PNL-10629
DISCLAIMER UC-350

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights, Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
. manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

Cost Effectiveness of the
1993 Model Energy Code
in Colorado

R. G. Lucas

June 1995

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

, Pacific Northwest Laboratory
- Richland, Washington 99352

e @ %-su !
MASTER
DISTRIBUTION OF THiS p

OCUMENT IS UNLMIMED DT







DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.



Summary

This report documents an analysis of the cost effectiveness of the Council of
American Building Officials’ 1993 Model Energy Code (MEC) building
thermal-envelope requirements for single-family homes in Colorado. The
goal of this analysis was to compare the cost effectiveness of the 1993 MEC
to current construction practice in Colorado based on an objective method-
ology that determined the total life-cycle cost associated with complying
with the 1993 MEC. This analysis was performed for the range of
Colorado climates.

The costs and benefits of complying with the 1993 MEC were estimated
from the consumer’s perspective. The time when the homeowner realizes

" net cash savings (net positive cash flow) for homes built in accordance with -

the 1993 MEC was estimated to vary from 0.9 year in Steamboat Springs to
2.4 years in Denver. Compliance with the 1993 MEC was estimated to
increase first costs by $1190 to $2274, resulting in an incremental down
payment increase of $119 to $227 (at 10% down). The net present value of
all costs and benefits to the home buyer, accounting for the mortgage and
taxes, varied from a savings of $1772 in Springfield to a savings of $6614
in Steamboat Springs. The ratio of benefits to costs ranged from 2.3 in
Denver to 3.8 in Steamboat Springs.
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Introduction

This report documents the analysis of the cost effectiveness, in the state of
Colorado, of the Council of American Building Officials’ 1993 Model
Energy Code (MEC) (CABO 1993) building thermal-envelope requirements.
This analysis was conducted by Pacific Northwest Laboratory® and was
funded by the U.S. Department of Energy for the Colorado Governor’s
Office of Energy Conservation.

This study examined the costs and benefits associated with installing energy-
efficiency measures (EEMs) needed to comply with the requirements of the
1993 MEC. The EEMs include window types (e.g., double-pane vinyl) and
insulation levels (e.g., R-19) for ceilings, above-grade walls, and basement
walls. The analysis identifies the change in construction, financing, and
energy costs to the owners resulting from making the energy-efficiency
construction changes needed to comply with the 1993 MEC.

Six Colorado cities were selected for this analysis, as shown in Figure 1.
These six cities were selected to highlight the range of climates in Colorado
and the corresponding changes in 1993 MEC requirements with climate.

The 1993 MEC thermal-envelope requirements are a function of heating
degree-days, a measure of heating-season severity. The cities are presented
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Figure 1. Cities Selected for Analysis

(a) Pacific Northwest Laboratory is a multiprogram laboratory operated for the
U.S. Department of Energy under Contract DE-AC06-76RLO 1830 by
Battelle Memorial Institute.



here and in the remainder of the report in order of mildest (Springfield) to
coldest (Steamboat Springs) location. Figure 1 shows the heating degree-
days for each of the six cities.

As a rule, the goal was to select the most accurate and appropriate sources
and data as input parameters into the analysis. Some of the data was
provided by staff at the Colorado Office of Energy Conservation. In other
cases, recent, well-respected, and well-documented sources were used.
When good parameter value data were lacking, best judgment was used in
this analysis.

This report is organized as follows. The results of the costs and benefits
measures, including the estimated impacts of the 1993 MEC on home-

- owners in Colorado, are given in the next section. A discussion of the
choice of the financial, economic, and fuel-price parameters used in the life-
cycle cost analysis follows. The EEMs typically used in current practice
and the EEMs needed for compliance with the 1993 MEC, their character-
istics, and costs are given. The references cited in the text are presented,
and an appendix on the selection of an alternate investment rate is included.




Cost Effectiveness of the 1993 Model Energy Code

Costs and Benefits of the
1993 Model Energy Code

First Costs

Mortgages: Down Payment,
Monthly Payment, and Tax
Deductions

- This section presents the findings of the cost/benefit analysis of increasing

insulation levels and improving windows in Colorado homes to the levels

- necessary to comply with the 1993 MEC. All results reflect the changes in

costs from building houses to comply with the 1993 MEC instead of a
baseline of current practice in Colorado.

Benefits that accrue to the general population are not included in this report.
Those benefits potentially include a reduction in air pollution, lower rates
on utilities because of the deferral of new power plant construction, and
increased economic and energy self-sufficiency for the state.

