effective on the basis of marginal CSE during the late 1990s.

5) During 2001-2005, 50% of new purchases are at 385 kWh/yr and 50% ~re

at 176 kWh/yr, the latter representing the "advanced technologies n

model @ As described in the technology assessment, the advanced model

appears to be very cost-effective with a marginal CSE less than the

intermediate measures. The average new product UEC during 2001

.2005, 280 kWh/yr, is 70% lower than that in the base case scenario.

Manual defrost refrigerators

In base case scenario, it is assumed that the new product UEC

is 695 kWh/yr for 198 87, 580 kWh/yr for 1988 ...... 1991, and 436 kWh/yr for

199 2005@

1 ions are made for manual defrost

igerators in the CT scenario:

1) During 87-88, the average new model consumes 500 kWh/yr. Thi s

conforms wi the 1987 minimum efficiency standard.

2) During 198 91, the average new model consumes 450 kWh/yr@

3) During 199 2005, the average new model consumes 400-425 kWh/yr G

This is in the vicini ty of the most efficient models now produced and

also satisfies the 1992 standard@
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In the TP scenario, the assumptions are as follows:

1) During 1987-88, the average new model consumes 500 kWh/yr.

2) During 1989-95, 50% of new purchases average 425 kWh/yr and 50%

average 270 kWh/yr 0 The latter value represents the low technologies

package evaluated in the technology assessment.

3l During 1996-2005, 50% of new'purchases consume 270 kWh/yr and 50%

average 110 kWh/yr, the performance level for the package of advanced

efficiency measures.

Frost-free freezers

The assumptions for freezers are similar to those for

refrigerators. In the base case scenario derived from the end-use

model, the new model DEC remains constant at 1137 kWh/yr during the

entire time period@

In the CT scenario, it is assumed that the new CEC standards are

complied wi th, leading to an average UEe of 1050 kWh/yr during 1987

88, 950 kWh/yr during 1989-91, 820 kWh/yr d~ring 1992-95, and 750

kWh/yr during 1996-2005. The UEC level during the 1996-2005 period

is still sligh above that of the low technology option considered

in technology assessment@

In TP scenario, it is assumed that:

1) During 1987-88, the minimum standard is satisfied with new models

ng 1050 kWh/yr on the averagee

2) Duri 89-91, 50% of purchases consume 1050 kWh/yr and 50% are at

680 kWh/yr@ The latter represents the low technology options

included in the assessment.

3) During 1992-95, 50% of purchases consume 680 kWh/yr and 50% consume

420 kWh/yr, the intermediate technologies performance level@
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4) Duri~g 1996-2005, 50% of purchases consume 420 kWh/yr and 50%

consume 235· kvfu/yr. The latter corresponds to the advanced

technologies package of measures.

Manual defrost freezers

PG&E's end-use model shows all new purchases in the 1985-2004

time period consuming 484 kWh/yr @ Thi s is considerably less than the

average new model today (about 780 kWh) and is even less than the best
\

model now available. Therefore, the base case scenario is adjusted

so that new purchases begin at today's typical consu~ption level and

reach 484 kWh/yr by 1992. Consumption of 484 kWh/yr is close to the

1992 CEC requirement, assuming the separate standards for chest and

upright freezers are averaged together@

In the CT scenario, the following assumptions are made:

1) During 1987-88, new purchases average 650 kWh/yr@

2) During 1989-91, new purchases average 550 kWh/yr.

3) During 1992-2005, new purchases average~400-450 kWh/yr. This

conforms th the CEC·s new efficiency standardSe

In the TP scenario, the assumptions are as follows:

1) During 1987-88, new purchases average 650 kWh/yr.

2) During 8 91, 50% of purchases consume 550 kWh/yr and 50% consume

300 kWh/yr, the latter being the performance of the low technology

of measures@

3) During 1992-95, 50% of new purchases consume 300 kWh/yr and 50%

consume 245 kWh/yr, as indicated by the intermediate measures in the

technology assessment.

4) During 1996-2005, 50% of new purchases consume 245 kWh/yr and 50%

consume 135 kWh/yr @ The latter represents the advanced technologies
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model evaluated in the technology a·ssessment.

A comment on the relative shares of the different refrigerator

and freezer types is warranted.
. . .

The new purchase and equipment stock. "

assumptions are derived from PG&E's end-use model. However, it is

felt that new purchases of manual defrost refrigerators are

overestimated in the model in comparison to purchases of automatic

defrost refrigerators, and that automatic defrost freezer purchases

are excessive in relation to purchases of manual defrost freezers.

These judgements are based on data regar.ding product class shares from

AHAM, the industry association representing refrigerator and freezer

manufacturers [3]. The relative fractions have not been adjusted in

the scenarios.

2~ Electric water heaters

In PG&E's end-use model, all new purchases beginning in 1982 are

assumed to be heat pump water heatersl@ This is not representative of

marketplace in recent years, and is not li,kely to be realistic in

the near future unless drama tic changes occur ~ Therefore, a separate

base case scenario is developedG

In all scenarios, new purchase DEC levels are determined based on

assumptions co~cerning average hot water demand and the average

energy factor (i&e~, efficiency) of new units. Measures to reduce

and hot water demand are evaluated in the

assessment@ Single family housing and other housing

(multi-family housing and mobile homes) are analyzed

separately, as discussed in the technology assessment.

Table 1 displays the UEe levels for new water heaters purchased

between 1985 and 2005$ In'all scenarios, it is assumed that hot water
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demand drops from 50 gal/day to 40 gal/day dur i ng the 20 year per i od in

single family housing. In multi-family housing, hot water use drops

from 31 gal/day to 26 gal/day.

Regarding technology options, it is assumed that average HPWHs

are widely adopted in new single family homes in the base case (in

accordance with the new building code). In the CT scenario, the best

HPWH as of 1985 is widely adopted. In the TP scenario, advanced HPt-'lHs

begin to purchased during the 1990s. In multi-family housing and

mobile homes, it is assumed that efficiency improvements are not as

great as in single family housing, due to reduced hot water use, higher,

costs per unit of savings, and institutional barriers.

Table 1 - New water heater DEC values

Year

---------- UEC level by scenario (kWh/yr) ---------
Single family housing Other housing
Base CT TP Base CT TP

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
19
1998
1999
2000
2001
2002
2003
2004
2005

4030
4030
3870
3870
3590
3590
3450
3450
3450
3450
3450
2980
2980
2980
2030
2030
2030
2030
2030
2030
2030

4030
3290
1790
1790
1790
1790
1640
1640
1640
1640

·1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490

4030
3160
1610
1610
1610
1610
1350
1350
1350
1350
1350
1350
1350
1100
1100
1100
1100
1100
1100
1100
1100

2500
2500
2500
2500
2120
2120
2120
2120
2120
2120
2120
1810
1810
1810
1810
1810
1810
1810
1810
1810
1810

2500
2420
2420
2420
2020
2020
2020
2020
2020
2020
1540
1540
1540
1540
1540
1540
1540
1540
1540
1540
1540

2500
2270
2270
2270
1810
1810
1810
1810
1810
1810
1290
1290
1290
1290
1290
1290
1290
1290
1290
1290
1290
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3. Lighting

In the base case scenario, annual el~ctricity consumption for

lighting is kept constant at 1000 kWh per household during 1985-2005.

For the CT and TP scenarios, overall energy consumption for lighting

is evaluated using the same categories of lights as in the technology

assessment.

The following assumptions are made for the CT scenario:

1) For infrequently used lights, better incandescents with a 6%

savings penetrate 25% of the market in the 1987-88 period, 50% of the

market in the 1988-91 period, and 100% of the market peginning in 1992.

2) For the three major lights (assumed to be used 1240 hrs/yr) , compact

fluorescents providing 70% savings where installed penetrate 10% of

the market in 1987-88 period, 25% of the market in the 1989-91

period, 50% of the market in the 1992...... 95 period, and 100% of the market

in the 1996-2005 period@

3) For the five other commonly used lights (6~..O hrs/yr each), compact

fluorescents providing savings of 70% penetrate 10% of the market in

the 198 88 fad, 20% of the market in the 1989-91 period, 40% of the

market during 1992-95, and 70% of the market in 1996 and thereafter$

4) For outdoor lighting, compact fluorescents providing 70% savings

penetrate 25% of the market by 1987-88, 50% of the market by 1989-91,

100% market beginning in 1992$

assumptions take into account the greater cost

i veness of compact fluorescent retrof its where usage is

highest@ They also are meant to be conservative regarding savings

potential taking into account near-term practical problems such as

bulb size when trying to replace incandescents with fluorescents.
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The assumptions resul t in the values shown in Table 2 for

lighting electricity use in an average household over time. It is

seen that total kWh use per household drops nearly 40% between 198.5 and

1996.

For the TP case, no change is made in the penetration assumptions

for the major lights, five other lights, or outdoor lighting. In the

case of other miscellaneous lights, it is assumed that the heat mirror

bulb begins penetrating the market in 1989, and replaces 50% of

ordinary incandescents by 1996. The remaining portion of the

miscellaneous lights are again assumed to be slightly improved

incandescents@

Table 3 shows overall potential electricity use per household

over time in the TP case@ Here electricity use per household falls

nearly 50% between 1985 and 1996@

Table 2 - Overall Electricitx Consumption for Lighting,
Current Technolo~ Scenario

KWH USE PER HOUSEHOLD
Time 3 major 5 other Misc. Outdoor
period lights lights lights lighting TOTAL

mLlfllY~1E iHll !tHlHl&ll:il.l8lI8lG28tl81$1

1985-86 280 230 410 80 1000
1987-88 260 214 404 66 944
1989-91 210 198 398 52 858
1992-95 182 166 385 24 757

96-2005 84 117 385 24 610

'Ull
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Table 3 - Overall Electricity Consumption for Lighting,
Technical Potential Scenario

KWH USE PER HOUSEHOLD
Time 3 major 5 other Misc. 'Outdoor
period lights lights lights lighting

1985-86 280 230 410 80
19·87-88 260 214 404 66
1989-91 210 198 377 52
1992-95 182 166 340 24
1996-2005 84 117 295 24

TOTAL

1000
944
837
712
520

4. Central air conditioners

The PG&E end-use model evalua'tes central air condi tioning

separately in five different climate zones~ The average UEe value

for new models in 1985 ranges from 180-1400 kWh/yr depending on the

climate zone@ Most of the installations, however, are in zones 2 and

3, the most cooling intensive zones with the highest UEC levels@

The new product efficiency and UEC assumptions in the base case

scenario are identical to the PG&E model, even 'though the .values in the

model appear to be somewhat low@ In zone 2, the new model UEe drops

from 950 kWh/yr in 1985 to 750 kWh/yr in 1996 arid then 650 kWh/yr in

03 @ In zone 3, new model UEC drops from 1400 k~lh/yr in 1985 to

o kWh/yr in 1996 and then 1100 kWh/yr in 2004.. It should be noted

that UEe and overall energy consumption values for central air

itioners so include heat pumps used for cooling@

. For the CT and TP scenari os I' UEC reduction factors are genera ted.

reduction factors, shown in Table 4, are multiplied by the new

product UEC values in the base case. The factors result from the

savings and penetration assumptions described below, which in turn

are based on the CAe technology ass~ssment$ Many of the measures are
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complementary, so the overall savings potential is substantial.

Also, separate assumptions are made for cooling intensive a~eas

(zones 2 and 3) and non-intensive areas (zones 1,4, and 5).

Table 5 - crEe multipliers for new CAe installations

Current technology scenario

Time
period

Cooling zones
2 and 3 1, 4 and 5

1986-87
1988-91
1992-96
1997-05

0.739
0.640
0.539
0.485

0.767
0.688
0.624
0.608

Technical

Time
period

tential scenario

Cooling zones
2 and 3 1, 4 and 5

1986-87
1988-91
1992-96
1997-05

0.710
0.404
0.208
0.157

0@767
0.624
0.559
0@486

as ODS to generate the reduction factors apply to

new purchases, bo for new housing and for replacement systems.

Unless noted otherwise, the percent savings in annual electricity

ion peak demand are assumed to be equal.

assumptions for the CT scenario are as follows:

1) ndow film is used along with 50% of new CAe installations in 1986-

87 and 100%' of installations in 1988 and thereafter. This provides a

10% reduction in cooling load, and is included in all cooling zoneSe

An inspection and servic~ng program is not included due to its
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questionable cost-effectiveness.

2) The efficiency of new conventional CAe systems is increased

relative to the base case due primarily to the new CEC efficiency

standards. The average SEER of new purchases is assumed to equal 9.7

during 1987-91,10.7 during 1992-96, and 12.0 during 1997-2005. This

results in 15-25% less electricity consumption for new installations

relative to the base case.

3) Conventional CAe systems are replaced by indirect evaporative

coolers in some installations in the hottest areas (climate zones 2

and 3) @ For the CT scenario, it is assumed that indirect evaporative

coolers replace 10% of new conventional CAe systems during 19~6-91,

25% during 1992-96, and 40% during 1997-2005 in these zones@

Furthermore I' it is assumed tha t indi rect evaporati ve coolers provide

an 80% energy and peak demand savings relative to the base case@

For the TP scenario, the same assumptions are made regarding

window film as in the CT scenario@ Other assup1ptions are as follows:

1) The efficiency of conventional CAe systems is 'increased to SEER == 12

ing 199

case@

2) Evaporat

OS@ This provides a 25-31% savings relative to the

coolers again replace some conventional CAe systems in

the hottest climate zones$ The fraction of new installations assumed

to be ive coolers in the TP scenario is 10% during 1986-87, 25%

i 1988-91, 50% during 1992-96, and 75% during 1997-2005@

3) It is assumed that thermal storage becomes available and is adopted

ong wi th 10% of new installations during 1988-91, 25% during 1992

1996, and 50% during 1997-2005. Furthermore, it is assumed that

thermal storage where us'ed totally eliminates peak demand, but
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provides no energy savings.

5. Cooking ranges

The assumptions regarding the average UEC of new electric ranges

in the base case scenario are deri ved from PG&E' s end-use model. The

average UEC of new purchases remains constant at 760 kWh/yr during

1985-2002. Modest efficiency improvements occur during 2003-2005.

For the CT scenario, the UEC assumptions are identical to those

in the base case. This is due to the apparent lack of energy savings

features now commercially available and the lack of efficiency

standards for ranges.

For the TP scenario, it is assumed that 50% of new purchases

during 1987-88 are at the base performance level and 50% are at the

level indicated by the "low technologies" package described in the

technology assessment@ During 1989-91, it is assumed that 25% of

purchases are at the base UEC, 50%· include the low technologies

features, and 25% are advanced models (featuri~ng an induction cooktop

and bi-radiant oven)@ During 1992-2005, it is assumed that 50% of

purchases include the low technology measures, and that 50% are

advanced models~ This results in an average UEe of 508 kWh/yr for new

purchases ing 1992-2005, 33% less than the predominant UEC in the

base scenario4$

6~ othes drxers

a.verage UEC of new electric clothes dryers in the base case

scenario are similar to that in PG&E l s model. During 1985-1994, the

average UEC is 808 kWh/yr ,which corresponds to a clothes dryer that

includes a moisture sensor. The average new product UEC then

gradually declines to 700 kWh/yr by 2005 in the base case.
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For the CT scenario, the ,assumptions are identical to those in

the base case. Once again, this is due to the lack of commercially

available savings options at the present time in the u.s.

For the TP scenar i 0 1* the same new product UEe as in the base and CT

cases is maintained through 1987. During 1988-91, it is assumed that

50% of new purchases have the moisture sensor feature and that 50% use

the first generation heat pump. During 1992-95, it is assumed that

new purchases are split evenly between the first generation heat pump

and microwave clothes dryers. Finally, during 1996-2005, it is

assumed that 50% of new purchases are an advanced heat pump and, 50% are

a microwave model. Also, it is assumed that all new models include a

moisture'sensor control after 1992e
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THE SCENARIOS

A. Results ~ scenario

The detailed calculations of energy consumption and peak power

demand by end-use for 1985-2005 are contained in 42 worksheets

presented in Appendices A, B, an'd C. (One appendix is devoted to each

scenario). Tables 1-,6 in this chapter summarize the results for each

scenario. The first three tables pertain to electricity consumption

while the latter three tables pertain to peak power demand. The end-

use abbreviations used in the tables are: REF -- refrig~rators, FRE -..
. .

freezers, EWH - electric water heaters, LTG ...... lighting, CAe - central

air conditioners, RAN - ranges, and CLD - clothes dryers.

