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Projected National Economic and Energy Savings from Water Heater
Efficiency Standardsin the U.S.

ABSTRACT

In April 2000, the U.S. Depatment of Energy (DOE) proposed an amended energy efficiency
standard for resdential water heaters. This paper presents an andyss of economic and energy savings
which were used to determine the proposdl.

Cumuldive energy savings over the period from 2003 to 2030 is forecast by calculating nationa
water heater consumptionfor severa trid standard leves in comparisonto the base case forecast. Thekey
component to this caculaionisadetalled projection of water heater shipments and remaining stock. The
shipments mode takes as input basdine efficiencies and equipment costs corresponding to a series of
design options. It calculates the average unit energy consumptionbased on efficiency market shares with
and without standards. 1t then uses gppliance lifetimes and an accounting of stock by vintage to determine
whenolder, lessefficdent water heaterswill be retired and replaced by new onesthat conformto standards.
In addition, it tracks units shipped to newly constructed housing. The outputs of the shipments mode are
energy consumption and equipment cost for each year in the forecast period.

Using the output of the shipments modd, the Nationd Energy Savings (NES) modd determines
the total source energy savings and net present value (NPV) of each trial standard level. Net savingsfor
eachyear arethedifferencebetweentotal operating cost savings and total equipment cost increases. Future
savings are discounted to the present.

The proposed standard is expected to save 4.8 EJ (exgoules) of primary energy between 2003
and 2030. Financid benefits to consumers are estimated to be $3.3 hillion during thistime.

INTRODUCTION

This paper describesanandyds performed by Lawrence Berkeley Nationd L aboratory on behaf
of the U.S. Depatment of Energy to forecast nationa economic and energy savings arisng from water
heater efficiency standards. We consder severd trid standard levels based on currently available energy
efident desgns. For each, we caculate Nationad Energy Savings (NES), which forecasts cumulative
primary energy savings through the year 2030. A cogt-benefit andyss on the scae of the nation isthen
performed. Rdative cost and benefit isformulated in terms of net operaing cost savings less equipment
cost increases.

Appliance efficiency standards raise the minimum alowable efficiency of new units. Inthe case of



water heaters, minimum efficiency is expressed as the energy factor (EF), which is the ratio of heet
delivered as hot water to the amount of fud energy consumed by the appliance. There are avariety of
currently available technologies that improve EF, specific to fuel class. The classes considered for
dandards are: dectric, gas (natura gas or LPG) and ail.

Assessment of potentia energy savings begins withan investigationof currently available efficiency
technologies. Section 2 discusses the efficiency improvement achieved by selected features, and the cost
toimplement each. DOE then sdlected a seriesof trid standard levels by rasng minmum efficiency leves
in correspondence with these features. The effects of rasng minimum efficiency on stock energy
consumption are forecast with a detailed shipments modd, which is the subject of Section 3. Finadly,
Section 4 describes the NES and finandid cost-benefit caculations based on output from the shipments
modd.

EFFICIENCY AND EQUIPMENT COST

The efficiency improvement and cost increase associated with each technology form the basis of
a forecast of nationa energy impacts. Standard scenarios are formulated by modding the water heater
market with various minimum efficdencies

Once these minimum efficiencies are determined, and the resulting market shares are constructed,
total nationa energy impacts canbe determined. Average unit energy consumption (UEC) and equipment
prices are cdculated by taking into account the full variability of water heater energy consumption in U.S.
households, including the effects of variations in hot water usage patterns. We include an estimate of the
gpread of efficiencies after the standard is prescribed.

The various efficiencyimprovement technol ogiesfor water heaterswere andyzed usng information
from computer smulations, manufacturers, utility and industry consultants. Design features were andyzed
for energy consumption and feashility to manufacture, inddl and mantain on a large scale. The direct
inputs to NES are efficiency improvement and incremental cost of each fegture,

We andyzed ahypothetica design congsting of each efficiency technology added to awater heater
of typica vdume and basdine effidency. The energy factor of each case is evaduated by computer
smulations (Hiller, Lowengteinet d. 1992, Paul, Whitacre et d. 1993) and verified usngindustry estimates
(Gas Appliance Manufacturers Association 1998).