This subsection presents the costs and benefits of building to the 1993 MEC
for the six cities analyzed. The overall results are shown in terms of first
cost, mortgage cost impacts, energy cost impacts, and the impact of these
various costs over time (years to positive cash flow and life-cycle cost
[LCC] impacts). This allows numerous points of view to be expressed in
this report.

The first cost is the incremental retail cost to purchase and install energy
features in the home (e.g., the cost to buy and install more insulation).
This cost includes the homebuilder’s profit. This is the cost that would be
paid if the home were paid for in cash.

Figure 2 compares the increase in first costs (assuming no mortgage) from
the construction changes needed for compliance with the 1993 MEC. The
1993 MEC will increase first costs more in colder climates because the
1993 MEC is more stringent in these locations. In part, this reflects the
assumption that current practice across Colorado is uniform. Most of the
first cost increase from the 1993 MEC is attributable to the addition of
basement-wall insulation and the use of windows that are more energy .
efficient.

Because most homes are financed, the financial impacts of the 1993 MEC
on mortgages will likely be of significant interest to the consumer. This
report deals with a financially limited home buyer making a relatively small
down payment (10% of the loan amount). Mortgage payments are constant
over the period of the mortgage, and the portion of payments that is interest
is assumed to be deducted from income taxes. An adjustable-rate mortgage
might result in different costs to the home buyer, but this type of mortgage
is not examined here because there are so many variations and future
interest rates are impossible to predict.
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Figure 2. First Cost Impacts

Table 1 shows how the first cost increases will impact mortgage-related
costs for a 30-year fixed-rate mortgage with a 10% down payment. The
up-front costs include the down payment, points, and loan fees. The -
increase in mortgage payments will not change over time because the
mortgage payments are constant. The savings from income tax deductions
of the mortgage interest will slowly decrease over time, the tax savings
shown in Table 1 are for the first year.

Table 1. Impacts of Mortgage Costs

o Cost Change I;::r Housing Unit
Spring- Buena Steamboat
field Denver | Durango | Vista Alamosa Springs
Annual mortgage $98 $135 $138 $140 $162 $187
payment increase
Down payment $134 $184 $189 $191 $221 $256
increase
First year tax $22 $31 $32 $32 $37 $43
deduction savings '

Energy Cost Savings

A reduction in the energy costs (i.e., the homeowner’s utility bills for
heating and cooling) is the major benefit of any energy-efficiency standard.
The intent of the 1993 MEC is to "enable effective use of energy in new
building construction." The 1993 MEC has requirements that are intended
to keep energy use (and thereby energy costs) to a reasonably low level.
The first-year energy cost savings as reported here reflect the savings in the
homeowner’s energy bills.




Time to Positive Cash Flow

Figure 3 shows the estimated annual energy cost savings resulting from the
increased level of energy efficiency required by the 1993 MEC. - As might

be expected, the energy cost savings from the 1993 MEC are much larger

in the colder climates than in the milder climates. Note the annual energy

cost savings in Figure 3 are for the initial fuel prices. The energy cost

'savings are expected to increase in the future as energy prices go up. Most

of the energy cost savings are from heating-season energy savings. The
savings in cooling costs for Springfield and Denver (the only cities assumed
to have air conditioning) are relatively small because 1) thermal improve-
ments to the envelope only modestly reduce cooling costs and 2) cooling
costs are relatively low.
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Figure 3. Energy Cost Impacts

Most consumers want to know when they will start saving money (account-
ing for all costs and benefits). Of course, the energy cost savings resulting
from increased energy efficiency start as soon as the home is occupied. Of
more interest may be the time when the consumer has saved more money
than he or she has paid out. This is referred to as the time to positive cash
flow. Beyond this time, the net cost savings can be expected to continue to
grow. The shorter this length of time to positive cash flow, the more
attractive investing in increased energy efficiency becomes.

Figure 4 shows the number of years until the homeowner realizes a net cost
savings from the increased levels of energy efficiency (i.e., the cumulative
savings exceed the cumulative expenditures). This length of time was
derived from the calculation of the up-front costs, the annual mortgage
payments, energy costs, property taxes, and mortgage interest tax deduc-
tions. For example, during the third year of ownership, a homeowner in
Denver would have saved more money than expended, and the savings
would continue to grow after that time (more information on cash flow over
time is given in the next subsection).
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Figure 4. Years to Positive Cash Flow

Table 2 shows the net present value of all costs and benefits over the
30-year period of analysis. A positive number indicates the homeowner’s
energy-related costs have gone down. This table also shows the benefit-to-
cost ratio, which is simply the ratio of the present value of the energy
savings to the first cost (not accounting for a mortgage or taxes). In
general, the benefit-to-cost ratio increases as the cities become colder.
Denver is the exception because it has low fuel prices, reducing the energy
cost savings benefit.