Table 1 shows that in the base case scenario, overall electricity

consumption for the seven end-uses increases 37.4% between 1985 and

2005$ At the same time, the end-use model shows a 49.5% increase in

the number of households during the same peri<?d (equivalent to a 2.0%

annual growth rate)@ Thus, electricity consumption per household

the seven major end-uses declines about 8% over the 20 year period

in case scenario.

electri ty consumption in the base case is about 2%

greater than in PG&E's end-use model in 1911'S, a'bout 4% greater during

90's, 3 $ 5% greater in 2005 $ This is due to differences in

assumptions for water heating' and manual defrost freezers

the two projections.

Table 2 shows ~that in the current technology scenario, total

electricity consumption ,for the seven end-uses remains relatively

constant during the 1985-2005 period_ The estimate for the year
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Summary Electri Consumption
Base Case Scenario

ectricity consumption (GWh/yr)

Year REF EWH L're CAe RAN CLD TOTAL

1985 4101 1614 3591 878 1595 1503 15,158
1986 4750 1271 1691 3677 904 1651 1535 15,486
1987 4790 1282 1757 3756 931 1711 1564 15,791
1988 4817 1284 1824 3830 960 1765 1590 16,071
1989 4835 82 1872 3896 990 1814 1614 16,303
1990 4854 1 1 1916 3966 1021 1863 1636 16,532
1991 4877 1271 1962 40~8 1052 1914 1663 16,777
1992 4891 1261 2008 4122 1085 1972 1693 17,039
1993 4906 1263 2054 4204 1121 2026 1720 17,294
1994 4921 1251 2096 4290 1159 2086 1753 17,561
1995 4942 1255 21 4380 1199 2146 1781 17,840
1996 4965 1253 2173 4475 1230 2208 1814 18,119
1997 4993 1252 2218 4572 1263 2274 1846 18,417
1998 5018 1250 2253 4670 1296 2341 1877 18,704
1999 5046 1248 2289 4768 1331 2406 1911 19,000
2000 5079 1247 2313 4868 1370 2476 1940 19,293
2001 5108 1245 2354 4969 1410 2545 1970 19,602
2002 5143 1245 2388 5070 1452 2618 2002 19,918
2003 5177 1244 .2431 5172 1493 2680 2035 20,233
2004 5218 1245 2469 5274 1530 2734 2065 20,533
2005 5255 1245 . 2508 5376 1561 2778 2093 20,823
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Summary Electricity Consumption
Current Technology Scenario

Electricity consumption (GWh/yr)

Year FRE EWH LTG CAe RAN CLD TOTAL

1985 4101 1270 1614 3597 878 1595 1503 15,158
1986 4141· 1277 1656 3677 886 1651 1535 15,424
1987 4139 1218 1642 3546 893 1711 1564 15,372
1988 4740 1278 1628 3616 894 1765 1590 15,512
1989 4705 1 1607 3343 895 1814 1614 15,248
1990 4610 1262 1579 3403 895 1863 1636 15,308
1991 46 1253 1549 3465 895 1914 1663 15,376
1992 4595 1241 1520 3120 885 1972 1693 15,027
1993 4552 1229 1489 3182 879 2026 1720 15,077
1994 4508 1216 1462 3248 871 2086 1753 15,143
1995 4469 1205 1435 3316 866 2146 1781 15,217
1996 4418 1190 1421 2730 857 2208 1814 14,638
1997 . 4368 1175 1426 2789 847 2274 1846 14,724
1998 4317 1159 1440 2849 839 2341 1877 14 ,-a 22
1999 4266 1 4 1463 2908 835 2406 1911 14,934
2000 4217 1129 I 1479 2969 832 2476 1940 15,042
2001 4165. 1113 1500 3031 832 2545 1970 15,157
2002 4116 1098 1521 3093 833 2618 2002 15,282
2003 4065 1083 1555 3155 841 2680 2035 15,414
2004 4018 1069 1585 3217 847 2734 2065 15,534
2005 - 3967 1054 1616 3279 854 2778 2093· 15,643



Table 3

Summary Ele~tricity Consumption
Technical Potential Scenario

Electricity consumption (GWh/yr)

Year REF FRE EWH LTG CAe RAN CLD TOTAL

1985 4701 1614 3591 878 1595 1503 15,158
1986 04 1277 1650 3671 884 1651 1535 15,378
1987 4702 1218 1621 3546 "S89 1698 1564 15,304
1988 4703 1278 1606 3616 873 1740 1557 15,373
1989 4649 1264 1571 326·1 856 1762 1548 14,917
1990 4594 1248 1539 3320 83B 1785 1538 14,862
1991 454'2 1234 1496 3380 819 1807 1530 14,808
1992 4472 1208 1453 2935 783 1819 1511 14,179
1993 4401 1181 1408 2993 748 1827 1489 14,041
1994 4329 1153 1367 3054 711 1838 1469 13,922
1995 4260 1127 1331 3119 677 1849 1446 13,808
1996 4156 1091 1308 2327 642 1860 14i8 12,802
1997 4053 1054 1303 2371 605 1873 1389 12,656
1998 3947 1017 1296 2428 571 1885 1361 12,506
1999 3841 980 1302 2479 539 1896 1333 12,370
2000 3735 943 1302 2531 510 1908 1303 12,232
2001 3595 904 1305 2584 484 1920 1275 12,067
2002 3457 866 1310 26.36 456 1935 1249 11,910
2003 3320 828 1328 26B9 446 1949 1225 11,787
2004 3189 789 1344 2142 436 1967 1201 11,670

" 2005 3061 750 1361 2796 426 1989 1178 11,561
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2005, 15,643. GWh/yr, is only about 3% higher than estimated

consumption in 1985. -Correcting for growth in population and

housing, electrici ty consumption per household for the seven end-use~

declines 31% between 1985 and 2005 in the CT scenario.

Table 3 shows the electrici ty consumption resul ts for the

technical potential scenario. Here absolute consumption for the

seven end-uses declines about 24% between 1985 and 2005. Taking into

account population and housing growth, consumption per household

drops 49% over the 21 year period in the TP scenario@

It is worth noting once again that the seven end-uses considered

account for about 70% of total residential electrici ty consumption in

1985@ Accepting the the value for overall growth in electricity

consumption for other miscellaneous end-uses between 1985 and 2005 in

PG&E's end-use model (l~l%/yr on the average), total electricity

consumption for the entire residential sector would still fall nearly

10% in absolute value between 1985 and 2005 in the TP scenario~

Tables 4, 5, and 6 show the estima tes of peak power demand in each

of the scenarios. Between 1985 and 2005, summer peak demand is

estimated to increase nearly 57% in the base case scenario and 8% in

CT o@ demand grows faster than overall electricity

consumption because air conditioning increases in importance

re tive to other end-uses.

In the TP scenario, it is estimated that peak demand declines 32%

1985 and 2005 for the seven end-uses 0 The percentage

reduction in peak demand over the 20 year period is greater than the

percentage reduction in electricity consumption because of the very

large savings that are assumed for central air conditi'oning@



Table 4

Summa Peak Power Demand
Base Case Scenario

Power Demand (MW/yr)

Year REF LTG CAe RAN CLD TOTAL

1985 6 1 200 230 1665 512 267 3,667
1986 633 168 . 209 235 1714 530 273 3,762
1987 638 1 217 241 1764 549 278 3,856
1988 642 169 226 245 1820 566 282 3,950
1989 644 169 231 250 1876 582 287 4,039 .
1990 641 8 237 254 1934 598 291 4,128
1991 650 167 243 259 1994 614 295 4,221
1992 652 161 248 264 2056 633 301 4,320
1993 654 166 254 269 2124 650 305 4,423
1994 656 166 259 275 2i97 669 311 4,532
1995 658 165 264 281 2272 688 316 4,645
1996 661 165 269 287 2331 708 322 4,744
1997 665 165 274 293 2392 130 328 4,847
1998 669 165 218 299 2455 751 333 4,950
1999 672 164 283 305 2523 112 339 5,059
2000 671 164 286 I 312 2596 794 345 5,173
2001 681 164 291 318 2672 816 350 5,292
2002 685 164 295 325 2751 840 356 5',415
2003 690 164 301 331 2829 860 361 5,535
2004 695 164 305 338 2899 877 367 5,644
2005 700 164 310 344 2970 891 372 5,752



Table 5

Summary Peak Power Demand
rrent Technology Sce~ario

Peak Power Demand (MW/yr)

Year REF FRE EWH LTG CAe RAN Cto TOTAL

·1985 626 167 200 230 1665 512 267 3,667
1986 632 8 205 235 1619 530 213 3,721
1987 631 168 203 227 1693 549 278 3,749
1988 631 168 201 232 1694 566 282 3,776
1989 621 1 199 214 1695 582 287 3,771
1990- 622 166 195 218 1696 598 291 3,786
1991 618 165 192 222 1~96 614 295 3,802
1992 612 164 188 200 1678 633 301 3,774
1993 606 162 184 204 1664 650 305 3,776
1994 601 160 l8I 208 1650 669 311 3,780
1995 595 159 1 , 212 1641 688 316 3,789
1996 589 157 176 175 1624 708 322 3,750
1997 582 155 . 176 119 1604 730 328 3.,753
1998 575 153 178 182 1590 751 333 3,763
1999 568 1 181 186 1582 772 339 3,780
2000 562 149 183 190 1:576 794 345 3,799
2001 555 147 185 194 1577 816 350 3,~24
2002 548 145 188 198 1579 840 356 3,854
2003 542 143 192 202 1593 860 361 3,.893
2004 535 141 196 '206 1606 877 367 3,928
2005 529 139 200 210 1619 891 312 3,959



Table 6

Summary Peak Power Demand
Technical Potential Scenario

Peak Power Demand (MW/yr)

Year EWH LTG CAe RAN CLD TOTAL

1985 6 200 230 1665 512 267 3,667
1986 6 204 235 1675 530 273 3,712
1987 626 ,201 227 1686 545 278 3,731
1988 6 199 232 1655 558 271 3,715
1989 6 195 209 1622 565 275 3,652
1990 612 190 213 1588 572 273 3,613
'1991 605 195 216 1552 580 272 3,573
1992 596 180 188 1483 583 268 3-,457
1993 586 1 174 192 1417 586 264 3,375
1994 577 152 169 196 1348 590 261 3,292
1995 568 8 165 200 1283 593 257 3,213
1996 554 14'4 162 149 1216 597 252 3,073
1997 540 139 161 152 1147 601 247 2,987
1998 526 134 160 I 156 1082 605 242 2,904
1999 512 129 161 159 1021 608 237 2,827
2000 498 124 161 162 966 612 231 2,755
2001 ,479 119 161 165 916 616 227 2,683
2002 460 114 162 169 865 621 222 2,613
2003 442 109 164 2 845 625 218 2,576
2004 425 104 166 176 826 631 213 2,5:41
2005 408 99 168 179 80B 638 209 2,509
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B. Comparison of scenarios

Tables 7 and 8 display total electricity consumption and peak

demand over time in the three scenarios as well as the savings relative

to the base case. The s~vings are also displayed graphically in

Figures 1 and 2 e Table 9 summar i zes the percentage changes wi thi nand

between the different scenarioso

In- relation to the base case, electricity consumption in the CT

scenario drops 14.7% by 1995 and 24.9% by the year 2005@ The absolute

savings in 2005 is 5180 GWh/yr. This is equivalent to the power

delivered from about 1070 MW of baseload capacity, assuming a 60%

capacity factor and 8% T&D losses@

In comparing the TP scenario to· the base case, overall

electricity consu~ption declines 22@6% by 1995 and 44.5% by 2005@

The absolute savings in 2005, 9260 GWh/yr, is equivalent to the power

delivered from about 1900 MW of baseload capacity, ag~in assuming a

60% capacity factor and 8% T&D losses.

Table 8 and Figure 2 show the enormous pot~ntial reduction in

summer demand. By the year 2005, the estimated peak demand

savings reaches 1790 MW in the CT scenario and 3240 MW in the TP

scenario@ va represents a. 31% reduction from the base

case while the latter value represents a 56% reduction.

Figures 3 and 4 display electricity consumption for the various

and scenarios in the years 1995 and 2005 e These graphs show

relative importance of the different end-uses as well as the areas

fering the greatest savings potential @ The savings values in 2005

.are also presented in Table 10e



Table 7

Overall Comparison of Scenarios
Total Electricity Consumption

Electricity
Consumption (GWh/yr)

Savings relative to
Base Case (GWh/yr)

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Base
Case

,158
15,486

,791
16,071
16,303
16,532
16,777
17,039
17,294
11,561
17,840
18,119
18,417
18,704
19,000
19,293
19,602
19,918
20,233
20,533
20,823

CT
Case

15,158
15,424
15,372
15,512
15,248
15,308
15,376
15,021
15,077
15,l43,
15,211
14,638
14,724
14,822
14,934
1~,042

15,151
15,282
15,4~4

15,534
15,643

TP
Case

15,158
15,378
15,304
15,373
14,917
14,062
14,80e
14,179
14,047
13,922
13,808
12,802
12,656
12,506
12,370
12,232.
12,067
11,910
11,197
11,670
11,561

CT

o
63

419
559

1054
1224
1401
2012
2217
2419
2623
3482
3693
3882
4066
4250
4445
4637
4819
4999
5181

TP

o
108
487
697

1385
1670
1969
2859
3247
3640
4032
5317
5761
6198
6630
7060
7535
8008
8446
8863
9262

Notes: CT - current technology; TP - technical potential.
Applies only to the 7 residential end-uses considered.



Table 8

Overall Comparison of Scenarios
Peak Power Demand

Peak Demand (MW!yr) Savings relative to
Base Case (MW/yr)

Base CT TP
Year Case Case Case CT TP-
1985 3,661 3,661 3,661 0 0
1986 3,762 3,721 3,712 41 50
1987 3,856 3,749 3,731 107 125
1908 3,950 3,776 3,715 174 235
1989 4,039 3,771 3,652 268 386
1990 4,128 3,186 3,613 342 515
1991 4,221 3,802 3,573 420 648
1992 4,320 3,774 3,457 546 863
1993 4,423 3,176 3,375 647 1048
1994 4,532 3,780 3,292 753 1240
199~, 4,645 3,189 3,213 856 1432
1996 4,744 3,750 3,073 993 1671
1997 4,847 3,753 2,987 1094 1860
1998 4,950 3,763 2,904 1187 2046
1999 5,059 3,780 2,821, 1279 2232
2000 5,173 3,799 2,755 1374 2418
2001 5,292 3,824 2,683 1468 2609
2002 5,415 3,854 2,613 1562 2803
2003 5,535 3,893 2,5'16 1643 2959
2004 5,644 3,928 2,541 1717 3103
2005 5,752 '3,959 2,509 ' 1792 3243

Notes: err - curre'nt. technology; TP - techn'ical potential.
Applies only to the 7 residential end-uses considered.
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Table 9 - Changes in energy consumption and peak power demand
in the scenarios--- -_.- -----

Current
Base Technology

Scenario .1> Scenario

Technical
Potential
Scenario

Change in electricity
consumption (1985 ..... 2005)

Change in el.. consumption
per household (1985-200S)

Change in peak power
demand (1985-2005)

Change in peak demand
per household (1985-2005)

Change in el. consumption
in 2005 relative to base
scenario

+37% +3% -24%

-8% -31% -50%

+57% +8% . -32%

+5% -28% -55%

-25% -44%

Change in peak demand
in 2005 relative to base
scenario

-31% -56%

Refrigerators and lighting are clearly, the end-uses that can

provide the most electricity savings@ In the CT scenario, lighting

represents about 40% of the electricity savings and refrigerators

account for about 25% of the total electricity savings identified in

2005 @ Water hea.ters and central air condi.tioners account

for about 17% and 14% of the total savings respectively in that year.

In the TP scenario, lighting accounts for 28% of the electricity

.savings and refrigerat6rs account for 24% of the savings in 2005

tive to the base case@! Water heaters, central air conditioners,

ranges and clothes dryers each account for 8.5-12.5% of the total

savings in 2005 in this scenario~

Figures 5 and 6 display the summer peak demand estimates in 1995
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and 2005 according to end-use and scenario. Again, the data for 2005

are presented in Table 10. Here the importance of air conditioning

stands out. Two-thirds of the potential reduction in summer peak

demand by the year 2005 is associated with central air conditioning in

the TP scenario. This fraction is even higher in the CT scenario.

After air condi tioning, refrigerators and ranges appear to offer the

greatest peak demand savings potential.

