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ABSTRACT

Economic impactsonindividua consumersfrompossble revisonsto U.S. residentia-type centra
ar conditioner energy-efficiency standards are examined usng alife-cyde cost (L CC) anadysis LCC isthe
consumer’ scogt of purchasing and ingdling acentrd air conditioner and operating it over itslifetime This
approach makes it possible to evauate the economic impacts on individua consumers from the revised
gandards. The methodology alows an examination of groups of the popul ationwhichbenefit or losefrom
suggested efficiency standards. The results show that the economic benefits to consumers due to modest
increasesinefficiency are Sgnificant. For an efficiency increase of 20% over the exigting minimum standard
(i.e, 12 SEER), 35% of householdswithcentral ar conditioners experience sgnificant LCC savings, with
an average savings of $453, while 25% show significant LCC losses, with an average loss of $158. The
remainder of the population (40%) are largely unaffected.

PROBLEM

Policy decisons involve assessments of benefits and costs. However, questions suchaswhat level
of bendfit is Sgnificant and at what point do costs become important are not universally agreed upon. A
method to determine the benefitsand costs of one type of policy decison and ways to interpret the results
of the analys's are discussed in this paper.

This benefit and cost study grows out of work done for the U.S. Department of Energy (DOE).!
Federal law setsenergy conservation standards for various consumer products and directs DOE to create
or amend energy standards for mgjor household appliances. Any new or amended standard must achieve
the maximum improvement in energy efficiency thet is technologicaly feasble and economicaly judtified.
This study presents the overdl approach used in the LCC andysis and illustrates it with results for
residential-type split system central air conditioners.”

APPROACH: DETERMINING CONSUMER BENEFITSAND COSTS

Economic impactson individud consumersfrompaossible revisonsto U.S. residentia-type central
ar conditioner energy-efficiency standards are examined usng alife-cyde cost (L CC) andyss. LCCisthe
total cost a consumer pays during the lifetime of a centra ar conditioners, including purchase price and
operating expenses (which cover energy expenditures and any maintenance costs). Future operating
expenses are discounted to the time of purchase and summed over the central ar conditioner’ slifetime. The
effect of gandardsis a change in the operating expense (usudly decreased) and achange in the purchase
price (usualy increased). The net effect is andyzed by caculating the change in LCC as compared to the
base case. Inputs to the LCC caculaion include the ingaled consumer cost (purchase price plus

"Resi dential-typecentral air conditionersare air-cooled systems that are powered by single phase electric current and are
rated below 65,000 Btu/hr in cooling capacity. Split systems account for approximately 90% of central air conditioner shipments.
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ingtalation cost), operating expenses (energy and maintenance costs), lifetime of the gppliance, and a
discount rate.

LCC is defined by the following equetion:
LCC = EquipCost + NPV(D, 4 OprCost,e,, Lifetime)

EquipCost (Equipment Cos) isthe cost ($) of buying and ingtalling a centrd air conditioner. This
includes the cost of the centra ar conditioners plus sales tax, indalation charges, and, if the centra ar
conditioner is being replaced, charges to remove the old centrd air conditioner.

NPV (Net Present Vdue ($)) is the present value of afuture stream of expenditures or earnings
and is defined by the following equation:

Hs'm™OprCost
NPV= a —— =
year =1 (1+ Drate)

D, 4 (Discount rate (%)) is defined as the rate at whichfuture expendituresare discounted to establishther
present value. For this sudy, it is the consumer’ s interest rate minusinflation.

OprCost (Operating Cost) is defined as the annua expense to keep a central air conditioner
operating. It has three parts. energy, repair, and maintenance. Energy costs are caculated by multiplying
annud central ar conditioner energy use by the energy price paid by the household. Repair costsare costs
to the consumer for replacing or repairing components which have failed in the equipment. Maintenance
costs are the costs to the consumer of maintaining equipment operation such as checking and maintaining
refrigerant charge levels and cleaning heat exchanger coils.

Lifetimeisthe length of time the centrdl ar conditioner will provide sarvice.

At this point, the benefits and costs to the consumers can be defined as net changesin LCC when
comparing various design options to the basdine:

ALCC = LCCbase_ LCCdeSign

where LCC, refersto atypica future central air conditioner in the absence of new efficiency standards
and L CCeqqn isafuture higher efficiency unit, given standards.