Table 2. Life-Cycle Cost Impacts

Cost Change Per Housing Unit
Spring- Buena Steamboat
field Denver | Durango | Vista Alamosa Springs
Life-cycle cost $1772 $2220 $3753 $3791 $5116 $6614
savings
Benefit-to-cost 24 2.3 32 32 35 3.8
ratio

Housing Affordability

This subsection presents a discussion of housing affordability (i.e., how the
1993 MEC would affect qualifying for a mortgage and cash flow for the
home buyer). Many organizations and individuals are concerned about
housing affordability. The nature of this concern varies, though there are
two general aspects of the affordability issue. The first emphasizes either
low first cost for residences by keeping costs down, so that buyers are able
to qualify for loans to purchase homes; or adjusting existing lending




practices, so that decreased energy costs from energy-efficient homes are
reflected in the purchaser’s ability to qualify for a larger loan. The biggest
concern is often with the first time (new home) buyer and how the addi-
tional first cost for higher energy efficiency will eliminate some prospective
buyers from qualifying for loans. There is also some concern that the first
buyer will not receive a fair return on the energy-efficiency investment on
resale.

The second aspect of the affordability issue emphasizes minimizing total
costs, including purchase costs and operating costs. The objective is to
minimize the sum of the costs of owning the home, including both energy
costs and mortgage costs for energy-efficiency improvements. This longer
term focus captures the benefits of energy efficiency over the home’s life-
time. Nonmarket costs or impacts of energy consumption, such as environ-
mental externalities, are sometimes included as costs. Some might also
want to add market externalities by including social costs of fuel consump-
tion not reflected in the market (e.g., including the impact of increased fuel
use on the environment, reflecting marginal costs of new power sources,
reflecting the higher-than-average capacity charge associated with heating,
ventilating, and air-conditioning loads, and/or adding national balance-of-
payments cost).

A simple method of looking at the costs and benefits of higher energy effi--
ciency over time is by studying the cash flow. Figure 5 shows the cumula-
tive cash flow for a typical first owner of a single-family home in Denver.
The figure shows the cash flow for a home built to the efficiency levels
required by the 1993 MEC relative to a home built to typical current
practice. A 30-year mortgage and a 10% down payment were assumed.
The owner was assumed to sell the house after 7 years, at which time the
mortgage was terminated. The results shown in Figure 5 are for a home
with a natural gas furnace, while the general results earlier in this section
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Figure 5. Typical Cash Flow for the First Owner of a Single-Family
Home ~




- are weighted averages across several heating-fuel types (see page 26 for

information about fuel averaging). At the time of the purchase, there was a
cost of $184 to cover the increased down payment and other up-front cost
increases. Because the energy cost savings exceed the mortgage payment
increases, the net cash flow for each year is positive (excluding the first
year, which has the up-front costs). The cumulative cash flow becomes
positive during the third year and continues to grow in all future years. At
the end of 7 years when the house is sold, the estimated resale value related
to the additional investment in energy efficiency exceeds the mortgage ter-
mination cost of this same investment by $16. Note that any future owner
will also quickly obtain a positive cash flow. The cash flow for future
owners is likely to be even more favorable, assuming a lower purchase cost
(of the energy-efficiency measures) and the forecasted higher fuel costs.

The concern that home buyers will be eliminated from qualifying for a
mortgage by the higher first costs associated with higher levels of energy
efficiency must be addressed by reflecting the increased financial viability
of the home buyer in the mortgage process. In cases where the cost of
energy improvements themselves may disqualify buyers from home loans,
lenders need to use a mortgage qualification criterion that takes into account
the fact that the owner is actually financially stronger from a more energy-
efficient home and, therefore, better able to pay the energy-efficient home
mortgage than the non-energy-efficient- home mortgage. Although energy-
efficient mortgages have been around in some form for a long time, they
are seldom used. Therefore, an effort should be made to introduce viable
methods of reflecting the home buyer’s stronger financial situation in
energy-efficient-lending criteria. The best way to address the effects of
energy-efficiency improvements on the price of a home is to adjust the
lending criteria rather than to reduce the purchase price by backing off the
energy-efficiency levels. The positive cash flow and the short time to
positive cash flow argue that building homes to comply with the 1993 MEC
are clearly in the interest of the home buyer.

A similar situation exists in the rental market. This is especially true when
prices are fixed by governmental agencies, such that the building investor/
owner/manager is not able to pass the additional cost of energy efficiency to
the occupant (assuming the occupant gets the benefits of lower energy bills).
Builders and owners of multifamily housing should be allowed to profit on
the construction and management of energy-efficient housing.