I :

Table 10 - Savings potential in 2005 relative to the base
scenari

A@ Electricitx ~ (GWh)

End-use

Refrigera.tors
Freezers
Electric water heating
Lighting
Central air conditioning
Ranges
Clothes dryers

TOTAL

Current Technical
Technology Potential
Scenario Scenario

1288 (25%) 219.4 (24%)
191 ( 4%) .495 ( 5%)
892 (17%) 1147 (12%)

2097 (40%) 2580 (28%)
713 (14%) 1141 (12%)

0 789 ( 9%)
0 915 (10%)

5180 (100%) 9260 (100%)

Be Summer demand (MW)

Current Technical
Technology Potential

End-use Scenario Scenario

Refrigerators 171 (10%)
..,;.. .."y

292 9%)(
Freezers 25 ( 1%) 65 ( 2%)
Electric water heating 110 ( 6%) 142 ( 4%)
Lighting 134 ( 8%) 165 ( 5%)
Central air conditioning 1351 (75%) 2162 (67%)
Ranges 0 253 ( 8% )
Clothes dryers 0 163 ( 5%)

TOTAL 1790 (100%) 3240 (100%)
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ITATIVE ISSUES AND CONCLUSIONS

CHAPTER

OTHER CHARACTERISTICS OF A CONSERVATION POWER PLANT

The preceding technology assessments indicate that there is

substantially more cost-effective conservation available than is

currently incorporated in the PG&E' s 1985 end-use model and long term

planning results. The purpose of this chapter is to consider how a

conservation power plant might compa~e with supply resources in areas

other than technical potential and economics.

Thirteen different characteristics are discussed@ The first

nine:

@ Small and modular plant size
• Short lead time
@ Minimal capital/no AFUDC
~ Reduced environmental risks
• positive public relations
@ Enhanced regulatory acceptance
• Increased load shape control
@ Decreased dependence on oil and gas
• Reduced load forecast uncertainty

are covered in the section on factors that may decrease uncertainty*

These ovide support for the concept of relying on conservation@

second sect! on reviews four factors tha t may increase

uncertainty:

@ Technology performance and availability
@ Implementation effectiveness
• Customer behavior
@ Regulatory and political changes
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There are signjficant unknowns associated with these four

factors that must be taken seriouslYe However, at least some of

the risks can be reduced through careful research, demonstration,

monitoring and program design.

Many of the points in this section were made in PG&E's

Generic Comparison of Technologies (Generation Planning Depart~

ment), which calculates the comparative economics of 72 dernand-~

side and supply-side resource alternatives$ The report also

evaluates a variety of other attributes of the alternative

technologies including lead time, capital costs, AFUDC require~

ments, fuel diversity, and resource and regulatory constraintsg

In their comparison, conservation came out with high marks: "Con-

servation programs are our most efficient way of reducing revenue

requirements. They rank high by all measures and have very short

1 d o .. 1ea tlmes@
"'-

In addition, the report analyzed the risks associated with

lead time, fuel diversity and project costs for each of the 72

technologiese Of all the alternatives, conservation and load

management were determined to have the lowest risk.

We ink it will be useful to review some of these less

tangible benefits and risks as part of this initial report@ No

at been made to be exhaustive or to quantify the impacts

or re v~ weights$
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A. Characteristics that may reduce uncertainty

Small and modular plant size

Changes in the PG&E's operating environment have increased

the attractiveness of including small and modular resources in

the resource mix. Uncertain economic growth, increased competi-

tion and a cha~ging regulatory environment all contribute

to substantial demand and economic uncertainty and create a need

for planning flexibility.

The conservation opportunities described in this report

offer extraordinary flexibility. Programs can be designed to

"'generate" more or less conservation, as desired~@ Conser-

vation can be brought on line in stages, making it is easier to

match demand requirements or respond to changes in the environ-

ment@

In fact, there may be a substantial economic premium to

choosing small, modular resources e A recent study to determine

the value to utilities of modular resources conducted for the

E c Power Research" Institute states:

nUsing a new methodology for quantifying the benefits of
modular power generation technologies, project analysts
demonstrated that benefits such as short constructions lead
t and sma unit size can be significant. The results
of this study indicate a value to ratepa~ers of $100-

S300/kW, with higher values to shareholders."

Moreover, modular conservation resources can help to

decrease lanning fluctuations. For example, prior to the

commencement of Diablo Canyon and Helms operations, PG&E was

supply constrained, marginal costs were higher than average

costs, and electricity marketing was inappropriate. A year later

with Diablo Canyon operating, PG&E now has th~ opposite situa-
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excess capacity and marginal costs lower than

average costs, electricity ~arketing is again encouragedo

Digesting these enormous changes in direction and comrnun'icating

their logic and impact to employees and customers require

substantial time, expense and effort. Conservation can help

avoid many of the problems inherent in such "lumpy" reSOll

additions@

Short lead times

As lead times increase, so do the uncertainties surrounding

a project~ will the demand be there when the plant is comple

ted? Will intervening factors create delays and the ~ignificant

cost overruns that are common with long construc~ion periods?

Cost overruns are particularly endemic in central generating

stations and may result in massive price hikes that can eliminate

the demand growth the project was constructed to fill.

Moreover, the possibility of -regu.latory. disallowance of

costs if a utility over-builds creates an asymmetrical treatment

of planning error~ It may be wiser for a utility to under-build

and rely on resources with short lead times to accommodate demand

a.t r to be unable to recover costSm

Conservation and load management programs have the shortest

lead times of all resource alternatives, according to the Generic

of Technologies3 • They estimate the lead time for

single (already tested) conservation program to be 1/2 yea~

compared with 5.75 years for a gas turbine or 9@5 years for a
4small coal plante
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Ob'viously, the lead time of .a conservation power plant that

consists of a series of programs (or a program that has not been

previously tested) will depend upon the technologies used, the

program designs, customer purchase behavior and the staff and

budget available for implernentation@ Programs based upon

existing technologies and tested program designs will have

shorter lead times than programs that rely on products that are

still in the prototype stage or on untested strategiese However,

although longer lead times for advanced technologies or new

strategies are necessary, relatively small amounts of RD&D

capital will be required to develop and test them, J:imiti;ng· the

company's financial exposure $

11.!nimal caEital/no AFUne

The capital intensity of a project is of paramount impor

tance to PG&E because the CPUC does not allow funds used during

construction (AFUDC) to be recovered until the plant is opera

ting@ Obviously, large plants place more money at risk than

small plants@ Moreover, regulatory capping of utility returns

means that the utility cannot receive a higher return on larger,

ventures$

Conservation is particularly attractive because it is not

capital intensive and can be leveraged to use other peoples'

mo $' costs of conservation programs can be immediately

e nsed as most programs are now and there would be no AFUDC

exposure@ Appliance dealers and manufacturers would likely bear

the risk of producing and carrying the inventory of the techno

logies on which the conservation power plant is basede Moreover,
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programs could be desig~ed so customers or lenders put up the

bulk of capital, as in the current ZIP and rebate programs.

On the other hand, were PG&E to capitalize the cost of its

investment in the conservation power plant, the capital exposure

would be relatively small. The conservation power plant would be

"used and useful" as soon as the first efficient refrigerator

air" conditioner was plugged in, and, therefore, cost recovery and

returns on investment could be available almost immediately.

Reduced environment risks

A conservation power plant avoids the environmental costs

that result with more traditional power pla~t~,e F~ssil-fired

plants produce emissions of sulfur oxidesi nitrogen 6~ides and

particulates which cannot be 100% controlled. All fossil plants

also create C02~ While not a hazardous pollutant in itself p

increasing atmospheric levels of C02 are believed to create a

greenhouse effect causing a global warming that will melt

the ice caps and raise ocean levels. A recent EPA study5

predicted that the accumulation of carbon dioxide will cause

global warming sufficient to flood 1.7 percent of California land

wi a loss of $13 bill in land value alone@

1 thermal power plants, whether fossil or nuclear, create

waste heat ich must be dispersede Water is generally used f

to problems of water availability, cooling tower blowdown

disposal, and thermal discharges into lakes and oceans. Lastly,'

many thermal plants generate solid or liquid wastes (radioacti

waste, scrubber sludge, spent fuel) which have to be placed in

appropriate, and often scarce, disposal or containment sites~
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Clearly a conservation power plant compares favorably with

these s~pply options in terms of environmental impacts~ It would

have none of the pollution and waste problems mentioned above

and might even decrease the environmental risk of the whole

system by reducing or shifting demand.

There has been some concern that environment hazards, such

as indoor air pollution, are· associated with conservation

programs that tighten homes to reduce space conditioning costSe

This is not an issue with the appliance-oriented electricity

conservation measures proposed and evaluated in this' report@

Moreover, other utilities that have researched 'this" issue have

concluded that even weatherization programs do not subject

customers to excessive health risks~6

If all environment impacts of power generation were accu

rately quantified and included in the benefit/cost analysis,

conservation's economic advantage over fossil fuel, nuclear, and

even co-generation would be even greater. In fact, other

utilities are attempting to reflect these risks in their planning

process e

assig

For example, the Northwest Power Planning Council

a 10% "environmental premium" to conservation when

comparing it to traditional supply options. We understand that

lifornia utilities are starting to make adjustments for

intangibles, also@
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Positive public relations

PG&E serves 3.7 million residential customers who use one

third of its total electric salese These customers are ve

concerned about rate increases, and past experience indica

that they make their concerns known. Large, central station

power plants ·can cause rate "increases in large chunks, resulti

in an unpleasant "rate shock" for customers. Moreover customers,

because of their concern for environmental hazards, can contr

bute to the delays and cost overruns of large plants@

On the other hand, customers who have received conservation

services such as audits and financing have a more positivE

perception of PG&E. 7 Furthermore, recent studies indicate that a

large percentage of customers think that PG&E should continuE

l& d 0 ~ 8to prOVl e conservatlon serVlceS e

Pursuing a conservation power plant woul~' give PG&E many

opportunities to join forces with its residential customers tc

save energy and reduce electric costSe Every home that partici-

pated in a conservation program might have a sticker 'on thei!

refrigerator or other e~ficient appliance saying "I'm helping to

i a conser-vat power plant" @ It. would allow opportunities

to wo wi communities and community groups from whom PG&E

could purchase "conservation energy" through activities like the

Energy Management Program.

A conservation power plant would also give customers more

control over their bills. Customers could actively participate

in the power plant by purchasing and using efficient appliances,

and thereby reduce their energy consumption, offset high rates
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~nd rate increases, and keep total energy bills down. By

increasing customer control, the conservation power plant could

help to decrease high bill complaints and make the relationship

between the company and its customers· less adver~arial&

Enhanced regulatory acceptance

If PG&E wants to build an in-state power plant, it must

go through a certificate procedure at both the California Energy

Commission (CEC) and the California Public Utility Commission

(CPUC). It must invest time and money in exploring different

sites and alternatives to the plant~ The lead time to get

permission to build is more than three years, usually·followed by

a multi-year construction period that exposes the Company to the

risks of delays and cost overruns discussed previ~usly@

If, for some reason, the plant is never completed (perhaps

because of a 1 in demand) it is an open question whether the

utility will recover its costs@ Even if it is completed, the

utili cannot be sure how much of the costs it will recover

until an often long and gruelling prudence review is completed.

On the other hand, approval of expenditures for conservation

it comes a rate case covering funds to be

nt in the next 2-3 years~ The benefit-cost ratios for the

project can estimated over a reasonable time frame@ This

some uncertainty problems inherent in most supply

projects@ Another advantage is that the funds are approved in

advance in a rate case. While the CPUC may subsequently question

PG&E'g implementation of a conservation program, changes in

authorized funding levels usually affect future programs rather
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than penalizing past decisions.

financial exposure of the company.

As an alternative to the rate case approach, PG&E might

consider the unconventional approach" of filing a certificate

application for its conservation power plant, explicitly treati

conservation as an alternative source of supply. The compan~

could "rate base" some of the costs and earn a return on its

investment. This approach might offer more flexibility thar

rate cases. It would provide a basis for planning and gaining

approval for conservation programs that the PG&E wants tc

implement at some point in the future, when demand r~quires it?

but later than the current rate case may cover@

Lastly, the CPUC has published a series of policy statement!

in its opinions directing utilities to treat conservation like

supply and to pursue it when more cost-effective. The CEC, also,

has given conservation and load management programs preference

over conventional generation technologies. 9 A conservatiol

power plant would be directly responsive to these commissions~

statements and can be characterized as such~

Increased control over load shaEe

A conservation power plant consisting of strategically

igned conservation and load management programs and supporte.

riate rate signals could provide PG&E with greate

over its load shape@ For example, many of the end use

"covered in this report contribute heavily to peak load.

substituting the more efficient technologies described, the total

energy use will be decreased, also decreasing peak usage. Any
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improvement in the efficiency of air conditioners, for instance,

will automatically improve load shape,. reducing the peak to

average ratio.

In add.i tion, many residential appl.iances can be run off-peak

(laundry equipment, electric water heaters, ranges) although

there is currently little incentive for residential customers to

do so. The presence of time-varying rates (time of use or spot-

priced) could stimulate and reward behavioral changes. With such

rates available, the time of use of appliances could be changed

voluntarily by customers, through conventional utility-controlled

cycling devices, or through customer-programmeg interrupt

technologies.

future price, availability and security; Resources that decrease

company's' use of oil and gas or increase fuel diversity are

considered attractive@

Since conservation does not require any fuel (in fact, may

re ce oil/gas consumption), a conservation power plant would

decrease the Company's overall risk 'associated wi th 'oil and gas

Reduced load forecast uncertainty

Another possible benefit of conservation lies in its ability

to reduce the amount of uncertainty in demand forecasts@ This

concept was proposed by the National Resources Defense Council in
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their testimony before the cpuc11 • They suggest that deman~

uncertainty arises in part from a spread in probable economic

growth rates: higher economic growth means more appliances l

buildings, etc., and more energy use, while less growth leads to

proportionally less new energy demand. Conservation may lesse

the uncertainty by decreasing the ratio of new energy consumpti

to new economic activity. If all new homes are highly efficient p

then the impact on a utility of underestimating economic growtl

in absolute terms is lower then if the new demand came on line

with a higher consumption per household. Thus, conservation ma~

reduce the uncertainty in future demand for a given~uncertain

in future economic activity.

Conservation and load management programs may decreasE

uncertainty related to the variability of energy use in the

existing system as well. This would limit the spread in predicQ

tiona of energy 'consumption that occurs without conservatior

programs. Today there is a very wide range of efficiencies anu

energy consumption level~ available with new refrigerators, ai

conditioners and other appliances@ PG&E can only guess at how

market 11 respond to the energy conserving opportunities il

the next 20 years. But, if PG&E we~e to vigorously encourage th~

purchase of efficient products, there will be less uncertainty

i the average efficiencies in the future, and thus bette

'in end-use forecasting @
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B. Characteristics that may increase uncertainty

-On the other ha~d, there are substantial questions associa

ted with a heavy reliance on residential electricity conser

vat ion 8 Wi 11 .the t e c h n 0 109 i e s per form as expee ted ? wi 11

the savings be available when needed? Will the penetration be as

great as predicted?

This section reviews four issues: the performance of the

technologies; the effectiveness of program implementation;

customers behavior; and changes in regulatory climate. Each of

these issues will affect the predictability of demand reduction

from a conservation power plant· and will. require. fur.ther.. careful'

research if the.concept is to succeed@

Technology Performance and Availabilit,y

The first concern is whether the technology will be avail

able@ Many of the technologies discussed in this report are

already commercially produced and widely usede In fact, the

majority of the potential relies on existing technologies

that are readily available, fully-tested and have well-quantified

benefits, but are not yet widely used@

However, the more advanced technologies there is much

greater uncertain The technologies are primarily in the

prototype stage and field testing will be needed to verify their

rformance$ Moreover, there is substantial uncertainty about

when (or if) manufacturers will begin producing these appliances

whether sufficient trained installers will be available e
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Because of its large size, PG&E might h~ve some control over

this situation. It may be able to stimulate the production of

new technologies by offering incentives to manufacturers such as

committing to provide rebates in the future. Or, perhaps, if it

chose, PG&E could import, distribute or even produce super-effi-

cient appliances themselves, through a subsidiary, partnership?

or licensing arrangement.

A second area of concern is whether a technology will

actually deliver the predicted savings. The consumption values

used in this report for commercially available technologies are

based on monitored field test.s and a.re general~y re'liapleo

The savings in any particular household may begr~ater than or

less than what is stated here. But the average savings, which is

what concerns PG&E, s~ould be close to what is claimed.

However, for new, non-commercial technologies, a careful

program of research and development and periodic testing by PG&E
..

itself, by an independent testing laboratory, or in conjunction

wi th manufacturers will be essential to reduce the per'formance

uncertain uncertainty about the performance of advanced

technologies will decline as they are commercialized and use·d.