Inaddition, we estimate the cost of improved efficency, i.e. the additiond expense to manufacturers
to indude a particular feature. Incremental costs were based on estimates by an industry consultant
(Minniear 1997), and calculaions of incrementa materia and labor costs.



Base Case Scenario and Trial Standards

Once efficiency and cost resultsfor each efficiency leve are determined, individua design options
are combined into sets of design options. Thisisdone by sequentidly adding design optionsto the basdine
water heater in order of increasing payback.

DOE was presented with a series of design options for each of the three mgjor classes of water

heeters. From thisligt, four sets of design option combinations are chosen, each forming atria standard
leve that gppliesto dl fuels. Minimum EF for typica volume water hegters are shown in Table 1.

Tablel. Minimum Efficienciesof Trial Standard Leves

Minimum EF for Typical Volume Water Heaters

Electric Natural Gas, LPG oil
Base Case 0.86 0.53 0.53
Tria Standard Level 1 0.89 0.59 0.53
Tria Standard Level 2 0.90 0.60 0.53
Tria Standard Level 3 0.91 0.59 0.53
Trid Standard Leve 4 0.92 0.71 0.61

The standard levels are ordered by increasing energy savings. Thefirgt saves the least amount of
energy but requires smal additiona costs, while the fourth represents the maximum energy efficiency
possible with current technology.

The nationd energy savings andysis compares projections of the base case withthose under each
trid sandard level. Since standards raise the basdline efficiency, they have no effect on the portion of the
market dready held by high-efficiency units. We assume that no improvements will occur inthe absence
of anew standard. The base case is therefore a forecast with current market shares continuing into the
future,

Though a precise description of the water heater market is not available, low-efficiency units are
believed to dominate. We define “low-efficiency” unitsas the current basdine and unitswiththe next most
cogt-effective efficiency festure onthe market. Thesetwo modds are assumed to evenly share 80% of the
market for eectric and ail units, 70% for natural gas and LPG units. Thedigribution of theremaining small
share hdd by higher efficiency units is based on an estimate of the current market share of efficient
technologies (Minniear 1997).



Eachtrid standard leve transfers market share of low efficiency unitsto the new basdine. Market
shares of designs that exceed the new basdine do not change. Therefore, the more stringent the tria
standardlevd, the morethe new basdine is expected to dominate the market. Thisdetermination of market
shares, dong with shipment projections, forms the basis for energy savings projections.

National Average Unit Energy Consumption and Equipment Cost

Caculation of nationa energy savings depends on how improved efficiency leves will effect energy
consumptionof alargeand varied population of water heaters. Consumer equipment expenditures depend
on how manufacturer coststrandateinto increased retail equipment costs. A detailled MonteCarloanalyss
is used to moddl these effects.

Vaiability in UEC of awater heater depends on household hot water usage and temperatures.
Usage varies Sgnificantly depending on parameters such as the number of household members, presence
of adishwasher and/or a clothes washer and water heater thermostat setting. Many of these parameters
are given for a large sample of U.S. households as part of the Energy Information Adminigtration's
Residential Ener gy Consumption Survey (U.S. Department of Energy 1995). Usng informationfromthis
survey, average hot water usewas cal culated for each sample household (Ladd and Harrison1985). The
corresponding annud household energy consumptionwas calculated fromannud draw volume, dong with
tank thermodtat sdtting, air temperatures and efficiency parameters. Mean efficiency parameters were
determined from computer smulaions. A distribution was then generated by combining the mean with
expected variahility, as esimated by an industry consultant (Minniear 1997).

To indude the full variability of retail equipment prices, we compiled a sample of current retall
prices of basdine unitsin adatabase. Price data was gathered by directly contacting over 130 retailers
throughout the United States. Over 1100 modds are included in the tabulation of consumer price,
ingalation fees and warranty costs. The retall price data were used to determine a range of markups
above manufacturer costs (U.S. Department of Energy 1999a).