The number of buyers impacted by the increased first cost can be estimated.
The National Association of Home Builders (NAHB) estimated that a home
cost increase of $1680 required an additional $570/year in buyer income

(at 10% down) and disqualified 2.5% of the potential home buyers
(Consumers’ Research 1991). For Denver, this was scaled back to the esti-

- mated increase in first cost, $1636, producing an estimate that the energy-

efficiency standards would require an additional $555 in family income and
disqualify approximately 2.4% of the potential new home buyers. This
calculation assumed that no credit was given in the mortgage process for
reduced expenses resulting from a reduction in energy costs and that the



home buyer does not cut expenses elsewhere in the cost of the residence.
In the aggregate, the 97.6% of home buyers who can afford the price
increase would be better off.

The definition of "affordable" energy-efficiency standards offers a goal for
changing lending practices to eliminate the impact of increased energy-
efficiency requirements on the ability to qualify for a mortgage. In its
resolution, NAHB (1992a) defines increases in thermal performance stan-
dards to be affordable if "A buyer of a home who qualifies to purchase the
home before the addition of the thermal performance standards would still
qualify to purchase the same home after the additional cost of the energy-
savings construction features ..." -

Because the home buyers’ total expenses are less under the 1993 MEC, a
stronger financial position results. In the absence of a procedure that con-
siders the benefit of the energy efficiency in the mortgage qualification
process, some buyers may be forced to accept a slight downgrade or, at the
extreme, may not be able to afford a new home; however, the number of
buyers impacted should be small. Additionally, the lending industry is
moving in the direction that will give credit to energy-efficiency invest-
ments. Further work is needed to make energy-efficiency mortgages a
reality for those who might be disqualified from a loan based on the added
cost of energy efficiency. If and when energy-efficiency mortgages become
common, home buyers should be as able to qualify for mortgages for highly
efficient houses as for less-efficient houses.






Life-Cycle Costing

Methodology

Analysis Tool

For this analysis to be credible, the parameters used must properly reflect
present or expected market conditions. Details on the parameters selected
are given here and the subsections that follow. The first of the parameters
refers to the methodology and analytical tools used to perform the analysis.
This section contains a description of those components of the analysis.

The LCC analyses are used to compare the present value of total long-run
costs associated with several alternative courses of action. The general
approach of the LCC method is to sum the costs and benefits of an invest-
ment, which, in turn, are calculated based on existing and forecasted econ-
omic parameters. Costs and benefits that will occur in the future are
discounted to present values. Discounting is the lowering of the value of
future costs and/or benefits to account for the value that individuals put on
having money now versus in the future.

The basic cost elements of the generic LCC method for energy-efficiency
investments are shown below. All costs and benefits are computed in
present-value dollars.

Life-cycle cost = first costs + energy costs + maintenance costs - resale value

The first two elements were introduced in the previous section. Because
most home buyers obtain a mortgage, the first costs are spread out over the
mortgage period and the up-front costs are limited to the down payment and
mortgage fees. As down payments are often a small percentage of the first
cost, the initial cost impact of increased investments in energy efficiency is
much lower than the first cost. Mortgages have the important feature that
interest on the mortgage is tax deductible.

The third element of the equation, maintenance costs, represents the outlays
required to maintain the investment following its purchase. This represents
the maintenance, repair, or replacement expenses required for the EEMs.
For the envelope measures examined in this analysis, the maintenance costs
are zero.

The final element of the equation is the resale or salvage value of the
investment at the end of the analysis period. The EEM values depreciate,
based on the straight-line method, so the resale value at the end of the
period of analysis is equal to the nominal value of the EEM multiplied by
the remaining fraction of the EEM lifetime.

The economic analysis was done with the Automated Residential Energy
Standard (ARES) program. The ARES software is a computer program
developed for the U.S. Department of Energy that contains an LCC
methodology for residential energy-efficiency decisions (Lortz and Taylor
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1989). Given a set of fuel-price, financial, economic, and EEM cost
parameters for a building at a specific location, ARES identifies the eco-
nomic impacts of incremental improvements in energy efficiency. ARES
considers both space heating and cooling, and was designed specifically for
the development of residential energy-efficiency standards.

In addition to an LCC model, ARES incorporates an energy database pro-
duced by a simulation model, allowing it to estimate the energy use for a
specific selection of EEMs. The energy usage associated with each combi-
nation of EEMs becomes an input to the ARES economic analysis. The
incorporation of an energy simulation in ARES removes the requirement for
doing separate building energy simulations. The ARES energy simulation is
a parameterization of a large database of DOE-2 simulations (DOE 1989a)
(DOE-2 is a sophisticated energy analysis software commonly used to
estimate building energy consumption).