~le th i

research a

it is in PG&E's interest to proceed with the

development of the new technologies, so that they

will ready for program implementation. The earlier the work

is, the bettar the technology will be understood, and the

more robust PG&E's set of contingency resources will be@
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Finally, there is some concern that savings may decay over

ti~e because of poor maintenance of equ~pment or changes. in

operating conditionso PG&E is already embarking on an on~site

analysis of equipment efficiencies .to improve its understanding

of these issues12

In any case, the performance of technologies will have to be

carefully monitored and planning calculations, such ·as bene-

fit/cost ratios, will have to adjusted as better information

is available. The fact that the progra~s can be easily adjusted

as experience is refined is another benefit of the conservation

power planto

Implementation effectiveness

A second area-which can affect the accuracy of savings

estimates is the effectiveness of program implementationa

Clear not all of the savings identified in the technical

potential scenarios can be achievede If PG&E decides to further

evalua te a conservation power plant, it will have to make' s.ome

assumptions about the expected level of penetration of techno-

logies in response to marketing and incentive efforts to get a

better idea of the realizable size of the plant@ This is

discussed in next chapter@

Ma at penetration is dependent upon a series of factors

including price (rebate levels, rate structure), promotion

vertising, sales force), effectiveness and credibility of

distribution channels13 , and the product itself. PG&E already
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has valuable experience in program design and implementation.·

Using well-planned pilot-tests with market research and evalua-.

tion components will help further refine its ability to create

and operate programs in the most cost-effective way to obtain the

desired results. We should note that these tests 'are most

appropriately done before the resource is needed so that the

technology and program design can be Fine-tuned. There is the

opportunity to do this now when supply is not constrained and

avoid potentially higher costs of "crisis response" in the

future.

EPRI's current project on customer behavior. and attitude may

provide insight into determining the amount of incentives or

promotion required to achieve a certain level of market penetra

tion& In addition, many other utilities are testing appliance

'programs and their experience will h~lp PG&E pinpoint how to

design effective incentives to generate the level of response

desired&

Measurement is an jmportant part of implementation effect

iveness& Keeping close tabs on how the average efficiency

new over time will enable PG&E to understand

t level of conservation that is occurring. Sales of the

various efficient appliances will give a general indication of

co~servation power plant is progressing@ Program design

savings estimates can be refined as information is obtained.
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Customer behavior

Customer behavior may affect the predictability of demand

reduction from conservation or load management programs.

The first risk is one of re-spending, or what economists call the

"income effect"~ Theoretically, conservation will result in

lower utility billse The income freed up may be used to buy

goods which result in more electricity use (e.ge extra appliances

and horne entertainment equipment), or may justify raising the

thermostat or buying an air conditioner@ This issue is important

and not well understood. On-going behavioral studies and market

research on the use of discretionary income will be. necessary to

identify the likely impacts.

A second concern is that customers may inhibit the effect

iveness of installed technologies~ They may remove low-flow

showerheads, change the setting on the water heater, or neglect

ir air conditioner filter. Much of this can be accounted for

by incorporating actual customer use data and behavioral studies

into saving estimates and by focusing on conservation measures

where there is less likelihood of behavior variation.

re is a 0 justifiable concern that utility incentive

programs provide unnecessary subsidies. to those who would have

bought an efficient model anyway. These redundant subsidies

into account when evaluating the actual savings

and cost-effectiveness of a program. The important issue is

ther or not a program is attractive compared to other supply

options when redundant subsidies are considered~ We believe it

is entirely possible to design programs that are economical and
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that minimize unnecessary incentives. For example, incentives

could be restricted to new, super-efficient models, or to only

the extra first cost of the more efficient appliance.

Finally, there is an continuing concern about equity

that non-participants will be penalized by the costs of a

conservation program. A non-participant test (also known as the

"no-losers test") requires that rates do not increase. Some

utilities use it to evaluate their conservation programs, but it

is a more stringent assessment than is used for any other

resource option. Moreover, intangibles such as environmental

degradation and increased risks associated with traditional

supply that can affect all ratepayers are not factored into the

.. h 1 G .. 14 h .. d h .,equatlon. at er p ann1ng agencles ave reJecte te non-partl-

cipant test and we hope that PG&E and its regulators will do the

same@

~egul~tor~ and Political changes·

As utilities are more directly involved in conservation,

they are becoming increasingly c·ompetitive with existing busi-

nesses@ Manufacturers, dealers and installers are concerned

utilit have an marketing advantage and are seeking

to 1 t utility activit through legislation and regulation.

For example, legislation in California prohibits PG&E from

r ng contrac~ing wo on non-utility property, except

for utility functions (generation, transmission or distribution

electricity, gas, water or steam)@ The utility is allowed to

only "up to the meter" of a building.
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Moreover, the signals coming from PG&E's regulators about

conservation are becoming ·less clear. Conservation may not·

continue to receive the regulatory support it has in the past

from either the CPUC or the CEC.

The impact of these and other ch~nges in the political

environment is extremely uncertain. They have the potential to
i

severely limit the program design and implementation options

avai labIa for the conservation power' plant $ For example, PG&E

might be prohibited from offering appliance installation and

maintenance services. Or, on the other hand,' regulators might

require that all conservation programs be offered to all rate-

payers, rather than just to cost-effective segments&' It is

unclear whether a conservation power plant-would experience

more or less political penalties than other resources would.

There are some factors that may mitigate against the adverse

effects of these changes@ For example, PG&E's long standing
,

relationship with its trade allies through the Electric and Gas

Industries Association and the more' recent Contractors Advisory

Group have shown that programs can be designed to benefit all

parties @ so, cause conservation is flexible and has a

lead time, programs can changed more rapidly in response to

a changing regulatory imate than can most other resources$
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c. Summary:

Considering. the broad range of issues discussed- here, a

conservation power plant appears to offer an attractive, strate

gic, contingency resource for PG&E. In comparison to supply

options ,it has the shortest 'lead ~irnes, the lowest risk of

environm~ntal degradation, no AFUDC exposure, maximum flexi

bility, and decreased dependence on oil and gas. It is less

likely to experience regulatory delays and has the potential

to improve the Company's relations with its customers. A well

designed set of conservation and load management programs

can offer increased control over the load shape and "decreased

load uncertainty. No other resource ·opti~n can provide all of

these benefits.

The uncertainties associated with the effectiveness of a

conservation. power plant relate primarily to the uncertainties in

technologies, implementation, customer response and unexpected

changes in the regulatory and political environment. These

uncertainties may be problematic@ However, we believe that they

can be managed·" and 1 i ted through a we II-planned program of

re , development and demonstration~ This program would be

relative inexpens in comparison to the capital commitment

required for a central station power plant. It should be started

diately to provide the most robust set of resource options

company.

In the next chapt~r, we suggest a series of next steps that

PG&E should take to proceed to evaluate and develop a conserva

tion power plant.
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CONCLUSION AND NEXT PS

A@ Cone usion

The teehni cal and economic potential for electr i ci ty sav i ngs in

PG&E's residential sector is enormous. Considering only

technologies now commercially available (along with slight

additional savings due to the new state minimum efficiency

standards), we estimate a potential reduction in electricity

consumption of 5180 GWh/yr and a potential reduction in peak summer

demand of 1790 MW by the year 2005 (see Chapter 10) $ Allowing for the

commercialization and phase-in of advanced technologies that appear'

to be cost-effecti ve and technically achievable, the potential

savings increases to 9260 GWh/yr and 3240 MW of peak summer demand by

2005~

These savings estimates do not include any changes in equipment

saturation or appliance retirement@ Of co~rse, shifting to some

extent from electrical to gas equipment or encouraging a more rapid

turnover in the appliance stock could further increase the savings

potential.

On 0 hand, the estimates of savings potential are based

on rap ifts to more-efficient new appliances on a massive scaleo

The estimates of savings potential do not take into account any of the

1 ta ons inhibiting high levels of implementation. In reality,

it is unlikely that the full technical and economic potential can be be

ieved@

All of the energy savings options included in the. current

technology and technical potential scenarios appear to be cost-
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effective relative to PG&E's marginal energy and/or peak capacity

costs. ~his judgement is based on the estimated extra first cost for

the options, along with economic assumptions consistent with utility

finan.cing. No attempt was made to estimate and include program costs

or other costs associated with obtaining the indicated savings.

We also have not attempted to estimate the total first cost or

cost of saved energy and peak power associated with the conservation

power plant at this stage. This is due to the complexities introduced

by including a large number of options with differing lifetime~ and

penetration rates relative to the base case scenario. It is felt that

it would be more reasonable to estimate overall cost and cost

effectiveness once a conservation power plant is better defined.

It should be recognized t,hat many of the energy' savings measures

important end-uses such as refrigerators and lighting appear to be

very cost-effective (i.e@, with a cost of saved energy that is less

than $OI$05/kWh, and in some cases less t:han $O$02/kWh) @ This

suggests t an overall conservation power plant could be

considerably less expensive than alternative energy supply

resources @ Even though PG& E does not need large amoun ts of new energy

ilities ing the next 20 years, energy efficiency

improvements in the areas examined are more economical than even small

~ddi s of new generating capacitYI$

The discussion in Chapter 11 concerning the qualitative

teristics of a conservation power plant indicates that there

a.re other advantages to PG&E vigorously pursuing end-use

efficiency as a. resource option. These include short lead time, high

ibility, technological diversity, and favorable environmental
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'. impacts. On the other hand, there are significant uncertainties

.related to implementation, utility involvement, and customer

response. But, through comprehensive technical analysis as well as

program experimentation and evaluation, we believe it should be

possible to limit these uncertainties to manageable levelse

The development and implementation of a strategy to obtain many

hundreds of MWs and thousands of GWhs of electricity savings is no

doubt a complicated, multi-stage process (as is the construct.ion of

equivalent generating capacity). We hope this assess~ent of the

potential components and size of a conservation power plant is a

useful first step in that process.

The concept of designing and implementing a conservation power

plant presents PG&E wi th a tremendou·s oppo'rtuni ty for minimizi ng the

cost of' energy services among its customers, as well as for providing

other benefits@ At the same time, a well-supported, long-term and

strategic commitment to increasing end-use efficiency is something

new PG&E and other utilities@ By building a conservation power

plant,. PG&E can not only better serve its own customers,. bu t can also

lead the way within the rapidly changing utility industry.

B~ Ste2.s

We recommend that a number of activi ties be undertaken to further

the ocess of evaluating and developing the conservation power

The order. of the following recommendations is not meant to

i icate priority or importance.

l~ Continue to develoe scenarios

Now that the full technical and economic savings potential has

been estimated, it would be useful to develop one or more
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"implementation-constrained" scenarios. To develop these new

scenar i os, assumpti ons are· needed regardi ng which technology opti ens

to include, the level of penetration that can be achieved, and the

timing of implementation.

The assumptions needed for an implementation-constrained

analysis could be generated by examining previous programs conducted

by PG&E to promote, finance, and provide incentives for energy

efficient appliances and residential electricity conservation in

general@ This experience should be reviewed with the objective of

defining what could be achieved in new efforts that are strategically

designed, well-funded and supported, and aggressively pursued.

Now that a computer program has been developed for conducting the

scenarios analysis, it is straightforward to produce additional

scenarios by adopting new assumptions regarding new product

efficiencies and other factorse

Besides generating such scenarios 1 it w0!:11d be useful to further

ine the computer program itself@ This could in.clude.. adding the

costs for energy conservation into the scenarios analysis,

integrating t~e technology assessments and scenarios analysis wi thin

ter program, and adding a provision for including

conservation program costs as part of the analyses.

2~ ~~~}~ to assess erogram options

realization of large electricity savings in the residential

sector will require a host of well-designed and skillfully

implemented programs @ Program opti ons should be carefully studied 1

including issues such as potential costs, potential savings and other

benefits, and institutional obstacles@
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Programs involving a continuation or expansion of past

activities should of course be considered. This includes

conventional residential rebate'and financing programs* Also, new

program options should be investigated, including:

a) Marketing, financing and installation efforts conducted solely by

PG&E or together wi th trade ·allies such as appliance dealers or HVAC

contractors;

b) The creation of a subsidiary to manufacture, import, or distribute

very efficient appliances;

c) Programs involving equipment rental or leasing;

d) Residential shared savings or pay-for-savings programs;

e) Incentive programs targeted at the parties that play an important

role in equipment selection (appliance dealers, landlords, or AC and

plumbing contractors);

~) Programs to stimulate the commercialization of n~w, highly

efficient end-use technologies~

In reviewing previous program experience an"d thinking about new

programs, attention should be given to the issue of the "reliability"

of the savings and penetration estimates. Acknowledging major

uncertainties lead to sugges ons for new program evaluations

ogram experiments that could help to better define the likely

from large-scale programse

3 $ ~nalxze potentia.l R&D activi,ties

Many technology-oriented R&D projects were recommended at the

of each technology assessment. These project ideas need to be

therstudied, including the development of project outlines and

objectives, time requirements, and funding requirements@ Then it
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would be useful to generate a list of high-priority projects and a

multi-year R&D plan.

Technology R&D efforts ideally should be linked to the

commercialization and implementation of important electricity

conservation measures, i.e., focusing on technologies that are

logical elements of a conservation power plante It should be easier

to develop this linkage once conservation strat~gies are better

defined@

4~ Evaluate intra-utiltty and regulatory issues

It is likely that initiating and successfully V1buildingU a

conservation power plant will require favorable decisions from wi th.in

PG&E and from the utility commission. It may be useful to consider at

an early stage th"e obstacles (if any) to such an effort in PG&E and the

CPUC, and how they might be overcome.

Some of the issues to consider include:

a) How is conservation investment and promotion viewed within the

company? What needs to be demonstrated in order to pr:ocee'~ with such

an endeavor?

b) What are the legal and regulatory constraints to the broad effort as

1 as specific programs and activities? How might these

constraints be overcome?

c) What are the funding and financing options and constraints and how

they impact the company?

Pursuing a conservation power plant will also effect revenue

irements, rates, and other financial considerations within PG&E@

Once the direct costs and other effects of the endeavor are better

defined, these impacts should be analyzede
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Table A-I

PG&E Conservation Power Plant Study
Standard Refrigerator Analysis
Base Case Scenario

unit Agg
SF Other Total New Retire UEC UEC Total UEe Peak Peak

stock stock stock units units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 715 712 1427 63 53 695 830 1134 795 106 151
1986 717 7 1438 64 53 695 830 1135 789 105 151
1987 719 729 1448 63 53 695 830 1134 783 104 151
198·8 721 737 1458 63 54 580 810 1127 773 103 150
1989 723 744 1467 63 54 580 810 1120 763 102 149
1990 725 752 1477 64 54 580 805 1113 754 1"00 148
1991 727 761 '. 1488 65 55 580 BOO 1107 744 99 148
1992 731 771 1502 69 55 436 780 1094 729 97 146
1993 734 781 1515 68 56 436 780 1081 713 95 144
1994 138 792 1530 71 56 436 770 1068 698 93 142
1995 742 804 1546 72 57 436 760 1056 683 91 141
1996 747 817 1564 75 58 436 760 1045 668 89 139
1997 752 830 1582 76 58 436 750 1034 654 87 138
1998 756 844 1600 "76 59 436 740 1024 640 85 136
1999 761 858 1619 78 60 436 730 1014 627 83 135
2000 766 872 1638 79 60 436 725 1005 614 82 134
2001 770 884 1654 76 61 436 715 995 601 80 133
2002 776 894 1670 77 62 436 710 985' 590 79 131
2003 781 904 1685 77 62 436 700 975 578 77 130
2004 781 914 1701 78 63 436 695 965 567 76 129
2005 792 924 1716 78 63 436 690 955 557 74 127
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PG&E Conservation Power Plant study
Frost-Free Refrigerator Analysis
Base Case Scenario