Unit energy consumption for the base case and trial standard levels are the market weighted
average for dl design options. Results are shown in Table 2.



Table2. Average Annua Unit Energy Consumption and Equipment Cost from Monte Carlo

Analysis
Electric Natural Gas, LPG Oil

Design Option Equipment UEC Equipment UEC Equipment UEC
Cost ($) (GJ) Cost ($) (GJ) Cost ($) (GJ)

Base Case 403 124 463 231 1188 26.5
Trial Standard Level 1 411 12.3 496 214 1200 26.3
Trid Standard Level 2 437 121 514 213 1200 26.3
Trid Standard Level 3 455 12.0 496 214 1188 265
Trid Standard Level 4 565 11.8 900 17.1 1768 231

Retall equipment costs shown in Table 2 include ingdlation fees and sdes taxes taken from the
equipment pricedatabase. Trid standard level one produces amargina reduction in energy consumption
and raises equipment prices only dightly. By contradt, trid standard level four maximizes efficiency
improvement, at the cost of alarge price increase.

WATER HEATER SHIPMENTS FORECAST

Efficiency standards only affect water heaters shipped after theimplementationdate. It istherefore
necessary to forecast water heater shipmentsdue to inddlaions innew homes and replacements of retired
units. Theforecast tracks how many high efficiency unitsenter the stock and how many inefficient onesare
removed, fromwhichwe caculate average UEC and total stock size. Average UEC and stock szeyidd
total energy and operating cost savings. In addition, the shipments forecast estimates incrementd
equipment cost, that is, total consumer cost of water heaters shipped minus costs in the absence of
standards.

Replacements

We edimatethat as muchas 85% of water heater shipmentsare replacements. Theremainder are
new home inddlaions. Dueto therdatively low cost of ingtaling a new water heater, and the limited life
extension afforded by repair, repairs and the used water heater market are negligible. Therefore, the
forecast of water heater replacements is modeled by the number of unitsthat are retired inany givenyesr.

Water heater retirements are forecast by an accounting spreadsheet that keepstrack of the aging
and retiring stock throughout the forecast period. The number of water heaters entering the stock in the



past few decadesis provided by historica shipments data going back forty years. We modd retirement
probability with atriangular distribution based on published most likdy, minimum and maximum lifetimes
(Appliance Magazine1999). We forecast the composition of the stock ineachyear by keeping track of
unitsentering the stock (shipments), the age (vintage) of those unitsremaining from previous shipments, and
those which are retired.

New Construction

A smdler, but sgnificant number of new water heater shipments are made to new housing units
eachyear. Accordingtosurvey data(U.S. Department of Energy 1995), amost every home built between
1992 and 1993 contained awater heater fueled by one of the four mgor fud types. Inasmdl fraction of
unitsin mulitifamily buildings, however, water heaters are shared by more thanone household. Inthiscase,
the water heater islikely to be alarge capacity unit, not targeted by resdentid efficiency standards. A tota
of 96% of current new homes contain a water heater affected by standards. We assume this fraction
remains constant through the forecast period.

The mogt dgnificant factor in overal shipments to new housing is growth in housing congtruction,
which isrelated to national economic and population trends. Housing forecasts are provided by amulti-
sector partid equilibrium modd of the U.S. energy sector that has been developed over severa years by
DOE, and isreported in Annual Energy Outlook 1999(AE099) (U.S. Department of Energy 1998).

In addition to tota shipments to new congtruction, we modd shiftsin fuel type market share as a
result of cost shiftsimposed by standards. In principle, if dandardsaffect the different fud typesdifferently,
market share of one type will be favored at the expense of others. We modd market share response usng
agenerdized linear econometric modd. Market shifts are samdl, with less than a five percent shift for any
scenario.