Financial, Economic, and Fuel-Price Parameters

Financial Parameters

In this section, the financial, economic, and fuel-price—paranieter values

‘necessary for the cost/benefit analysis of the 1993 MEC are specified,

justified, and documented. Most of the financial, economic, and fuel-price
parameters required for input to this analysis are summarized below. These
parameters represent the costs and benefits from the homeowner’s
perspective.

e new home mortgage parameters
- mortgage interest rate (8.0% nominal, assuming 3.9% inflation)
- points and loan fees (1.6% of the mortgage amount)
- loan term (30 years)
- down payment (10%)
- mortgage insurance (3.5% of mortgage)

e other rates and economic parameters
- alternate investment rate (discount rate) (4.0% real or
approximately 8.1% nominal, assuming 3.9% future inflation)
- marginal federal plus state income tax rates (26% average)
- period of analysis (30 years)
- building life (50 years)

e residential fuel prices by city and annual escalation rates
- electricity (1.2% escalation) ’
- natural gas (1.6% escalation).

In choosing the parameters for this analysis, the intent was to identify and
document the best source available for each parameter. Most of the param-
eter values are commonly reported statistics and are traceable to published
sources. Some of the data was provided by the Colorado Office of Energy
Conservation. It should be noted that some of the parameter values vary
across time, locations, markets, institutions, circumstances, and/or indi-
viduals. In general, the mean or median value was taken for any particular
parameter. If multiple sources for a single parameter were identified, an
attempt was made to choose the best source, with a preference toward the
most respected, most recent, and published sources.

Because most home buyers obtain a mortgage, the economic analysis
accounts for a mortgage. A mortgage interest rate of 8.0% was selected for
this analysis, based on long-term U.S. Office of Thrift Supervision histor-
ical real averages using 1963-1991 data (OTS 1991). Points and loan fees
were determined from the same data to average 1.6% of the mortgaged
amount; this cost was assumed to be split equally between points (tax
deductible) and loan fees (not tax deductible). This long-term rate is also
close to current mortgage rates.

13



Alternate Investment Rate
(Discount Rate)

Inflation Rate

Period of Analysis and
Building Lifetime

An average of 26 years until the loan reaches maturity for fixed-rate mort-
gages has been reported (OTS 1991). This average term indicates that a
30-year mortgage term is likely the most typical; therefore, 30 years was
used as the loan term for this analysis.

The loan-to-price ratio for conventional, fixed-rate, single-family home
mortgages is reported as 74.4% for 1991 (OTS 1991). A similar value is
reported by a mortgage insurance company in the U.S. Department of
Commerce’s Statistical Abstract (DOC 1991a). The National Association of
Realtors reports the median down payment of 12% for all home buyers who
finance their purchase (NAR 1992). However, a lower rate of 10% was
used in this analysis to represent the lower down payments commonly paid
by financially limited home buyers.

Private mortgage insurance is normally required for loans with low down
payments. Based on data provided by a mortgage company, NAHB-
developed data (NAHB 1992b), and the various types of loans and down
payments commonly available, average private mortgage insurance costs
were calculated. Private mortgage insurance was included as a non-tax-
deductible cost to the home buyer, fixed at 3.5% of the mortgage loan
amount, and included in the mortgage payments.

An analysis of EEMs must convert costs and benefits occurring in future
years into present-value dollars. To convert future dollars into present
dollars, an alternate investment rate or discount rate needs to be established.

Using the criterion that the alternate investment rate should be based on
costs to the buyer using the next best alternate investment opportunity, the
best rate of return commonly available is mortgage prepayment, yielding a
real return of approximately 1.5% to 4.0%. This range was selected as the
possible range for the discount rate for this analysis. Because the long-term
treasury bond rates for recent years is within this range, this real discount
rate of 4.0% (8.1% nominal, if a 3.9% inflation rate is included) was used
in this analysis. The selection of the alternate investment rate is described -
in detail in the Appendix. ‘

The inflation rate is used to convert between nominal and real rates. An
inflation rate of 3.9% was used. This projected rate is from the Annual
Energy Outlook 1993 (EIA 1993) and is equal to the average forecast of
four other sources.