Unit Agg
Total New Retire UEC UEC Total UEC Peak Peak

stock stock Units Units New Retire Usage Stock Demand Demand
Year (10 ) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 2089 8 2767 165 102 1127 1345 3567 1289 172 475
1986 2136 698 2834 169 104 1120 1345 3615 1276 170 482
1987 2183 719 2902 172 107 1070 1345 3656 1260 168 487
1988 2228 739 2967 2 109 1020 1300 3689 1243 166 491
1989 2268 7 3025 167 III 1020 1300 3715 1228 164 495
1990 2307 776 3083 169 114 1020 1300 3740 1213 162 498
1991 2351 795 3146 177 6 1020 1300 3770 1198 160 502
1992 2399 811 3216 186 118 .950 1260 3797 1181 157 506
1993 2448 839 3281 189 121 950 1250 3826 1164 15-5 510
1994 2496 861 3357 191 124 950 1250 3853 1148 153 513
1995 2550 883 3433 200 126 950 1240 3886 1132 151 518
1996 2604 908· 3512 205 129 950 1240 3920 1116 149 522
1997 2662 932 3594 211 132 950 1230 3958 1101 147 527
1998 2717 957 3674 212 135 950 1225 3994 1087 .145 532
1999 2773 982 3755 216 138 950 1215 4032 1074 143 537
2000 2833 1008 3841 224 142 950 1210 4074 1061 141 543
2001 2890 1035 3925 226 145 950 1205 4114 1048 l~O 548
2002 2952 1061 4013 233 148 950 1190 4159 1036 138 554
2003. 3014 1085 4099 234 151 950 1180 4203 1025 137 560
2004 3080 1111 4191 243 154 950 ,1170 4253 1015 135 .567
2005 3143 1136 4279 242 158 950 1165 4299 1005 134 573
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PG&E Conservation" Power Plant Study
Standard Freeze~ Analysis
Base Case Scenario

unit Agg
SF 0 Total New Retire UEC UEC Total UEC Peak Peak

stock stock stock units units New Retire Usage stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 691 158 849 45 28 750 910 688 810 107 91
1986 705 162 867 46 29 725 905 695 802 106 92
1987 719 166 885 47 29 700 905 701 792 104 92
1988 732 1 902 46 30 650 900 704 781 103 93
1989 744 174 918 46 31 600 900 705 767 101 93
1990 756 177 933 46 31 550 895 702 752 99 92
1991 768 181" 949 47 32 500 880 697 735 97 92
1992 783 186 969 52 32 484 875 694 716 94 91
1993 797 190 987 50 33 484 870 690 699 92 91
1994 812 194 1006 52 34 484 865· 686 682 90 90
1995 828 199 1027 55 34 484 860 683 665 88 90
1996 845 205 1050 57 35 484 855 681 648 85 90
1997 862 210 1072 57 36 484 850 678 632 ~3 89
1998 879 216 1095 59 36 484 845 676 617 81 89
1999 896. 221 1117 58 37 484 840 673 602 79 89
2000- 913 227 1140 60 38 484 835 670 588 77 88
2001' 930 232 1162 60 39 484 " 830 667 574 76 88
2002 949 237 "1186 63 40 484 825 665 560 74 88
2003 968 242· " 1210 64 40 484 820 662 547 72 87
2004 988 246 1234 64 41 484 ' 810 660 535 70 87
2005 1007 251. " 1258 65 42 484 800 658 523 69 87
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PG&E Conservation Power Plant study
Frost-Free Freezer Analysis
Base Case Scenario

Unit Agg
SF Other Total New Retire UEC UEC Total UEC Peak Peak

stock stock stock Units Units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 0 56 326 18 11 1137 , 1900 582 1785 235 77
1986 276 334 19 11 1137 1890 582 1743 230 77
1987 281 59 340 17 11 1137 1880 580 1707 225 76
1988 286 61 347 18 12 1137 1870 580 1671 220 76
1989 291 62 353 18 12 37 1860 578 1637 216 76
1990 295 . 63 358 17 12 1137 1850 575 1606 212 76
1991 300 65 365 19 12 1137 1840 574 1572 207 76
1992 306 66 372 19 12 1137 1830 573 1540 203 75
1993 312 68 380 20 13 1137 1820 573 1508 199 76
1994 317 69 386 19 13 1137 1810 571 1480 195 75
1995 324 71 395 22 13 1137 1800 572 1449 191 75
1996 330 73 403 21 13 1137 1780 572 1420 187 75
1997 337 75 412 22 14 1137 1760 574 1393 183 76
1998 343 77· 420 22 14 1137 1740 574 1367 180 76
1999 350 79 429 23 14 1137 1720 576 1342 177 76
2000' 357 81 438 23 15 1137 1700 577 1318 174 76
2001 364 82 446 23 15 1137 1680 578 1296 171 76
2002 371 84 455 24 15 1137 1660 580 1275 168 76
2003 378 96 . 464 24 15 1137 1640 582 1255 165 77
2004 386 . 87 473 24 16 1137 1620 584 1236 163 77
2005 393 89 482 25 16 1137 '1600 587 1218 160 77
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~G&E Conservation Power Plant study
Electric Water Heater Analysis
Single Family Housing
Base Case .Scenario

Unit Agg
SF New Retire UEC UEC Total UEC Peak Peak

stock units units New Retire Usage Stock Demand Demand
Year (1000) (1000) (lOOO) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 3,00 32 18 4030 4400 1320 4400 544 163
1986 315 33 18 4030 4400 1374 4361 539 170
1987 329 33 19 3870 4400 1418 4309 533 175
1988 344 35 20 3870 4300 1467 4265 527 181
1989 357 34 21 3590 4300 1499 4199 519 185
1990 370 35 22 3590 4300 1530 4136 511 189
1991 384 36 22 3450 4200 1562 4067 503 193
1992 399 38 23 3450 4200 1596 4000 495 197
1993 415 40 24 3450 4200 1633 3935 487 202
1994 430 40 25 3450 4100 1669 3880 480 206
1995 447 43 26 , 3450 410Q 1710 3826 473 211
1996 464 44 27 2980 4100· 1731 3730 461 214
1997 485 49 28 2980 4030', 1764 3636 450 218
1998 503 47 29 2980 4030· 1786 3551 439 221
1999 522 49 30 2030 3870 1769 3389 419 219
2000 538 47 31 2030 3870 1744 3241 401 216
2091- 558 53 33 2030 3590 1733 3107 384 214
2.Q d2 578 54 34 2030 3590 1721 2978 368 213
2003' 600 57 35 2030 3450 1716 2861 354 212
2004 621 57 36 2030 3450 1708 2750 340 211
2005 643 60 38 2030 3450 1699 2642 327 210



Table A-6

PG&E Conservation Power Plant study
Electric Water Heater Analysis
Multi-Family and Mobile Housing
Base Case Scenario

Unit Agg
SF New Retire UEC UEC Total UEC Peak Peak

stock Units Units New Retire Usage stock Demand Demand
Year (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 105 32 6 2500 3000 294 2800 346 36
1986 112 14 7 2500 3000 308 2752 340 38
1987 118 13 7 2500 3000 320 2710 335 40
1988 124 13 7 2500 3000 331 2671 330 41
1989 129 13 8 2120 3000 335 2598 321 41
1990 134 8 2120 3000 339 2529 313 42
1991 140 14 8 2120 2900 345 2466 305 43
1992 146 15 9 2120 2800 352 2412 298 44
1993 152 15 9 2120 2700 360 2367 293 44
1994 160 17 9 2120 2650 372 2323 287 46
1995 167 . 17 10 .2120 2600 382 2287 283 47
1996 175 18 10 1810 2550 389 2222 275 48
1997 183 19- 11 1810 2500 396 2164 267. 49
1998 191 19 : 11 1810 2500 403 2109 261 50
1999 200 21 12 1810 2500 411 2055 254 51
2000 208 20 12 1810 2500 417 2005 248 52
2001 216 21 13 1810 2120 428 1980 245 53
2002 221 18 13 1810 2120 433 1958 242 53
2003 229 21. ·13 1810 2120 443 1935 239 55
2004 236 21 14 1810 2120 451 1913 236 56··
2005 243 21 . 14 1810 2120 460 1892 234 57



Table A-7

PG&E Conservation Power ant study
Lighting Analysis
Base Case Scenario

unit Agg
SF Other Total UEC Total Peak Peak

stock stock stock stock Usage Demand Dernand
Year (1000) ( 00-) (1000) (kWh) (GWh) (watts) (MW)

1985 2288 1309 3597 1000 3597 64 230
1986 2335 1342 3677 1000 3677 64 235
1987 2381 1375 3756 1000 3756 64 241
1988 2424 1406 3830 1000 3830 64 245
1989 2462 1434 3896 1000 3896 64 250
1990 2502 1464 3966 1000 3966 64 254
1991 2544 1494 4038 1000 4038 64 259
1992 2593 1529 4122 1000 4122 64 264
1993 2640 1564 4204 1000 4204 64 269
1994 2690 1600 4290 1000 4290 64 275
1995 2742 1638 4380 1000 4380 64 281
1996 2797 1678 4475 1000 4475 64 287
1997 2853 1719 4572 1000 4572 64 293
1998 2909 1761 4670 1000 4670 64 -299
1999 2966 1802 4768 1000. 4768 64 305
2000 3023 1845 4868 1000 4868 64 312
2001 3081 1888 4969 1000 4969 64 318
2002 3143 1927 5070 1000 5070 64 325
2003 3207 1965 5172 1000' 5172 64 331
2004 3270 2004 5274 1000 · 5274 64 338
2005 3333 2-043 5376 1000' 5376 64 344



Table A-8

PG&E Conservation Power Plant study
CAe Analysis ~ Zone 1
Base Case Scenario

unit Agg
Total New Retire UEC UEC Total UEC Peak Peak
units units units New Retire Usage stock Demand Demand

Year (1000) (1000) (IOOO) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 41.80 5.35 2.09 840 976 32.50 778 1473 62
1986 45.40 5.87 2.27 840 976 35.22 776 1470 67
1987 49.00 6.05 2.45 840 976 37.91 774 1466 72
1988 52.60 6.23 2.63 840 . 950 40.64 773 1464 77
1989 56.20 6.41 2.81 840 950 43.36 771 1462 82
1990 59.80 6.59 2.99 840 950 46.05 770 1459 87
1991 63.40 6.77 3.17 840 925 48.81 770 1459 92
1992 67.00 6.95 3.35 840 925 51.54 769 1458 98
1993 70.60 7.13 3.53 840 925 54.27 769 1457 103
1994 74.20 7.31 3.71 840 960 56.85 766 1452 108
1995 7.80 7.49 3.89 840 935 59.50 765 1449 113
1996 81.40 7.67 4.07 750 935 61.45 755 1431 116
1997 ~a5.00 7.85 4825 750 935 63.36 745 1413 120
1998 88.60 8.03 4.43 750 900 65.40 738 1399 124
1999 92.20 8.21 4.61 750 900 67.41 731 1.385 128
2000 95.80 8.39 4.79 700 8S0 69.21 722 1369 131
2001 99.40 8.57 4.97 700 850 70.98 714 1353 135
2002 103.00 8.75 5.15 700 850 72.73 706 1338 138
2003 106.60 8.93 5.33 650 850 74.00 694 1316 140
2004 110.20 9.11 5.51 650 850 75.24 683 1294 143
2005 113.80 9.29 5.69 650 850 76.44 672 1273 145



Table A-9

PG&E Conservation Power Plant Study
CAe Analysis - Zone 2
Base Case Scenario

Unit Agg
Total New Retire UEC UEC Total UEC Peak Peak
units units units New Retire Usage Stock Demand Demand

Year (lOCO) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 162.40 17.00 8.12 950 1250 147.00 905 1715 279
1986 171.40 17@57 8.57 950 1250 152.98 893 1691 290
1987 180.40 18.02 9.02 950 1250 158.82 880 1668 301
1988 189.40 18.47 9.47 950 1250 164.53 869 1646 312
1989 198.40 18.92 9.92 950 1250 170.11 857 1625 322
1990 207.40 19.37 10.37 95Q 1250 175.55 846 1604 333
1991 216.40 19.82 10.82 950 1250 180.85 836 1584 343
1992 225.40 20.27 11.27 950 1200 186.58 828 1569 354
1993 234.40 20.72 . 11.72 950 1200 192.20 820 1554 364
1994 243.40 21.17- 12.17 950 1100 198.93 817 1549 377
1995 252.40 21.62 12.62 950 1100 205.58 815 1543 390
1996 263.40 24.17 13.17 750 1000 210.54 799 1515 399
1997 274.40 24.72 13.72 750 1000 215.36 785 1487 408
1998 285.40 25.27 .27 750 1000 220.04 771 1461 417
1999 296.40 25.82 14.82 750 900 226.07 763 1445 428
2000 307.40 26.37 15.37 700 900 230.70 750 1422 437
2001 318.40 26.92 15.92 700 850 236.01 741 1405 447
2002-· 329.40 27.47 16.47 700 850 241.24 732 1388 457
2003 340.40 28.02 17.02 650 850 244.98 720 1364 464
2004 353.00 30.25 17.65 650 850 249.64 707 1340 473
2005 365.00 30.25 18.25 650 850 · 253.79 695 1318 481



Table A-IO.

PG&E Conservation Power Plant study
CAe Analysis Zone 3
Base Case Scenario

Unit Agg
Total New Retire UEC UEe Total UEC Peak Peak
units units units New Retire Usage stock Demand Demand

Year (1000) (~OQO) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 361.00 31.20 18.05 1400 1800 523.00 1449 2745 991
1986 374.72 32.45 18.74 1400 1800 534.71 1427 2704 1013
1987 388.96 33.69 19.45 1400 1800 546.87 1406 2664 1036
1988 403.74 34.97 20.19 1400 1700 561.50 1391 2635 1064
1989 419.08 36.30 20.95 1400 1700 576.70 1376 2608 1093
1990 435.00 37.68 21.75 1400 1700 592.47 1362 2581 1123
1991 451.53 39.11 22.58 1400 1700 608.83 1348 2555 1154
1992 468.69 40.59 23.43 1400 1700 625.83 1335 2530 1186
1993 486.50 42.14 24.33 1400 1600 645.90 1328 2516 1224
1994 504.99 43.74 25.25 1400 1600 666.73 1320 2502 1263
1995 524.18 45.40 26.21 1400 1600 688.35 1313 2488 1304
1996 544.10 47.12 27.20 1200 1500 704.09 1294 2452 1334
1997 564.77 48.91 28.24 1200 1500 720.43 1276 2417 1365
1998 586.24 50.77 29.31 1200 1500 737.39 1258 2384 1397
1999 608.51 52.70 30.43 1200 1500 755.00 1241 2351 1431
2000 631.64 54.71 31.58 1200 1400 776.43 1229 2329 1471
2001 655.64 56~78 32.78 1200 1400 798.67 1218 2308 1513
2002 680.55 58.94 34.03 ·1200 1400 821.77 1207 2288 1557
2003 706.41 61.18 35.32 1200 1400 845.74 1197 2269 1603
2004 733.26 63.51 36.66 1100 1400 864.26 1179 2234 1638
2005 761.12 65~92 38.06 1100 1400 '883.50 1161 2200 1674



A-Il

PG&E Conservation Power Plant Study
CAe Analysis - Zone 4
Base Case Scenario

unit Agg
Tot~l New Retire New Retire Total UEC Peak Peak
units units units UEC UEC Usage stock Demand Demand

Year (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 318.00 30.50 15.90 450 540 166.00 522 989 315
1986 333~26 31,93 16.66 450 540 171.37 514 974 325
1987 349.26 33.46 17.46 450 540 177.00 507 960 335
1988 366.03 35.07 18.30 450 540 182.89 500 947 347
1989 383.59 36.75 19.18 450 540 189.07 493 934 358
1990 402.01 38.51 20 10 450 540 195.55 486 922 371
1991 421~30 40.36 21.07 450 540 202.34 480 910 383
1992 441.53 42.30 22.08 450 540 209.45 474 899 3~7
1993 462.72 44.33 23.14 450 540 216.90 469 888 411
1994 484.93 46.46 24.25 450 540 224.72 463 878 426
1995 508.21 48 •.69 25.41 450 540 232.91 458 868 441
1996 532.60 51.02 26.63. 400 450 241.33 453 859 457
1997 558.16 S;3.47 27.91 400 450 250.1.6 448 849 474
1998 584.96 56.04 29.25 400 450 259.42 443 840 492
1999 613.03 58.73 30.65 400 450 269.11 439 832 510
2000 642.46 61.55 32.12 400 450 279.28 435 824 529
2001 673.30 64.50 33.66 400 450 289.93 431 816 549
2002 705.62 67.60 35.28 400 450 301.09 427 809 571
2003 739.49 70.84 36.97 400 450 312.79 423 802 593

. 2004 774.98 74.24 38.75 400 450 325.05 419 795 616
2005 812.18 77.81 40.61 400 450 337.90 416 788 640



Table A-12

PG&E Conservation Power Plant study
CAe Analysis - Zone 5
Base Case Scenario

unit Agg
Total New Retire New Retire Total UEC Peak Peak
units units units UEC UEC Usage Stock Demand Demand

Year (1000) ( ) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 49.50 4.45 2.48 180 250 10.00 202 383 19
1986 51.58 4.66 20-58 180 250 10.19 198 375 19
1987 53.75 4.85 2@69 180 250 10.40 193 367 20
1988 56.00 5.06 2.80 180 250 10.61 189 359 20
1989 58.35 5.27 2.9.2 180 250 10.82 186 352 . 21
1990 60.81 5.49 3.04 180 250 11.05 182 344 21
1991 63.36 5.72 3.17 180 250 11.29 178 338 21
1992 66.02 5.96 3.30 180 250 11.54 175 331 22
1993 68.79 6.21 3.44 180 250 11.80 171 325 22
1994 71.68 6.47 3.58 180 250 12.07 168 319 23
1995 74.69 6.75 3.73 180 180 12.61 169 320 24
1996 77.83 7.03 3$89 140 180 12.89 166 314 24
1997 81.10 7.32 4.05 140 180 13.19 163 308 25
1998 84.51 7.63 4~23 140 180 13.50 160 ~03 26
1999 88.05 7.95 4.40 140 180 13.82 157 297 26
2000 91.75 8.29 4.59 140 180 14.15 154 292 27
2001 95.61 8.63 4.78 140 180 14.50 152 287 27
2002 99.62 9.00 4.98 140 180 14.86 149 283 28
2003 103.81 9.37 5.19 130 180 15.15 146 276 29
2004 108.17 9.77 5.41 130 180 15.44 143 271- 29
2005 112.71 10.18 5.64 130 180 15.75 140 26,5 30