PROJECTED NATIONAL ENERGY IMPACTS

The god of efficiency sandardsisto achieve the maximum energy savings that are economicaly
judtified. This section detallsthe calculation of energy savings and financia cost-benefit. According to the
standards framework, a scenario that incursa significant net financid cost to consumers should be rejected
by DOE. Assessment of energy consumption and financial costsis performed for the base case and trid
gandard levels defined in the previous section.



National Energy Savings

Tota nationd energy savings follow directly from the accounting of annual energy consumption. To
evauate the savings related to each tria standard leve, we aggregate energy consumptionfrom al classes
and take the difference from the base case. There are two energy quantitiesof interest. First, Site energy
isenergy consumed inthe home, inthe formof eectricity, natura gas, LPG or ail. Siteenergy consumption
isdirectly affected by efficiency standardsand directly related to consumer expenditures. Second, primary
energy isdl energy used by utilitiesin producing power for resdentid use, including energy lost during gas
transmisson and dectricity generation.

Primary Energy Savings. National energy consumption isthe average unit energy consumption
multiplied by the total number of unitsin the stock. Since energy consumption in each standard scenario
variesbetweenfud types, energy consumptionand savings are ca culated for each fud type separately and
then summed to arrive at total nationd energy.

According to the AEO99, forecasted domestic electricity in 2000 will be 53.3% cod, 14.7% gas,
2.9% petroleum, 17.7% nuclear and 11.3% renewable. Onaverage, ddivery of 1 kJof steeectricity will
require 3.19 kJof primary energy, including generation and tranamisson. The conversonfactor between
dte and primary energy is cadled the heat rate factor, and is provided for each year in the forecast.

For naturd gas water heaters, site and primary energy consumption differ by a smaller amount.
AEO99 edtimatesthat 8.9% of naturd gas produced at the wellhead islost during transmisson. Therefore,
everyunit consumed inthe household correspondsto a primary energy consumptionof 1/(1-.089) =1.098
units. Since LPG and hesting oil are not piped to the household, we assume that there are no trangmission
losses, and the difference between Site and source energy arises only from the small amount of eectricity
consumed by some models.

To afar gpproximation primary energy savings associated with efficiency is smply the difference
between standard and base case primary energy consumption, as calculated by the average heet rate. In
cdculating energy savings, however, it is more accurate to use marginal heat rates. Margind hesat rates
account for the fact that, if demand for ectricity decreases, the power plants shutdown first will likely be
the most expensve to operate, usudly those burning natural gas. Since the natural gas hest rate is
somewhat lower than the average, marginal hest rates are somewhat lower than average rates. Primary
energy savingsis summearized in Table 3.



Table3. Primary Energy Savingsin 2010, 2020 and Total Forecast Period

Savingsin 2010 Savingsin 2020 Cumulative Savings
(Exgjoules) (Exgoules) 2003-2030 (Exgjoules)
Trid Standard Leve 1 0.09 0.15 34
Tria Standard Leve 2 0.12 0.19 4.3
Trid Standard Leve 3 0.13 0.21 4.8
Tria Standard Leve 4 0.35 0.57 13.1

A projection of primary energy savingsis dependent on assumptions of future economic growth,
particularly through housing projections. The economic modd developed by DOE (U.S. Department of
Energy 1998) assumes an annua growthrate of 2.1 percent. The model aso provides high (2.6 percent)
and low (1.5 percent) growth scenarios, which we use to estimate the variability in our forecast. Wefind
a5 1o 6 percent increase (decrease) in energy savingsin the high (low) growth scenario, compared tothe
reference case.

Consumer Cost-Benefit Analysis

Assessment of financia cod-benefit to consumers as aresult of sandardsis straightforward. The
financid benefit to consumers comes from lower energy bills. The cost comes from increased equipment
prices. Cumulative savings are considered for the period from 2003 to 2030.

Operating Cost Savings. The amount of money saved by consumers as a result of efficiency
gandardsiis caculated from Ste energy savings. Operating cost savingsisthe product of total Site energy
savings and fud price. Energy priceprojectionsaretaken fromAEO99. Operating cost savings, cdculated
for each year and fud type, isgiven by

AOC; , = Fuel Pricg , x AAEC; ,

where:
DOC; , = Energy cost savingsfor fud typen inyesr |.
Fuel Price;, = Margind fue pricefor fue typeninyearj.
DAEC; , = Annud dte energy savingsfor fud typeninyesr|.