A period of analysis equal to the mortgage term of 30 years was used in
this analysis. This is consistent with the Congressional guidance contained
in the conference report on the Energy Policy Act legislation (CRH 1992)

 that states that if an LLC analysis is conducted, it "should use a 25 or

30 year term to reflect the fact that houses have long useful lives and are
commonly financed through 30 year mortgages." The discount rate (4.0%



Property Tax Rate

Income Tax Raté

Fuel-Price Parameters

Fuel-Price Data

real) diminishes the value of future dollars such that periods far into the
future do not have a major impact on this analysis (e.g., the effect of the
difference between analysis periods of 30 years and 50 years is small).

A 50-year building life for homes was assumed for this analysis. The life
affects the resale value at the end of the 30-year analysis period. No
references were found that give median building lives, but the 1989
American Housing Survey (DOC 1991b) reports that 31% of all existing
housing units are 50 years or older. This indicates housing commonly lasts

- at ]east 50 years.

For this analysis, there was assumed to be a property tax of 1.1% of the
home value. Therefore, the homeowner must pay 1.1% of the increase in
first costs from the higher levels of energy efficiency resulting from compli-
ance with the 1993 MEC. The tax rate for Colorado was determined from
an article in Money (1992).

The marginal income tax rate paid by the homeowner determines the value
of the mortgage tax deduction. The homeowner is assumed to itemize
deductions, which is most common. Data on household incomes for all
purchasers of homes were obtained from the Internal Revenue Service
(1992) and the NAR (1992). These data were used to estimate federal tax
deductions for the average homeowner. Approximately half of all home
buyers were in the 28% bracket and half were in the 15% bracket. There-
fore, 21% was used to represent the weighted average income tax rate.
Accounting for an estimated average state income tax of 5%, the total
income tax rate is 26%.

Both current fuel prices and fuel-price-escalation rates in the future were
required for this analysis.

Residential energy prices obtained by the Colorado Office of Energy
Conservation from the applicable utilities were used in this analysis and are
shown in Table 3.

Table 3. Fuel Prices by City

o Natural Gas Electricity

City ($/therm) ($/KWh)
Springfield 0.478 0.0693
Denver 0.414 0.0657
Durango 0.486 0.0740
Buena Vista 0.422 0.0808
Alamosa 0.442 0.0657
Steamboat Springs 0.470 0.0697
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Fuel-Price-Escalation Rates

From the consumer’s perspective, the energy cost savings from changes in
energy-efficiency levels are driven by marginal fuel prices, which may not
equal average fuel prices. For example, utilities often charge a lower rate
per kilowatt hour of electricity for additional electricity consumed beyond

some minimum threshold--the marginal rate is this lower rate. Fuel taxes

were estimated to average 5.0%. The fuel prices in Table 3 are the

~marginal prices used in this analysis.

Fuel prices in Colorado are well below average residential fuel prices for
the United States, which are $0.63/therm and $0.084/kWh (EIA 1995).

The residential fuel-price-escalation rates (real) displayed in Table 4 were
taken from projections published annually (NIST 1994). The fuel-price-
escalation rates for each fuel type are projected by census region for

30 years into the future. The fuel-price-escalation rates for the region
Colorado is located in were used in this analysis.

Table 4. Residential Fuel-Price-Escalation
’ Rates, 1995 through 2024

Escalation Rate
Fuel ‘ (% Real)

Electricity 1.2
Natural gas 1.6




Energy-Efficiency Measures

The analysis to determine the cost effectiveness of the 1993 MEC in
Colorado requires information on specific EEMs. This section primarily
documents the characterization of the EEM options used in this analysis,
. including the levels (R-values for the ceilings, above-grade opaque walls,
and basement walls; U-values for windows), costs, and some of the con-

struction assumptions.

Thermal-Envelope Energy-
Efficiency Measures

This analysis considers the cost effectiveness of the 1993 MEC thermal-
envelope requirements. The envelope components considered in this

analysis are ceilings, above-grade opaque walls, windows, doors, and
basements with wall insulation. The selection of full basements as the
foundation type was approved by the Colorado Office of Energy Conser-
vation. For each component, EEMs corresponding to current construction
practice and to 1993 MEC compliance were determined. Table 5 shows

these EEMs.
Table 5. Energy-Efficiency Measures for Current Practice and 1993 Model Energy
Code
Ceiling Wall Basement
; Insulation Insulation Window Type Insulation
Current practice R-30 R-11 Double aluminum I None
1993 MEC
Springfield R-38 R-13 batt + | Good double R-11
R-4 rigid aluminum or - IJ
poor double vinyl
‘ . or wood
Denver R-38 R-13 batt + | Double vinyl R-11
R4 rigid or wood
Durango R-38 R-13 batt + | Double vinyl or R-11
: ' R-4 rigid wood,
, , with low-E
Buena Vista R-38 R-13 batt + | Double vinyl R-11
R-4 rigid or wood,
with low-E
Alamosa - R-38 R-13 batt + | Double vinyl R-11
' R-7 rigid or wood,
with low-E
Steamboat Springs | R-38 R-13 batt + | Double vinyl R-11
. R-7 rigid or wood,
with low-E
and argon
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Current practice was provided by the Colorado Office of Energy Conser-
vation. This represents typical construction practice for Colorado--many
houses are built to be more energy efficient or less energy efficient than the
levels assumed here.