Table A-13

PG&E Conservation Power Plant study
Electric Range Analysis
Base Case Scenario

unit Agg
SF Other Total New Retire New Re tire Total UEC Peak Peak

stock stock stock units units UEC UEC Usage stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 1455 743 2198 162 85 760 750 1595 729 234 512
1986 1501 770 2271 161 88 760 750 1651 727 233 530
1987 1550 798 2348 168 91 760 750 1711 729 234 549
1988 1593 825 2418 164 94 760 750 1765 730 234 566
1989 1632 849 2481 159 96 760 750 1814 731 235 582
1990 1674 875 2549 167 99 760 780 1863 731 235 598
1991 1717 901 2618 171 102 760 780 1914 731 235 614
1992 1766 931 2697 184 105 760 780 1972 731 235 633
1993 1811 960 2771 182 108 760 780 2026 731 235 650
1994 1862 991 , 2853 193 III 760 780 2086 731 235 669
1995 1914 1021 2935 196 114 760 780 2146 731 235 688
1996 1966 1054 3020 202 117 760 780 2208 731 235 708
1997 2023 1087 3110 211 121 760 780 2274 731 235· 730
1998 2080 1121 3201 215 124 760 780 2341 731 235 751
1999 2135 1155 3290 217 128 760 780 2406 731 235 772
2000 2195 1190 3385 22"7 132 760 780 2476 731 235 794
2001 2252 1228 3480 230 135 760 780 2545 731 235 816
2002 2317 1263 358-0 239 139 760 780 2618 731 235 840

.0 2003 2380 1298 3678 241 143 720 780 2680 729 234 860
2004 2446 1332 3778 247 147 680 780 2734 724 232 877
2005 2510 1367 38'77 250 151 650 780 2778 717 230 891



Table A-14

PG&E Conservation Power Plant Study
Electric othes Dryer Analysis
Base Case Scenario

Unit Agg
SF Total New Retire UEC UEC Total UEC Peak Peak

stock Stock Stock Units units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 1439 9 1728 120 " 67 808 932" 1503 870 155 267
1986 1478 302 1780 119 69 808 932 1535 862 153 273
1987 ~ 15 314 1828 117 71 808 932 1564 855 152 278
1988 1549 325 1874 117 73 808 932 1590 849 151 282
1989 1581 335 1916 115 75 308 932 1614 842 150 287
1990 1611 346 1957 116 76 808 932 1636 836 148 291
1991 1646 358 2004 123 78 808 932 1663 830 147 295
1992 1686 3 2056 130 80 808 932 1693 824 146 301
1993 1721 382 2103 127 82 80B 932 1720 818 145 305
1994 1762 397' 2159 138 84 a08 932 1753 812 144 311
1995 1801 408 2209 134 86 800 925 1781 806 143 316
1996 1846 422 2268 145 88 790 915 1814 800 142 322
1997 1889 436 2325 145 90 780 905 1846 794 141 328
1998 1932 451 2383 148 93 770 895 1877 788 140 333
1999 1978 468 2446 156 95 760 885 1911 781 139 339
2000 2022 481 2503 152 97 750 875 1940 775 138 345
2001 2067 496 2563 157 100 740 865 1970 769 137 350
2002 2116 510 2626 163 IO~ 730 855 2002 762 135 356
2003 2168 525 2693 169 105 720 845 2035 756 134' 361
2004 2217 539 2756 168 107 710 835 2065 749 133 367
2005 2266 553 2819 170 110 700 825 2093 743 132 372





APPENDIX B

WORKSHEETS FOR THE CURRENT TECHNOLOGY SCENARIO



Table a-I

PG&E Conservation Power Plant study
Standard Refrigerator Analysis
Current Technology Scenario

unit Agg
SF Other Total New Retire UEC UEC Total UEC Peak Peak

stock Stoc stock units units New Retire Usage stock Demand Demand
Year (lOOO) (1000) (lOOO) (1000) (10PO) (KWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 115 712 1427 63 53 550 830 1134 795 106 151
1986 717 721 1438 64 53 550 830 1125 783 104 150
1987 719 729 1448 63 53 500 830 1113 768 102 148
1988 721 7 1458 63 54 500 810 1101 755 101 147
1989 723 744 1467 63 54 450 810 1085 740 99 145
1990 725 7 1477 64 54 450 805 1070 725 97 143
1991 727 761 1488 65 55 450 800 1056 710 95 141
1992 731 771 1502 69 55 425 780 1042 694 92 139
1993 734 781 1515 68 56 425 780 1027 678 90 137
1994 738 792 1530 71 56 425 770 1014 663 88 135
1995 742 804 1546 72 57 425 760 1002 648 86 133
1996 747 817 1564 75 58 400 760 988 632 84 132
1997 752 830 1582 " 76 58 400 750 974 616 82 130
1998 -756 844 1600 76 59 400 740 961 601 80 128
19~.9 761 858 1619 78 60 400 730 949 586 78 126
2000' 766 872 1638 79 60 400 725 937 572 76 125
2001 770 884 1654 76 61 400 715 924 558 74 123
2002 776 894 1670 77 62 400 710 911 545 73 121
2003 781 904 1685 77 62 400 700 898 533 71 120
2004 787 914 1701 78 63 400 695 885 521 69 118
2005 792 924 1716 78 63 400 690 873 509 68 116



B-2

PG&E Conservation Power Plant study
Frost-Free Refrigerator Analysis
Current Technology Scenario

Unit Agg
SF Other Total New Retire UEC UEC Total UEC Peak Peak

stock stock stock Units units New Retire Usage stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 2089 678 2761 165 102 1127 1345 3567 1289 172 475
1986 2136 698 2834 169 104 1120 1345 3615 1276 170 482
1987 2183 719 2902 172 107 900 1345 3627 1250 166 483
1988 2228 739 .' 2967 172 109 900 1300 3639 1227 163 485
1989 2268 757 3025 167 11 750 1300 3620 1197 159 482
1990 2307 776 3083 169 114 750 1300 3599 1168 156 480
1991 2351 795 3146 177 116 750 1300 3581 1138 152 477
1992 2399 817 3216 186 118 650 1260 3553 1105 147 473
1993 2448 839 3287 189 121 650 1250 3525 1072 143 470
1994 2496 861 3357 191 124 650 1250 3494 1041 139 465
1995 2550 883 3433 200 126 650 1240 3467 1010 135 462
1996 2604 908 3512 205 129 600 1240 3430 977 130 457
1997 2662 932 3594 211 132 600 1230 3394 944 · 126 452
1998 2717 957· 3674 212 135 600 1225 3356 913 122 447
1999 2773 982 3755 216 138 600 1215 3317 883 118 442
2000 2833 1008 3841 224 142 600 1210 3281 854 114 437
2001 2890 1035 3925 226 145 600 1205 3242 826 110 432
2002 2952 1061 4013 233 148 600 1'190 3205 799 106 427
2003 3014 10B5 4099 234 151 600 \1180 3167 773 103 422
2004 3080 1111 4191 243 154 600 1170 3133 747 100 417
2005 3143 1136 4279 242 158 600 1165 3094 723 96 412



Table B-3

PG&E Conservation Power Plant Study
Standard Freezer Analysis
Current Technology Scenario

Unit Agg
SF Other Total New <Retire UEC UEC Total UEC Peak Peak

stock stock stock units Units New Retire Usage stock Demand Demand
Year (1000) (1000) (1000) (IOOO) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 691 158 849 45 28 750 910 688 810 107 91
1986 705 162 867 46 29 720 905 695 801 106 92
1987 719 166 885 47 29 650 905 699 789 104 92
1988 732 170 902 46 30 650 900 702 778 102 92
1989 744 174 918 46 31 550 900 700 762 100 92
1990 756 177 933 46 31 550 895 697 747 98 92
1991 768 181 949 47 32 500 880 693 730 96 91
1992 783 186 969 52 32 450 875 688 710 93 91
1993 797 190 987 50 33 450 870 682 691 91 90
1994 812 194 1006 52 34 450 865 676 672 89 89
1995 828 199 1027 55 34 450 860 671 653 86 88
19"96 845 205 1050 57 35 400 ,855 664 632 83 87
1997 862 210 1072 57 36 400 850 656 612 81 86
1998 879 216 1095 59 36 400 845 649 593 78 86
1999 896 221 1117 58 37 400 840 641 574 7·6 84
2000 913 227 1140 60 38 400 835 634 556 73 83
2001 930 232 1162 60 39 400 830 625 538 71 82
2002 949 237 1186 63 40 400 825 618 521 69 81
2003 968 242 1210 64 40 400 820 610 504 66 80
2004 988 246 1234 64 41 400 ' 810 603 488 64 79
2005 1007 251 1258 65 42 400 800 595 473 62 78



Table B-4

PG&E Conservation Power Plant study
Frost-Free Freezer Analysis
Current Technology Scenario

unit Agg
SF other Total New Retire UEC UEC Total UEC Peak Peak

stock stock Stock units units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 0 56 326 18 11 1137 1900 582 1785 235 77
1986 276 58 334 19 11 1137 1890 582 1743 230 77
1987 281 59 340 17 11 1050 1880 579 1703 224 76
1988 286 61 347 18 12 1050 1870 577 1662 219 76
1989 291 62 353 18 12 950 1860 571 1619 213 75
1990 295 63 358 17 12 950 1850 565 1579 208 74
1991 300 65 365 19 12 950 1840 561 1537 202 74
199,2 306 66 372 19 12 820 1830 554 1489 196 73
1993 312 68 380 20 13 820 1820 548 1441 190 72
1994 317 69 386 19 13 820 1810 540 1398 184 71
1995 324 71 395 22 13 820 1800 534 1351 178 70
1996 330 73 403 21 13 750 1780 526 1305 172 69
1997 337 75 412 22 14 750 1760 518 1258 166 68
1998 343 77 420 22 14 750 1740 510 1215 160 67
1999 350 79 429 23 14 750 1720 503 1173 154 66
200.0 357 81 438 23 15 750 1700 496 1132 1'49 65
2001 . 364 82 446 23 15 750 1680 488 1093 14'4 64
200'2 371 84 455 24 15 750 1660 480 1056 139 63
2003 378 86 464 24 15 750 1640 473 1020 134 62
2004 386 87 473 24 16 750 : 1620 466 985 130 61
2005 393 89 482 25 16 750 1600 459 952 125 60



Table B-5

PG&E Conservation pow~r Plant study
Electric Water Heater Analysis
Single Family Housing
Current Technology Scenario

unit Agg
SF New Retire UEC UEC Total UEC Peak Peak

stock Units Units New Retire Usag'e stock Demand Demand
Year (1000) (1000)· (1000) (kWh) (~Wh) (GWh) (kWh) (watts) · (MW)

1985 300 32 18 4030 4400 1320 4400 544 163
19~6 315 33 18 3290 4400 1349 4262 529 167
1987 329 33 19 1790 4400 1324 4024 497 164
1988 344 35 20 1790 4300 1300 3780 467 161
1989 357 34 21 1790 4300 1271 3561 440 157
1990 370 35 22 1790 4300 1241 3353 414 153
1991 384 36 22 1640 4200 1206 3141 388 149
1992 399 38 23 1640 4200 1171 2935 363 145
1993 415 40 24 1640 4200 1135 2736 338 140
1994 430 40 25 1640 4100 1098 2554 316 136
1995 447 43 26 1490 3500 1071 2396 296 132
1996 464 44 27 1490 3000 1056 2275 281 131
1991 485 49 28 1490 2500 1058 2182 270 131
1998 503 41 29 1490 2000 1070 2128 263· 132
1999 522 49 30 1490 1790 1089 2087 258 135
2000 538 47 31 1490 1790 1104 2052 254 136
2001 558 53 33 1490 1790 1124 2014 249 139
2002 578 54 34 1490 1790 1144 1978 245 141
2003 600 57 35 1490 1640 1171 1952 241 145
2004 621 57 36 1490 1640 1.197 1927 238 148
200.~ 643 60 38 1490 1640 1224 1904 235 151



Table 3-6

PG&E Conservation Power piant study
Electric Water Heater Analysis

Iti-Family and Mobile Housing
Current Technology Scenario

unit Agg
SF New Retire UEC UEC Total UEC Peak Peak

stock Units units New Retire Usage stock Demand Demand
Year (1000) ( 00) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 105 32 6 2500 3000 294 2800 346 36
1986 112 14 7 2420 3000 307 2742 339 38
1987 118 13 7 2420 3000 318 2692 333 39
1988 124 13 7 2420 3000 328 2645 327 41
1989 129 13 8 2420 3000 336 2603 322 42
1990 134 13 8 2020 3000 338 2524 312 42
1991 140 14 8 2020 2900 343 2451 303 42
19'~2 146 15 9 2020 2800 349 2388 295 43
1993 152 15 9 2020 2800 354 2328 288 44
1994 160 17 9 2020 2700 364 2273 281 45
1995 167 17 10 1540 2650 364 2177 269 45
1996 175 18 1540 2600 365 2086 258 45
1997 183 19 11 1540 2500 367 2006 248 45
1998 191 19 11 1540 2420 370 1935 239· 46
1999 200 21 12 1540 2420 373 1866 231 46
2000 208 20 12 1540 2420 375 1802 223 46
2001 . 216 21 13 1540 2420 376 1741 215 47
2002 221 18 13 1540 2020 . 378 1709 211 47
2003 229 21 13 1540 2020 384 1675 207 47
2004 236 21' 14 1540 2020 .388 1643 203 48
2005 243 21 14 1540 2020 392 1612 199 48



Table B-7

PG&E Conservation Power Plant study
Lighting Analysis
Current Technology Scenario

unit Agg
SF Other Total UEC Total Peak Peak

stock stock stock Stock Usage Demand Demand
Year (1000) (1000) (1000) (kWh) (GWh) (watts) (MW)

1985 2288 1309 3597 1000 3597 64 230
1986 2335 1342 3677 1000 3677 64 235
1987 2381 1375 3756 944 3546 60 227
1988 2424 1406 3830 944 3616 60 232
1989 2462 1434 3896 858 3343 55 214
1990 2502 1464 3966 858 3403 55 218
1991 2544 1494 4038 858 3465 55 222
1992 2593 1529 4122 757 3120 48 200
1993 2640 1564 4204 757 3182 48 204
1994 2690 1600 4290 757 3248 48 208
1995 2742 1638 4380 757 3316 48 212
1996 2797 1678 1475 610 2730 39 175
1997 2853 1719 4572 610 2789 39 179
1998 2909 1761 4670 610· 2849 39 -182
1999 2966 1802 4768 610 2909 39 186
2000 3023 1845 4868 610 2969 39 190
2001 3091 1888 4969 610' 3031 39 194
2002 3143 1927 5070 610 3093 39 198
2003 3207 1965 5172 610 3155 39 202
2004 3270 2004 5274 610 ,3217 39 206
2005 3333 2043 5376 610: 3279 39 210



Table B-8

PG&E Conservation Power ant study
CAe ~nalysis - Zone 1
Current Technology Scenario

Base CT unit Agg
Total New Retire New New New UEC Total UEC Peak Peak
units units units UEC UEC UEC Retire Usage stock Demand Demand

Year (1000) (1000) ( 00) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 41.80 5.35 2.09 840 1.000 840 900 32.50 778 147-3 62
1986 45.40 5.87 2.27 840 0.767 644 900 34.24 754 1429 65
1987 49.00 6.05 2.45 840 0.767 644 900 35.93 733 1390 68
1988 52.60 6.23 2.63 840 0.688 578 900 37.17 707 1339 70
1989 56.20 6.41 2.81 840 0.688 578 900 38.34 682 1293 73
1990

-.
59.80 6.59 2.99 840 0.688 578 900 39.46 660 1250 75

1991 63.40 6.77 3.17 840 0.688 578 900 40.52 639 1211 77
1992 67.00 6.95 3.35 840 0.624 524 900 41.15 614 1164 78
1993 70.60 7.13 3@53 840 0.624 524 900 41.71 591 1119 79
1994 74.20 7.31 3.71 840 0.624 524, 850 42.38 571 1082 80
1995 77.80 7.49 3@89 840 0.624 524 850 43.00 553 1047 81
1996 81.40 7.67 4.07 750 0.624 468 850 43.13 530 1004 82
1997 85.00 7.85 4.25 750 0.608 456. 800 43.31 510 966 82
1998 88.60 8.03 4.43 750 0.608 456 800 43.43 490 929 82
1999 92.20 8.21 4.61 750 0.608 456., 700 43.95 477 9-'03 83
2000 95.80 8.39 4.79 700 0.608 426 700 44.17 461 -874 84
2001 99.40 8.57 4.97 700 0.608 426 650 44.58 449 850 84
2002 103.00 8.75 5.15 700 0.60B 426 600 45.22 439 832 86
2003 106.60 8.93 5.33 650 0.608 395 600 45.55 427 810 86
2004 110.20 9.11 51 650 0.608 395 550 46.12 418 793 87
2005 · 113.80 9.29 5.69 650 0.608 395. 550 46.66 410 777 88