If ALCC islessthanO, thenthereisanet cost to the consumer and if it is greater than O, it indicates
a benefit (net savings) to the consumer. Using this calculetion, it is possible to determine the fractions of
the population that benefit or are disadvantaged by efficiency standards.



Baseline and Efficiency Levels

Theoverdl andyds considersfour centra ar conditioner efficiencylevesbeyond thebasdinelevd.
Centrd air conditioners are rated with a seasonal energy efficiency ratio (SEER) which is the amount of
heat removed during a cooling season in Btu' s divided by the total eectrical energy input in watt-hours
during the same period. The basdine leve represents centra ar conditioners that just meet the existing
minmumefficiencystandard (10 SEER). Theefficiency levelsconsidered are 11, 12, and 13 SEER aswell
as amaximum technologicaly feasble efficiency leve of 18 SEER.

Key | nput Variables

Themgor input variables used in the central ar conditioner LCC andysis are equipment price,
energy consumption, energy price, discount rate, and central air conditioner lifetime. All of thesevariables
areexpressed as digtributions, whichrepresent arange of reported or expected vaues. Severa distribution
types are used inthisandysis. Triangular distributions are used when minimum, mogt-likely, and maximum
vaues are avalable. When only a mean and variance about a random variable are known, a normal
digribution is used to describe the varidble. When only minimum and maximum are known, a uniform
digribution is used. Custom digtributions are used when series of actua data were known. With the
exception of equipment prices, dl of the above input variables are characterized with custom digtributions
derived from actua data. Equipment prices are derived from a variety of input varigbles that are
characterized with ether sngle-point vaues (for estimates of manufacturing costs) or different types of
digributions (e.g., norma digtributions for distributor and dealer markups, a uniform digtribution for the
builder markup, and custom distributions for the manufacturer markup and sales taxes).

Although only residentia-type centrd air conditioners are considered in this analys's, asignificant
percentage of these sysems are used in smdl commercid buildings. Asaresult, the andyss takes into
account equipment use in commercid buildings based on the assumption that 10 percent of equipment
goplications are in these building types.

For eguipment used inresidentia buildings, some of the input variables are obtained from DOE's
Energy Information Adminidration (EIA) Residential Energy Consumption Survey (RECS) for 1997,
which contains data from a representative sample of U.S. residentid households? For commercid
buildings, a representative building sample was developed based on assumptions consstent with the
process to update ASHRAE Standard 90.1, Energy Efficient Design of New Buildings Except Low-
RiseResidential Buildings.® Inupdating ASHRAE 90.1, 77 nationally representative commercia buildings
(conggting of seven different commercid building types in eeven different regions of the country) were
developed. The weighting given to each building (i.e., the percentage each building represents of the
commercid building stock) were based on data from the 1992 and 1995 Commercia Building Energy
Consumption Survey (CBECS).*®



Equipment Price

The bads for developing consumer equipment prices reied on a reverse engineering andyss
conducted by Arthur D. Little (ADL) to estimate the manufacturing costs associ ated withthe basdine and
various higher efficiency levels. Manufacturing costs were converted to consumer equipment prices by
agoplyingaseriesof markupsand saestaxes. Themarkupsincluded thosefor the manufacturer, distributor,
dedler/contractor, and, for equipment purchased for new construction, the builder.

For residentid-typesalit systemcentra ar conditioners, thereverseenginegringandyds established
an average basdine manufacturing cost of $394. Through the use of manufacturer cost multipliers (i.e,
multiplicative vaues to convert the basdiine manufacturing cost into manufacturing costs for the various
efficiency levels), most-likely manufacturing costs of $441, $505, $568, and $784 were established for
effidency levds of 11, 12, 13, and 18 SEER, respectively. After goplication of the markups and sdes
taxes, the above mogt-likely manufacturing costs were converted into average consumer equipment prices
of $957 for the basdline level and $1,048, $1,170, $1,292, and $1,711 for the 11, 12, 13, and 18 SEER
efficency levels

Energy Consumption

For purposes of determining residential energy consumption, the RECS data set was utilized.
RECS provides a sample of 5,900 households from the population of dl primary, occupied residentia
housng units in the U.S. Of these, 1,218 household records were used in the anays's, representing
23,420,428 actua households. Each householdrecord explicitly providestheenergy consumption required
to space-cool the home. An additional 308 household records representing 6,271,340 households with
centra air-conditioning heat pumps were andyzed in a pardld study, reported e sewhere.