The 1993 MEC generally specifies thermal-envelope requirements in terms
of overall U-value, which is called the U -value. A U-value is the inverse
of the R-value, and a lower U-value represents higher energy efficiency.
The U,-value accounts for all materials in the component, including gyp-
sumboard, framing, insulation, and siding. Components include ceilings,
above-grade walls, and various foundation types. The 1993 MEC does not
specify window, door, or opaque wall thermal requirements individually,
but rather specifies gross wall U,-value requirements.

It should be noted that compliance with the 1993 MEC can be based on
meeting individual component U -value requirements, an equivalent overall
building U, -value (as was done for this analysis), or an energy equivalent
based on a whole-building energy analysis. Thus, a number of alternative
EEM combinations would lead to compliance for any particular home.
Builders would be free to use any type of construction that complied with
the 1993 MEC component U,-value, overall U,-value, or energy-based
performance requirements. For this analysis, complying packages of EEMs
shown in Table 5 were selected utilizing software known as MECcreck™
(PNL 1994), which notifies the user if a set of EEMs complies with the
1993 MEC and allows tradeoffs across all building components.®

Combinations of EEMs other than those shown in Table 5 could also be
selected. For one example, in Denver, if the windows have low-emissivity
(low-E) coatings, the wall insulation can be reduced to R-11 batt insulation
with no rigid insulation. If the heating, ventilating, and air-conditioning
equipment efficiencies are above the minimums assumed in this analysis
(i.e., the minimums allowed by law), reductions in the energy efficiency of
the envelope levels may be possible. It should also be noted that compli-
ance with the 1993 MEC is affected by envelope-component dimensions of
the house (for a description of the house analyzed here, see subsection
entitled Prototype Single-Family Home).

(a) At the time this analysis was conducted, MECcHECK™ software was available
only for the 1992 MEC, not the 1993 MEC. However, for single-family
homes in Colorado climates, the 1992 MEC and 1993 MEC thermal-envelope
measures are equivalent. ‘




Energy-Efficiency Measure
Costs

Ceilings

Having established envelope-component EEMs for current practice and the
1993 MEC (see Table 5), the next step was to determine construction costs
for each of these EEMs. The costs that are relevant to the outcome of this
economic analysis are the incremental costs (i.e., the cost of the change ’
required for the improvement in energy efficiency to move from current
practice to the levels needed for 1993 MEC compliance). The incremental
costs include costs of general construction changes required to accommodate
an energy-efficiency change (e.g., walls with R-19 batt insulation require
2-by-6 studs instead of 2-by-4 studs). All costs in the tables in this section
represent retail costs to the home buyer/owner. These costs include mate-
rials, installation, and markups for overhead and profit. Cost data from
sources outside of Colorado were modified to account for regional cost
differences using location factors (Means 1994). These factors lowered
national prices 3% for Denver, 7% for Springfield, and 10% for Alamosa,
Buena Vista, Durango, and Steamboat Springs (the multipliers were not
provided in Means [1994] for Springfield, Buena Vista, and Steamboat
Springs, so multipliers for nearby locations were used). Although these
location adjustments are not included in the costs shown in the following
subsections, they were included in this analysis. Costs from older sources
were inflated to current conditions based on the residential construction cost
inflation rate (DOC 1994). In an attempt to corroborate the cost data used

_here with local Colorado costs, the insulation cost data were compared to

cost data provided by Mr. Randy LaFon, Sutton Insulation, Lakewood,
Colorado. In most cases, the costs were similar. Some EEMs were ulti-
mately not included in the economic analysis (see Table 5) because they
were more costly than other options. '

Component U-values are also presented in the following subsections.
U,-values affect compliance with the 1993 MEC and relate closely to
energy use. The U -values used here were determined using material
thermal properties and calculation techniques recommended by the
American Society of Heating, Refrigerating and Air-Conditioning Engineers

. (ASHRAE 1989). Window U -values were obtained from tested window

data.
Ceilings were assumed to have an attic Space (i.e., vaulted ceilings/roofs
were not considered). No skylights were assumed. Cost data for ceiling-
insulation levels and construction assemblies were obtained from four
national sources and one regional source:

® Means Residential Cost Data 1993 (Means 1992)

® 1992 National Construction Estimator (Craftsman 1992)

® An Economic Data Base in Support of SPC 90.2: Cost of Residential
Energy, Thermal Envelope and HVAC Equipment (NAHB 1986)
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® federal residential standards (DOE 1988)
e California Energy Commission (Eley 1991).