Table B-9

PG&E Conservation Power ant study
CAe Analysis - Zone 2
Current Technology Scenario

Base CT unit Agg
Total New Retire New New New UEC 'l'otal UEC Peak Peak
units units units UEC UEC UEC Retire Usage stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 162.40 17.00 8.12 950 1.000 950 1000 147.00 905 1715 279
1986 171.40 17.57 8.57 950 0.739 702 1000 150.77 880 1667 286
1987 180.40 18.02 9.02 950 0.739 702 1000 154.40 856 1622 293
1988 189.40 18.47 9.47 950 0.640 608 1000 156.16 824 1562 296
1989 198.40 18.92 9.92 950 0.640 608 1000 157.74 795 1507 299
1990 207.40 19.37 10.37 950 0.640 608 1000 159.15 767 1454 302
1991 216.40 19.82 10.82 950 0.6'40 608 1000 160.38 741 1404 304
1992 225.40 20.27 11.27 950 0.539 512 1000 159.49 708 1341 302
1993 234.40 20.72 11.72 950 oIt 539 512 950 158.96 678 1285 301
1994 243.40 21.17 12.17 950 0.539 512 950 158.24 650 1232 300
1995 252.40 21.62 12.62 950 0.539 512 900 157.95 626 1186 299
1996 263.40 24.17 1,3.17 750 n.539 404 900 155.87 592 1121 ,295
1997 274.40 24.72 13.72 750 0.485 364 850 153.20 558 1058 290
1998 285.40 25.27 14.27 750 0.485 364 800 150.98 529 1002 286
1999 296.40 25.82 14@82 750 0.485 364 800 148.51 501 949 281
2000 307.40 26.37 15.37 700 0.485 340 750 145.94 475 ,,900 277
2001 318.40 26.92 15.92 70-0 0.485 340 750 143.15 450 852 271
2002 329.40 21.47 16.47 700 0.485 340 700 140.95 428 811 267
2003 340.40 28.02 17.02 650 0.485 315 700 137.87 405 767 261
2004 353.00 30.25 17.65 650 0.485 315 600 136.81 388 734 259
2005 365.00 30.25 18.25 650 0.485 315 600 135.38 371 703 257



Table B..... IO

PG&E Conservation Power Plant Study
CAe Analysis - Zone 3
Current Technology Scenario

Base CT unit Agg
Total New Retire New New New UEe Total UEC Peak Peak
units units units UEC UEC UEC Retire Usage stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 361.00 31.20 18.05 1400 1.000 1400 1800 523.00 1449 2745 991
1986 374.72 32.45 18074 1400 0.739 1035 1800 522.85 1395 2644 991
1987 388.96 33.69 19.45 1400 0.739 1035 1800 522.70 1344 2547 991
1988 403.74 34.97 20.19 1400 0.640 896 1700 519.71 1287 2439 985
1989 419 .. 08 3'6.30 2,0·95 1400 0.640 896 1700 516.61 1233 2336 979
1990 435.00 37.68 21.75 1400 0.640 896 1700 513.39 1180 2236 973
1991 451.53 39.11 22.58 1400 0.640 896 1700 510.05 1130 2141 967
1992 468.69 40.59 23.43 1400 0.539 755 1700 500.84 1069 2025 949
1993 486.50 42.14 24.33 1400 0.539 755 1600 493.72 1015 1923 936
1994 504.99 43.74 25.25 1400 0.539 755 1600 486.32 963 1825 922
1995 524.18 45.40 26.21 1400 0.539 755 1500 481.27 918 1740 912
1996 544.10 47.12 27.20 1200 0.539 647 1400 473.66 871 1650 898
1997 564.77 48.91 28.24 1200 0.485 582 1300 465.42 824 1562 882
1998 586.24 50.77 29.31 1200 0.485 582 1200 459.80 784 1486 871
1999 608.51 52.70 30.43 1200 0.485 582 1100 457.00 751 1423 .866
2000 631.64' 54.71 31.58 1200 0.485 582 1050 455.68 721 1367 863
2001 655.64 56.78 32.78 1200 0.485 582, 1050 454.30 693 1313 861
2002 680.55 58.94 34.03 1200 0.485 582 1050 452.88 665 1261 858
2003 . 706.41 61.18 35.32 1200 0.485 582 900 456.70 647 1225 865
2004 733.26 63.51 36.66 1100 0.485 534 900 457.58 624 1183 867
2005 761.12 65.92 38.06 1100 0.485 534 900 458.50 602 1142 869



Table B-II

PG&E Conservation Power Plant study
CAe Analysis - Zone 4
Current Technology Scenario·

Base CT Unit Agg
Total New Retire New New New Retire Total UEC Peak Peak
units units units UEC UEC UEC UEC Usage Stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 318.00 30.50 15.90 450 1.000 450 540 166.00 522 989 315
1986 333.26 31.93 16.66 450 0.767 345 540 168.02 504 955 318
1987 349.26 33.46 17.46 450 0.767 345 540 170.14 487 923 322
1988 366.03 35.07 18.30 450 0.688 310 540 171.11 467 886 324
1989 383.59 36.75 ·'19.18 450 0.688 310 540 172.13 449 850 326
1990 402.01 38.51 20.10 450 Oe688 310 540 173.20 431 816 328
1991 421.30 40.36 21.07 450 0.688 310 540 174.32 414 784 330
1992 441.53 42.30 22.08 450 0.624 281 540 174.28 395 748 330
1993 462.72 44.33 23.14 450 0.624 281 540 174.23 377 714 330
1994 484.93 46.46 24.25 450 0.624 281 540 174.19 359 681 330
1995 508.21 48.69 25.41 450 0.624 281 540 174.14 343 649 330
1996' 532.60 51.02 26.63 400 0.624 250 450 174.89 328 622 331
1997 558.16 53.47 27.91 400 0.608 243 450 175.33 314 595 332
1998 584.96 56.04 29.25 400 0.608 243 450 175.80 301 · 570 333
1999 613.03 58.73 30.65 400 0.608 243- 450 176.29 288 545 334
2000 642.46 61.55 32.12 400 0.608 243 450 176.81 275 521 335
2001 673.30 64.50 33.66 400 0.608 243 350 180.71 268 509 342
2002 705.62 67.60 35.28 400 0.608 243 350 184.80 262 496 350
2003 739.49 70.84 36.97 400 0.608 243 300 190.94 258 489 362
2004. 774.98 74.24 38.75 400 0.608 243 300 197.37 255 483 374
2005 812.19 77.81 40.61 400 0.608 243 300 204.11 251 . 476 387



Table B-12

PG&E Conservation Power ant study
CAe Analysis - Zone 5
Cu~~ent Technology Scenario

Base CT ' unit Agg
Total New Retire New New New Retire Total UEC Peak Peak
units units units UEC UEC UEC UEe Usage stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 49.50 4.45 2.48 180 1.000 180 250 10.00 202 383 19
1986 51.58 4.66 2.58 180 0.767 138 250 10.00 194 367 19
1987 53.15 ' 4.85 2.69 180 0.767 138 250 10.00 186 352 19
1988 56.00 5.06 2.80 180 0.68a 124 250 9.92 177 336 19
1989 58.35 5.27 2.92 180 0.688 124 250 9.85 169 320 19
1990 60.Bl 5.49 3.04 180 0.688 124 250 9.77 161 304 19
1991 63.36 5.72 3 17 180 0.688 124 250 9.68 153 290 18
1992 66.02 5.96 3.30 180 0.624 112 250 9.53 144 273 18
1993 68.79 6.21 3.44 180 0.624 112 220 9.47 138 261 18
1994 ·7 68 6.47 3.58 180 0.624 112 200 9.48 132 251 18
1995 74.69 6.75 3~7J 180 0.624 112 190 9.53 128 242 18
1996 77.83 7.03 3.89 140 0.624 87 180 .9.44 121 23'0 18
1997· 81.10 7.32 4.05 140 0.608 85 175 9.35 115 219 18
1998 84.51 7.63 4.23' 140 0.608 85 170 9.29 110 208 18
1999 88.05 7.95 4.40 140 0.608 85 160 9.26 105 199 18
2000 91.75 8.29 4.59 140 0.608 85. 150 9.27 101 192 18
2001 95.61 8.63 4.78 140 0.608 85 140 9.34 98 185 18
2002 99.62 9.• 00 4.98 140 0.608 85 140 9.41 94 179 18
2003 103.81 9.37 5.19 130 0.608 79 130 9.47 91 173 18
2004 108.17 9.77 5.41 130 0.608 79 120 9.60 89 168 18
2005 112.71 10.18 . 5.64 130 0.608 79 120 9.73 86 164 18



Table a-13

PG&E Conservation Power Plant study
Electric Range Analysis
Current Technology Scenario

unit Agg
SF Other Total New Retire New Retire Total UEC Peak Peak

stock stock stock Units units UEC UEC Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 1455 743 2198 162 85 760 750 1595 729 234 512
1986 1501 770 . 2271 161 88 760 750 1651 727 233 530
1987 1550 798 2348 168 91 760 750 1711 729 234 549
1988 1593 825 2418 164 94 760 750 1765 730 234 566
1989 1632 849 2481 159 96 760 750 1814 731 235 582
1990 1674 875 2549 167 99 760 780 1863 731 235 598
1991 1717 901 2618 171 102 760 780 1914 731 235 614
1992 1766 931 2697 184 105 760 780 1972 731 235 633
1993 1811 960 2771 182 108 760 780 2026 731 235 650
1994 1862 991 2853 193 III 760 780 2086 731 235 669
1995 1914 1021 2935 196 114 760 780 2146 731 235 688
1996 1966 1054 3020 202 117 760 780 2208 731 235 708
1997 2023 10B7 3110 211 121 760 780 2274 731 235 730
1998 20BO 1121 3201 215 124 760 780 2341 731 235 751
1999 2135 1155 3290 217 128 760 780 2406 731 235 772
2000 2195 1190 3385 227 132 760 780 2476 731 235 794
2001 2252 1228 3480 230 135 760 780 2545 731 235 816
2002 2317 1263 3~80 239 139 760 ·780 2618 731 235 840
2003 2380 1298 3678 241 143 720 '780 2680 729 234 860
2004 2446 1332 3778 247 147 680 780 2734 724 232 877
2005 2510 1367 3877 250 151 650 780 2778 717 230 891



Table B-14

PG&E Conservation Power Plant study
ectric Clothes Dryer Analysis

Current Technology Scenario

uni t Agg
SF Other Total New Retire UEC UEC Total UEC Peak Peak

stock stock stock units units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 1439 289 1728 120 67 808 932 1503 870 155 267
1986 1478 302 1780 119 69 808 932 1535 862 153 273
1987 151~4 314 1828 117 71 808 932 1564 855 152 278
1988 1549 325 1874 117 73 808 932 1590 849 151 282
1989 1581 335 1916 115 75 B08 932 1614 842 150 287
1990 1611 346 1957 116 76 808 932 1636 836 148 291
1991 1646 358 2004 123 78 808 932 1663 830 147 295
1992 1686 370 2056 130 80 808 932 1693 824 146 30.1
1993 1721 382 2103 127 82 808 932 1720 818 145 305
1994 1762 397 2159 138 84 808 932 1753 812 144 311
1995 1801 408 2209 134 86 800 925 1781 ' 806 143 316
1996 1846 422 2268 145 88 790 915 1814 800 142 322
1997 1889 436 2325 145 90 780 905 1846 794 141 328
1998 1932 451 2383 148 93 770 895 1877 788 140 333
1999 1978 468 2446 156 95 760 885 1911 781 139 339
2000 2022 481 2503 152 97 750 875 1940 775 138 345
2001 2067 496 2563 157 100 740 865 1970 769 137 350
2002 2116 510 2626 163 102 730 855 2002 762 135 356
2003 2168 525 2693 169 105 720 845 2035 756 134 361
2004 2217 539 2756 168 107 710 835 2065 749 133 367
2005 2266 553 2819 170 110 700 825 2093 743 132 372





C-2

PG&E Conservation Power Plant study
Frost-Free Refrigerator Analysis
Technical potential Scenario

unit Agg
SF Other Total New Retire UEC VEe Total UEC Peak Peak

Stock stock stock units units New Retire Usage Stock Demand Demand
Year (1000) ( 00) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 2089 678 2767 165 102 1127 1345 3567 1289 172 475
1986 2136 698 2834 169 104 900 1345 3578 1263 168 477
1987 2183 7 2902 172 107 900 1345 3590 1237 165 478
1988 2228 739 2967 172 109 900 1300 3602 1214 162 480
1989 2268 157 3025 167 III 675 1300 3570 1180 157 476
1990 2307 776 3083 169 114 675 1300 3537 1147 153 471
1991 2351 795 3146 177 116 675 1300 3506 1114 148 467
1992 2399 817 3216 186 118 530 1260 3455 1074 143 460
1993 2448 839 3287 189 121 530 1250 3404 1036 138 453
1994 2496 861 3357 191 124 530 1250 3351 998 133 446
19~5 2550 883 3433 200 126 530 1240 3300 961 128 440
1996 2604 908 ,3512 205 129 420 1240 3225 918 122 430
1997 2662 932 3594 211 132 420 1230 3151 877 117 420
1998 2717 957 3674 212 135 420 1225 3075 837 e III 410
1999 2773 982 3755 216 138 420 1215 2997 798 106 399
2000 2833 1008 3841 224 142 4'20 1210 2920 760 101 389
2001 2890 1035 3925 226 145 280 1205 2809 716 ~5 374
2002 2952 1061 4013 233 148 280 1190 2699, 672 90 360
2003 3014 1085 4099 234 151 280 1160 2589 632 '84 345
2004 3080 1111, 4191 243 154 280 ·1130 2482 592 79 331
20~O5 3143 1136 4279 242 158 280 1100 2377 555 74 317



Table C-3

PG&E Conservation Power Plant study
Standard Freezer Analysis
Technical Potential Scenario

Unit Agg
SF - Other: Total New Retire UEC UEC Total UEC Peak Peak

stock stock stock Units units New Retire Usage stock Demand Demand
Year (1000) (1000) (1000) (1000) (IOOO) (kWh) (kWh) (GWh) (ktlh) (watts) (MW)

1985 691 158 849 45 28 750 910 688 810 107 91
1986 705 162 867 46 29 720 905 695 801 106 92
1987 719 166 885 47 29 650 905 699 789 104 92
1988 732 1 902 46 30 650 900 702 778 102 92
1989 744 174 918 46 31 425 900 694 756 100 91
1990 756 177 933 46 31 425 895 685 735 97 90
1991 768 181 949 47 32 425 880 678 714 94 89
1992 783 ].86 969 52 32 272 875 663 685 90 87
1993 797 190 987 50 33 272 870 648 657 87 85
1994 812 194 1006 52 34 272 865 634 630 83 83
199.5 828 199 1027 55 34 272 860 619 603 79 82
1996 845 205 1050 -57 35 190 855 600 571 75 79
1997 862 210 1072 57 36 190 850 580 541 71 76
1998 879 216 1095 59 36 190 845 561 512 67 74
1999 896 221 1117 58 37 190 840 540 484 64 71
2000 913 227 1140 60 38 190 835 520 456 60 69
2001 930 232 1162 60 39 190 830 499 430 57 66
2002 949 237 -. 1186 63 40 190 825 479 404 53 63
2003 968 242 1210 64 40 190 820 458 378 50 60
2004 988 246 1234 64 41 190 · 810 437 354 47 58
2005 1007 251 1258" 65 42 190 800 415 330 44 55



Table C-6

PG&E Conservation Power Plant study
Electric Water Heater Analysis
Multi-Family and Mobile Housing
Technical Potential Scenario

Unit Agg
SF New Retire UEC UEC Total UEC Peak Peak

stock Units units New Retire Usage stock Delnand Demand
Year (lOOO) (1000) ( 00) (kWh) (kWh) (GWh) (kWh) (watts)' (MW)