The energy consumption associated with each of the 77 commercid buildings were determined
through computer smulationmodding conducted by Pecific Northwest National Laboratory (PNNL) usng
the Building L oadsand Systems Thermodynamics(BLAST) smulaiontool.® The procedure for caculaing
space-cooling energy consumption relied on the determination of full-load equivdent operating hours
(FLEOH) for each of the 77 buildings. Once the FLEOHSs were determined, the corresponding annual
energy consumption was established using the calculation procedure specified in the Department of
Energy’ s (DOE) test procedure for determining annua energy use assuming a cooling capacity of 36,000
Btuhr.

Marginal Energy Prices

Margina energy prices are those prices consumers pay (or save) for the last unit of energy used
(or saved). Residentia consumer margind dectricity prices for this andysis were estimated directly from
household data in the 1997 RECS public use data survey as the change in household monthly energy hill
divided by the change in monthly energy consumption. This provides amargina energy price rate based
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onactua household bills. LBNL caculated the dope of the regressionline for four summer months (June-
September) and, separatdy, for the eight winter (October-May) months. The annua margina priceisthe
weighted average of the two seasonal prices, where the weighting used the relative energy consumption in
each season.’” The weighting of the seasonal prices were based on smulated cooling and heating loads
which were afunction of the household' s age and geographic location.

Commercid dectricity prices were estimated by matching each commercid building's smulated
ar-conditioning load and demand to actua modeled commercid tariffs. Customer energy bills were then
cdculated for the building. The energy hill (in dollars) was divided by the energy consumption (in kWh)
to come up with an average dectricity price (in $¥kWh). In the case of developing margind eectricity
prices, energy hills were caculated for boththe basdine case (i.e., 10 SEER) and astandards case. The
difference in the energy hills (in dollars)was divided by the usage difference (inkWh) to give a“margind”
rate of $¥kWh for the increment of space-cooling energy saved.

Future Energy Prices

Future dectricity costs will vary from building to building. Two primary factors contribute to this
variaion. One is the exiding varigbility in energy prices, which depend on the rate schedule of the local
utility and the consumption pattern of the particular household. The other is the uncertainty of future energy
prices, which isfurther complicated by the current restructuring of the eectric supply industry.

Price trends from EIA's Annual Energy Outlook 2000 (AEO2000) were used to scale the
distributionof margind energy pricesfor futureyears.? Giventhe uncertainty of projections of future energy
prices, the LCC andyds used a scenario approach to examine the robustness of proposed energy-
efficiency slandards under different energy price conditions. The AEO2000 Reference Case providesthe
base scenario. For the high and low energy price scenarios, other scenarios from AEO2000 were used.

Discount Rate

A didribution of discount rates represents the variability in finendng methods consumers use in
purchasing appliances. Consumers purchase centra air conditioners through severa finance methods.

For equipment financed through the purchase of a new home, asecond mortgage, or ahomeequity
line of credit, the interest rate associ ated with the finance method is used to establishthe discount rate. But
for equipment purchased to replace old or failed equipment where cash or some form of credit is used to
finance the acquigtion, the discount rate is based on how the purchase affects a consumer’s overall
household financid stuation. For example, even though the purchase might be financed through a dedler
loanor some other short-termfinancing vehicle, the more probabl e effect of the purchase isto either cause
the consumer to incur additiona credit card debt or forego investment insome type of savings-related asset.
As indicated by the Air Conditioning, Hesating, and Refrigeration News, 34% of central ar conditioner
shipmentswent to new homes.® The 1998 Survey of Consumer Finances (SCF) was used to establishthe
finance methods associated withthe remaining 66% of shipments.'® The 1998 SCF indicated that 21% of
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shipments are purchased through second mortgages, 2% with credit cards, and 43% through finance
methods that eventually are drawn from some type of financid asset (i.e., savings/checking accounts,
certificates of deposit, savings bonds, bonds, mutua funds, or stocks).