In this equation, the margind price for each fud isused. Themargind price of afud is the cost to
the consumer of the last unit of energy used. Margind pricesdiffer fromaverage prices, whichare amply
the entire energy bill divided by energy consumption. Margina prices may be lower than average prices



that incdludefla charges not related to consumption. On the other hand, utilitiesmay charge apremiumrate
for energy use over abasdine, which would raise margind relative to average prices.

A study performed by LBNL (U.S. Department of Energy 1999b) based on a survey of ratepayer
hillsindicatesthat, onaverage, margind rates are lower than averagerates. The scaling factorsto convert
from average to margind rates are found to be0.93 for dectricity, and 0.88 for gas. No factor is applied
to LPG or ail since charges for these fuels do not include flat charges.

Incremental Equipment Costs. Equipment costsfor a given year equa average retail price plus
inddlation cost, multiplied by shipments for that year. Equipment cost savingsisthe difference between
standards and base case equipment cost for each year and class.

AECL” = ECj.n o ECOj,n = S,n Cn o Soj,nCon

where
EC, = Tota equipment cost in standards case
EC%, = Total equipment cost in base case
C, = Unit equipment cost in standards case
C°, = Unit equipment cost in base case
Sn = Annua shipmentsin standards case
. = Annua shipmentsin base case

for each fue typen and year .

Net Present Value
Weuse Net Present Vdue (NPV) to eva uatethe financid impacts of trid sandards. The net vaue
of efficency dandardsis operating cost savings less the penalty in increased equipment codts. Financid
impacts that are postponed are “ discounted”, that is weighted less than impacts occurring today.
Cumulative NPV is given by:
2030

NPV =Q & Discount Factor * (DOCjn - DEC; )
n  j=2003

The discount factor gpplied for year j isgiven by:



Discount Factor ; = (1+r) (10

where r is the discount rate and |, isthe present year. The andyds assumes ared discount rate of 7%.
The resulting NPV for eech trid standard isgiven in Table 4.

Table4. Net Present Valuein 2010, 2020 and Total Forecast Period

NPV in 2010 NPV in 2020 Cumulative NPV
(Billions $1998) (Billions $1998) 2003-2030 (Billions
$1998)
Trid Standard Levd 1 0.11 0.11 2.3
Trid Standard Leve 2 0.10 0.11 15
Trid Standard Levd 3 0.22 0.18 3.3
Trid Standard Leve 4 -0.64 -0.30 -17.4

AsshowninTable 4, only trid standard level 4 resultsinanet lossto consumers. Whilethisscenario
affords the grestest energy savings a 13.8 exgjoules, utility bill savings do not judtify the increase in retail
prices. Trid standard level 3 maximizes economic savings with acumulaive NPV of 3.3 billion dollars.
As inthe case of energy savings, variability is estimated in terms of economic growth. A range of annua
growth rate from 1.5 to 2.6 percent yields arange of 2.6 to 4.1 billion dollars for trid standard level 3.

CONCLUSIONS

According to the andlysis of energy savings and net financia impacts, DOE selected trid
dandard leve 3, Since it maximizes energy savings while dso providing a net financia benfit to
consumers. We expect that this standard will be practica to implement, since it incorporates design
features that are dready commercialy available. Furthermore, shipments of each class differ by only
about 1% from the base case. Therefore, DOE concluded that the standard will not have an adverse
effect on ether the eectric or gas utility customer base.

Over the next three decades, we estimate that the proposed standard will save between 4.5 and
5.0 exgjoules of primary energy, depending oneconomic growthrates. We expect that consumer energy
bill savings will far outweigh the cost of equipment priceincreasesfor thisstandard. Within the samerange
of economic growthrates, we expect anNPV of between 2.6 and 4.1 over the period from 2003 to 2030.
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