1985 105 32 6 2500 3000 294 2800 346 36
1986 112 14 7 2270 3000 305 2724 337 38
1987 118 13 7 2270 3000 314 2659 329 39
f9.aS 124 7 2270 3000 322 2597 321 40
19·89 129 13 8 2270 3000 328 2542 314 41
1990 134 13 8 1810 3000 328 2445 302 41
1991 140 14 8 1810 2900 330 2354 291 41
1992 146 15 9 1810 2800 332 2274 281 41
1993 152 15 9 1810 2700 335 2204 272 41
1994 160 17 9 1810 2600 342 2138 264 42
1995 167 17 10 1290 2500 339 2032 251 42
1996 175 18 10 1290 2400 338 1933 239 42
1997 183 19 11 1290 2300 338 1846 228 42
1998 191 19' 11 1290 2270 337 1766 218, 42
1999 200 21 12 . 1290 2270 337 1687 209 42
2000 208 20 12 1290 2270 336 1615 200 42
2001 216 21 13 1290 2270 334 1546 191 41
2002 221 18 13 1290 1810 334 1510 187 41
2003 229 21 13 1290 1810 337 1472 182 42
2004 236 21 14 1290 1810 339 1436 178 42
2005 243 21 14 1290 1810 341 1401 173 42



C-7

PG&E Conservation Power Plant study
Lighting Analysis
Technical Potential Scenario

unit Agg
SF Other Total UEC Total Peak Peak

stock stock stock Stock Usage Demand Demand
Year (lOOP) (1000) (1000) (kWh) (GWh) (watts) (MW)

1985 2288 1309 3597 1000 3597 64 230
1986 2335 1342 3677 1000 3677 64 235
1987 2381 1375 3756 944 3546 60 227
1988 2424 1406 3830 944 3616 60 232
1989 2462 1434 3896 837 3261 54 209
1990 2502 1464 3966 837 3320 54 213
1991 2544 1494 4038 837 3380 54 216
1992 2593 1529 4122 712 2935 46 188
1993 2640 1564 4204 712 2993 46 192
1994 2690 1600 4290 712 3054 46 196
1995 2742 1638- 4380 712 3119 46 200
1996 2797 1678 4475 520 2327 33 149
1997 2853 1719 4572 520 2377 33 152
1998 2909 1761 4670 520 2428 33 156
1999 2966 1802 4768 520 2479 33 '159
2000 3023 1845 4868 520 2531 33 162
2001 3081 1888 4969 520 2584 33 165
2002 3143 1927 5070 520 2636 33 199
2003 3207 1965 5172 520 2689 33 172

. 2004 3270 2004 5274 520 2742 33 176
2005 3333 2043 5376 520 , 2796 33 179



Table C-8

PG&E Conservation Power Plant study
CAe Analysis - Zone 1

nical Potential Scenario

Base TP unit Agg
Total New Retire New New New UEC Total UEC Peak Peak
units units units UEC UEC UEC Retire Usage Stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 41.80 5.35 2.09 840 1.000 840 900 32.50 778 1473 62
1986 45.40 5.87 2.27 840 0.767 644 900 34.24 754 1429 65
1987 49.00 6.05 2$45 840 0.767 644 900 35.93 733 1390 68
1988 52.60 6.23 2.63 840 0.624 524 900 36.83 700 1327 70
1989 . 56 It 20 6.41 2.81 840 0.624 524 900 37 e 66· 670 1270 71
1990 59.80 6.59 2.99 840 0.624 524 900 38.42 643 1218 73
1991 63.40 6.77 3.17 840 0.624 524 900 39.12 617 1169 74
1992 67.00 6.95 3.35 840 0.559 470 900 39.37 588 1113 75
1993 70.60 7.13 3.53 840 0.559 470 900 39.54 560 1061 75
1994 -74" 20 7.31 3@71 840 0.559 470 850 39.82 537 1017 75
1995 77.80 7.49 3.89 840 0.559 470 850 40.03 515 975 76
1996 81.40 7.67 4,07 750 0.559 419 850 39.79 489 926 75
1997 85.00 7.85 4@25 750 0.486 364 BOO 39.25 462 875 74
1998 88.60 8.03 4.43 750. 0.486 364 800 38,,63 436 826 73
1999 92.20 8.21 4.61 750 0.486 364 700 38.39 416 789 73
2000 95.80 8.39 4.79 700 0.486 340 700 37.90 396 750 72
2001 99.40 8.57 4.97 700 0.486 340 600 37.83 381 721 72
2002 103.00 8.75 5.15 700 0.486 340 550 37.97 369 699 72
2003 106.60 8.93 5.33 650 0.486 316 550 37.86 355 673 72
2004 110.20 9.11 5.51 650 0.486 - 316 500 37.99 345 653 72
2005 113.80 9.29 5.69 650 0.486 316 500 38.08 335 634 72



Table C-9

PG&E Conservation Power Plant Study
CAe Analysis - Zone 2

ical Poten al Scenario

Base TP unit Agg
Total New Retire New New New UEC Total UEC Peak Peak
units units units UEC UEC UEC Retire Usage stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

198·5 162.40 17·.00 8.12 950 1.000 950 1000 147.00 905 1715 279
1986 171.40 17.57 8.57 950 0.710 674 1000 150.28 877 1661 285
1987 180.40 18.02 9.02 950 0.710 674 1000 153.42 850 1612 291
1988 189.40 18.47 9.47 950 0.404 384 1000 151.03 797 1511 286
1989 198.40 18.92 9.92 950 0.404 384 1000 148.38 748 1417 281
1990 207.40 19.37 10.37 950 0.404 384 1000 145.44 701 1329 276
1991 216.40 19.82 10.82 950 0.404 384 1000 142.23 657 1245 270
1992 225.40 20.27 11.27 950 0.208 198 1000 134.96 599 1135 256
1993 234.40 20.72 11.72 950 0.208 198 950 127.92 546 1034 242
1994 243.40 21.17 12.17 950 0.208 198 950 120.54 495 938 228
1995 252.40 21.62 12.62 950 0.208 198 900 113.46 450 852 215'.
1996 263~40 24.17 13.17 750 0.208 156 900 105.38 400 758 200
1997 -274.40 24.72 13.72 750 0.157 lIB 850 96.62 352 667 183
1998 285.40 25.27 14.27 750 0.157 118 800 88.18 309 586 167
1999 296.40 25.82 14.·82 750 0.157 118 800 79.37 268 507 150
2000 307.40 26.37 15.37 700 0.157 110 700 71.51 233 441 136
2001 318.40 26.92 15.,92 700 0.157 110 700 63.32 199 377 120
2002 329.40 27.47 16.47 700 0.157 110 700 54.81 166 315 104
2003 340.40 28.02 17 •. 02 650 0.157 102 350 51.71 152 288 98
2004 353.00 30.25 17.65 650 0.157 102 350, 48.62 138 261 92
2005 365.00 30.25 18.25 650 0.157 102 350 45.32 124 235 86

"



Table C-IO

PG&E Conservation Power Plant study
CAe Analysis - Zone 3
Tecilni cal Potent i al Scenar i 0

Base TP unit Agg
Total New Retire New New New UEC Total UEC Peak Peak
units units units UEC UEC UEC Retire Usage Stock Demand Demand

Year (1000) (1000) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 361.00 31.20 18e05 1400 1.000 1400 1800 523.00 1449 2745 991
1986 374.72 32.45 18.74 1400 0.710 994 1800 521.53 1392 2637 988
1987 388.96 33.69 19.45 1400 0.710 994 1800 520.01 1337 2533 985
1988 403.74 34.97 20.19 1400 0.404 566- 1700 505.47 1252 2372 958
1989 419.08 36.30 20.95 1400 0.404 566 1700 490.38 1170 2217 929
1990 435.00 37.68 21.75 1400 0.404 566 1700 474.71 1091 2068 900
1991 451.53 39.11 22.58 1400 0.404 566 1700 458.45 1015 1924 869
1992 468.69 40.59 23.43 1400 0.208 291 1700 430.43 918 1740 816
1993 486.50 42.14 24.33 1400 00208 291 1600 403.78 830 1573 765
1994 504.99 43.74 25.25 1400 0.208 291 1600 376.12 745 1411 713
1995 524.18 45.40 26.21 1400 0.208 291 1500 350.03 668 1265 663
1996 544.10 47.12 27.20 1200 0.208 250 1400 323.70 595 1127 613
1997' 564.77 48.91 28.24 1200 0.157 188 1200 299.03 529 1003 567
1998 586.24 50.77 29.31 1200 0.157 188 1100 276.35 471 893 524
1999 608.51 52.70 30.43 1200 0.157 188 1000 255.86 420 797 485
2000 631.64 54.71 31.58 1200 0.157 188 900 237.74 376 713 451
2001 655.64 56.78 32.78 1200 0.157 188 900 218.93 334 633 415
2002 680.55 58.94 34.03 1200 0.157 188 900 199.41 293 555 378
2003 706.41 61.18 35.32 1200 0.157 188 600 189.75 269 509 360
2004 733.26 63.51 36.66 1100 0.157 173 600 178.72 244 462 339
2005 761.12 65.92 38.06 1100 0.157 173 600 167.27 220 416 317



Table C-ll

PG&E Conservation Power Plant study
CAe Analysis - Zone 4
Technical Potential Scenario

Base TP unit Agg
·Total New Retire New New New Retire Total UEC Peak Peak
units units units UEC UEC UEC UEC Usage Stock Demand Demand

Year ( lOtlO.) (,1000 ) (1000) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 318.00 30.50 15.90 450 1.000 450 540 166.00 522 989 315
1986 333.26 31.93 16.66 450 0.767 345 540 168.02 504 955 318
1987 349.26 33.46 17.46 450 0.767 345 540 170.14 487 923 322
1988 366.03 35.07 18.30 450 0.624 281 540 170.10 465 881 322
1989 383.59 36.75 19.18 450 0.624 281 540 170.07 443 840 322
1990 402.01 38.51 20.10 450 0.624 281 540 170.03 423 801 322
1991 421.30 40.36 21.07 450 0.624 281 540 169.98 403 765 322
1992 441.53 42.30 22.08 450 0.559 252 540 168.70 382 724 320
1993 462.72 44.33 23.14 450 0.559 252 540 167.36 362 685 317
1994 484.93 46.46 24.25 450 0.559 252 540 165.95 342 649 314
1995 508.21 48.69 25.41 450 0.559 252 540 164.48 324 613 312
1996 532.60 51.02 26.63 400 0.559 224 450 163.91 308 583 311
1997 558.16 53.47 27.91 400 08486 194 450 161.74 290 °549 306
1998 584.96 56.04 29.25 400 0.486 194 450 159.47 273 517 302
1999 613.03 58.73 30.65 400 0.486 194 450 157.10 256 48.6 298
2000 642.46 61.55 32.12 400 0.486 194 450 154.61 241 456 293
2001 673.30 64.50 33.66 400 0.486 194 350 155.36 231 437 294
2002 705.62 67.60 35.28 400 0.48'6 194 350 156.16 221 419 296
2003 739.49 70.84 36.97 400 0.486 194 30.0 158.84 215 407 301
2004 774.98 74.24 38.75 400 0.486 194 275 162.61 210 398 308
2005 812.18 77.81 40.61 400 0.486 194 250 167.59 206 391 318



C-12

PG&E Conservation Power Plant study
CAe Analysis - Zone 5

nical Potential Scenario

Base TP unit Agg
Total New Retire New New New Retire Total UEC Peak Peak
units units units UEC UEC UEC UEC Usage .stock Delnand Demand

Year (1000) (1000) (1900) (kWh) factor (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 49.50 4.45 2.48 180 1.000 180 250 10.00 202 383 19
1986 51.58 4.66 2 $ 58 180 0.767 138 250 10.00 194 367 19
1987 53.75 4.85 2.69 180 0.767 138 250 10.00 186 352 19
1988 56.00 5.06 2.'80 180 0.624 112 250 9.86 176 334 19
1989 58.35 5.27 2.92 180 0.624 112 250 9$73 167 316 18
1990 60.81 5.49 3.04 IHO 0.624 112 250 9.58 158 299 18
1991 .' 63.36 5.72 3.17 180 0.624 112 250 9.43 149 282 18
1992 66.02 5.96 3.30 180 0.559 101 250 9.21 139 264 17
1993 68.79 6.21 3.44 180 0.559 101 220 9.08 132 250 17
1994 71.68 6.47 3. 58 180 0.559 101 200 9.01 126 238 17
1995 74.69 6.75 3.73 180 0.559 101 190 8.98 120 228 17
1996 77.83 7.03 3.89 140 0.559 78 180 . 8.83 113 215 17
1997 81.10 7.32 4.05 140 0.486 68 175 8.62 106 201 16
1998 84.51 7.63 4.23 140 0.486 68 170 8.42 100 189 16
1999 88.05 7.95 4.40 140 0.486 68 160 8.26 94 178 16
2000 91.75 8.29 4.59 140 0.486 68 150 8.,13 89 168 15
2001 95.61 8.63 4.78 140 0.486 68 140 8.05 84 160 15
2002 99.62 9.00 4.98 140 0.486 68 140 7.97 80 152 1 C·

-)

2003 103.81 9.37 5.19 130 0.486 63 110 7.99 77 146 15
2004 108.17 9.77 5.41 130 0.486 63 110 8.01 74 140 15
2005 112.71 10.18 5.64 130 0.486 63 110 8.03 71 135 15



Table C-13

PG&E Conservation Power Plant Study
Electric Range Analysis
Technical potential Scenario

unit Agg
SF Other Total New Retire New' Retire Total UEC Peak Peak

stock Stock stock Units Units UEC UEC Usage stock Delnand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh) (kWh) (GWh) (kWh) (watts) (MW)

1985 1455 743 2198 162 85 760 750 1595 729 234 512
1986 1501 770 2271 161 88 760 750 1651 727 233 530
1987 1550 798' 2348 168 91 684 750 1698 723 232 545
1988 1593 825 2418 164 94 684 750 1740 719 231 558
1989 1632 849 2481 159 96 596 750 1762 710 228 565
1990 1674 875 2549 167 99 596 780 1785 700 225 572
1991 1717 901 2618 171 102 596 780 1807 690 221 580
1992 1766 931 2697 184 105 508 780 1819 674 216 583
1993 1811 960 2771 182 108 508 780 1827 659 211 586
1994 1862 991 2853 193 111 508 780 1838 644 207 590
1995 1914 1021 2935 196 114 508 780 1849 630 202 593
1996 1966 1054 3020 202 117 508 780 1860 616 198 597
1997 2023 1087 3110 211 121 508 780 1873 602 193 601
1998 2080 1121 3201 215 124 508 780 1885 589 189 605
1999 2135 1155 3290 217 128 508 780 1896 576 185 608
2000 2195 1190 3385 227 132 508 780 1908 564 181 612
2001 2252 1228 3480 230 135 508 780 1920 552 177 ·616
2002 2317 1263 3580 239 139 508 760 1935 541 173 621
2003 2380 1298 3678 241 143 508 760 1949 530 170 625
2004 2446 1332 3778 247 147 508 730 1967 521 167 631
2005 2510 1367 3877 250 151 508 700 1989 513 165 638



Table C-14

PG&E Conservation Power Plant Study
ectric Clothes Dryer Analysis

Technical Potential Scenario

Unit Agg
other Total New Retire UEC UEC Total UEC Peak Peak

Stock Stock stock Units Units New Retire Usage Stock Demand Demand
Year (1000) (1000) (1000) (1000) (1000) (kWh ), (kWh) (GWh) (kWh) (watts) (MW)

1985 1439 289 1728 120 67 808 932 1503 870 155 267
1986 1478 302 1780 119 69 808 932 1535 862 153 273
1987 1514 314 1828 117 11 808 932 1564 855 152 278
1988 1549 325 1874 117 '13 526 932 1557 831 148 277
1989 1581 335 1916 115 75 526 932 1548 B08 144 275
1990 1611 346 1951 116 76 526 932 1538 786 140 273
1991 1646 358 2004 123 78 526 932 1530 764 136 272
1992 1686 370 2056 130 80 425 932 1511 735 131 268
1993 1721 382 2103 127 82 425 932 1499 708 126 264
1994 1762 391 2159 138 84 425 932 1469 680 121 261
1995 1801 408 2209 134 86 425 925 1446 655 116 257
1996 1846 422 2268 145 a8 364 915 1418 625 III 252
1997 1889 436 2325 145 90 364 905 1389 598 106 247
1998 1932 451 2383 148 93 364 895 1361 571 .101 242
1999 1978 468 2446 156 95 364 885 1333 545 97 237
2000 2022 481 2503 152 97 364 875 1303 521 92 231
2001, 2067 496 2563 157 100 364 855 1275 498 88 227
2002 2116 510 2626 163 102 364 835 1249 476 85 222
2003 . 2168 525 2693 169 105 364 815 1225 455 81 218
2004 2217 539 2756 168 101 364 ,795 1201 436 77 213
2005 2266 553 2819 170 110 364 775 1178 418 74 209.