Lifetime

Central ar conditioner lifeime was based on a 1986 survey performed for the Electric Power
ResearchInditute of 2,184 heat pump inddlationsina seven-date regionof the United States. Thesurvey
indicated that ar conditioners can last up to 24 years with an average lifetime of 18.4 years. For this
andyds, a retirement function developed from the heat pump survey was used to represent equipment
lifetime™*

The heat pump survey aso indicated that essentidly dl heat pump owners replace their origina
compressor once in the lifetime of sysem. Thus, in accordance with the survey data, it was assumed the
compressor was replaced inthe 14" year of the system’ s life. Because more efficient systems tend to use
more efficient and, thus, more expensive compressors, the compressor replacement cost was assumed to
increase as system efficiency increases.

Uncertainty and Variability

To account for uncertainty and varigbility, the LCC modd was developed usng a spreadsheet
combined with acommerciadly available software that provides risk analyss capabilities. The moded uses
a Monte Carlo smulation to account for uncertainty and variability of input values. The model accepts
ranges (distributions of values) asinput for each variable and performs the cd culations thousands of times
to determine adistribution of the outputs. This distribution reflects the probability of the vaues that would
occur.

When making observations of past events or peculating about the future, imperfect
knowledge—uncertainty—is the rulerather thanthe exception. For example, the energy actualy consumed
by a central ar conditioner has seldom been directly recorded. Rather, energy consumption is usualy
esimated based on information from industry and government sources. Even direct laboratory
measurements have some margin of error. When estimating numerica vaues expected for quantities at
some future date, the exact outcome is rarely known in advance.

Variability means that different applications or Stuations produce different numerica vauesfor a
quantity. Specifying a vdue for a quantity may be made even more difficult if the value depends on a
number of other factors. For example, the energy consumed to air condition a household dependsonthe
household characterigtics (e.g., building shell characteristics and occupant behavior) and geographic
locetion (i.e., climate). Surveyscanbe hdpful here, and andlyss of surveys canreaethe varidble of interest
(e.g., energy required to air condition) to other variables that are better known or easier to forecast (e.g.,
occupant behavior and climate).



L CC Spreadshest

The LCC andyss uses a spreadsheet-based calculation methodology. A weghted random
selectionof RECS householdswithcentra ar conditionersand the 77 representative commercid buildings
is sampled 10,000 times.

The spreadsheet contains several worksheets for caculating the LCC. The primary worksheet
dlowsthe user to interact directly withthe spreadsheet to specify the efficiency level to andlyze, the energy
price projection, and the Sart yeer (i.e, the effective date) of the tandard. The primary worksheet dso
summarizes the selections for the primary inputs to the spreadsheet (e.g., energy price, lifetime, discount
rate, equipment price) and providesthe LCC and payback period for the current sample (i.e, building)
being andyzed. It isfrom the primary worksheet where the user initiates the Monte Carlo smulation for
conducting the LCC andyds on the 10,000 sampled buildings. There are nine other worksheets which
contain the input data necessary to cdculate the LCC. Complete ingructions on how to use the
spreadsheet are found on an “ingructions’ worksheet within the spreadsheet. The spreadsheet can be
downloaded from the U.S. Depatment of Energy’s web dite pertaining to resdentid centrd air
conditioners.

RESULTS

To evduate the economic impact on consumers, an LCC analysis was conducted for each of four
efficiency levels (i.e, 11, 12, 13, and 18 SEER). This includes an estimation of the percent of the
population that would redize reduced L CC from each efficiency levd.

Theresults are presented in Table 1 and Figure 1. Table 1 ligts the portion of the population that
has any savings or cods, in terms of life-cycle codt, from each efficiency level. For each efficiency levd,
the table shows the average and maximum possible savings for thet fraction of the population benefitting;
it dso shows the average and maximum costs for the disadvantaged fractionof the populaion. Themiddle
row lists the percent of the population encountering inggnificant (up to 2%) savings or cogt.

Figure 1 presents a summary of the life-cycle cost information by percent of the population
experiencing net savings or costs. Each bar refers to a specific efficiency level. The bar’ sheight above the
zero horizontd axis shows the percentage of households that have alife-cycle savings. Conversdy, the
portion of the bar below the 0 % horizonta axis show the percentage of households that have alife-cycle
net cost. The bars show a greater fraction of the population having netsavings for the firgt two efficiency
levels(i.e, 11 and 12 SEER). Asthe efficiency levels increase in energy efficiency and cost, the energy
savings are not suffident to offset the higher initid costs and the net effect is a reduction in the percent of
households benfitting. The positive and negative portions of the bars are shaded to show three ranges.
sgnificant savings, sgnificant costs, and no Sgnificant impact. The average basdine life-cycle cogt is
included as a reference point to indicate the magnitude of the estimated savings or costs.



DISCUSSION OF RESULTS

Table 1 and Figure 1 show the overdl digtribution of LCC net costs and savings for central ar
conditionerswithdifferent efficiency levels. Table 2 summarizes, interms of net costs/savings, the affect on
consumers of the 12 SEER efficiency levd. It shows the percent of the total population which would
experience net costs (49.3%) and thosewithsavings (50.7%) and compares them to the percent who will
experiencenet costs/savingslarger than 2% (24.6% and 34.8%, respectively) of the average basdine LCC
($5,170). The vauesin parentheses indicate the actua dollar amounts of the thresholds.

For this designoption, the analysis predi ctsthat 49% of consumerswould experience some net cost
with the more efficient centrd air conditioner. However, it is reasonable to assume thet there are LCC
costsor savings so smdl that consumers would be unable to distinguishthemintheir annua expenses. Flus
or minus 2% of average basdine LCC is chosen as the band of no consumer impact.! Removing this
segment of the population makes it possible to clearly show the significant net savings and net costs
associated with any design option. This dlows for amore informed weighting of benefits and burdens on
consumers.

Table1 Per cent of Population Having Net Savingsor Costsfor Central AC
Efficiency Level
Population 11 SEER 12 SEER 13 SEER 18 SEER
% of sample 28% 35% 34% 25%
Significant .

Savings A\{erage Savl ngs $305 $453 $589 $1045
Maximum Savings $2060 $4382 $4372 $9321
Isrz?:gsl?tcw % of sample 70% 40% 27% %
% of sample 2% 25% 39% 68%
Significant Cost Average Cost $118 $158 $217 $584
Maximum Cost $168 $344 $530 $1840
Total (100%) Average Savings $75 $113 $113 -$137
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Figure 1l Percent of Sample With Net Savings or Costsfor Central Air Conditioners

Table?2 Per cent of Population Having Net Cost/Saving
> 2% ($103) > 0% ($0)
Net Cost 24.6% 49.3%
Net Savings 34.8% 50.7%

To illugtrate the +2% assumption, consider the average basdine LCC for central air conditioners
of $5,170; 2% of average basdine LCC equals $103. Over the averagelife of 18.4 yearsfor acentrd ar
conditioner this amounts to less than $6 per year. Obvioudy, thisis suchasmdl amount interms of yearly
expenditures that it will not impact consumers pocketbooks nor ther purchase decisions about centrd air
conditioners. This leaves, therefore, only 24.6% of consumers, who will sustain any sgnificant net costs
in the case of the 12 SEER €fficiency leve.

The resultsfor the 11 and 12 SEER efficiency levels show that a smdl portion of the population
will experience a sgnificant cost. The Stuation is different for the 13 SEER and 18 SEER efficiency levels,
for which 54% and 69% of consumers, respectively, have anet cost.



CONCLUSIONS

This LCC andytic approach makes it possible to evauate the economic impacts on individua
consumers of revised U.S. resdentia centra air conditioner energy-efficiency standards. The method
permitsan examinationof groupsof the population to determine how many may experience net savings (or
costs) from possible efficiency standards.

The sample shows that the economic benefits to consumers are significant. For the 12 SEER
efficency leve consdered above, the average LCC savings for the 35% of consumers with significant
savings is $453 while the 25% of consumers experiencing sgnificant net costs redize average increased
costs of $158. The results for hest pumps, which are not discussed in this paper, show an greater
magnitude of savings. In many cases, the benefits to the society in energy savings greetly outweigh the
encountered costs.

Based on this analyss, the Department of Energy chose a 12 SEER efficiency leved for the
proposed rule for new efficiency standards for centra air conditioners.'?
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