Comprehensive costs for regular-density fiberglass batt insulation were
available from all the sources. Less-complete data were available for blown
insulation, with the NAHB the only comprehensive national source for
blown insulation. A regional study of California costs (Eley 1991) reported
blown insulation at much lower costs than NAHB costs. Other, less-

" comprehensive, regional sources also reported that costs for blown insula-

tion were at least as low as the NAHB costs, if not lower. Because blown
insulation was found to be somewhat more cost effective than batt insula-
tion, according to all the above sources, and is commonly used, blown
insulation was assumed in this analysis. The NAHB blown insulation data
were chosen for the analysis of ceilings with attics, even though they had
the highest costs, because they were the only data of a national scope. The
insulation cost used here was very similar to costs provided by Mr. Randy
LaFon, Sutton Insulation, Lakewood, Colorado.

Figure 6 shows the costs versus U-value for the five different ceiling cost
sources for ceilings with attics. Only R-30 and R-38 were used in the
economic analysis. Note that all the insulation costs from different sources
are reasonably close to each other, with the exception of the California
costs, which are significantly lower. Table 6 shows the U -values and costs
for roof/ceiling insulation R-values used in this analysis.
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Figure 6. Ceiling Energy-Efficiency Measure Costs from Five Sources



Walls

Windows

Table 6. Ceiling U -Values and Costs

Cost Relative to
Nominal R-Value | Ceiling U,-Value R-11 ($/ft?)
R-30 0.0353 0.30
R-38 0.0300 0.44

The wall EEM assumed for current practice in Colorado was R-11 insula-
tion in a 2-by-4 16-in. on-center framed wall with plywood sheathing
(R-0.83). More energy-efficient EEMs that can be used to meet the 1993
MEQC requirements include R-19 batt insulation; high-density R-13, R-15,
and R-21 batt insulation; and foam sheathing insulation, such as polystyrene
and isocyanurate. : : '

The addition of up to 1 in. of foam sheathing is a commonly available
option; as evidenced by the cost data (NAHB 1986; Barnett and Thor 1990;
NAHB 1991a; Fryer and Schalch 1992; Means 1994). In fact, some
builders use more than 1 in. of exterior sheathing (this is a method of
achieving high R-values without the use of 2-by-6 walls). The use of more
than 1 in. of exterior sheathing is not a widespread practice, however, and
was not included as an EEM option. Walls with rigid foam insulation lack
structural support and, therefore, need let-in corner bracing (NAHB 1988).
These bracing costs were obtained from Means (1994) and were $0.13/ft? of
wall area for 16-in. on-center construction. Another construction option is
to use walls with plywood at the corners instead of the let-in bracing, which
decreases the energy efficiency of the wall slightly (plywood corner bracing
was assumed in the wall U-value calculations).

Costs for changing from 2-by-4 to 2-by-6 framing to accommodate

R-19 insulation were calculated. The cost data indicated that it is less
expensive to meet the 1993 MEC gross wall requirements by using 2-by-<4
construction with R-11 or R-13 batt insulation and rigid sheathing insulation
and energy-efficient windows rather than using 2-by-6 construction and
R-19 insulation.

Figure 7 shows the wall-insulation costs for various EEM levels. Note that
not all of these insulation levels were used in the economic analysis.

Table 7 shows the wall EEMs, U -values, and cost increments used in this
analysis in order of decreasing U -value.

Window cost data were obtained in a different manner and from different
sources than the other EEM cost data. The most important aspect of
collecting window cost data is to correctly associate a cost and a U-value.
Obtaining a cost-versus-energy-efficiency relationship is more difficult for
windows because window costs are greatly affected by nonenergy character-
istics, such as appearance. Obtaining window-efficiency costs is made more
difficult by the relatively rapid changes in window technology and
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Figure 7. Wall Energy-Efficiency Measure Costs from Two Sources

Table 7. Wall U -Values and Costs

Nominal Batt Rigid Insulation U,-Value Cost Relative to || -
Insulation R-Value R-Value® of Wall R-11 ($/ft2_)___
11 083 0.0825 000 |
13 4 0.0593 0.12
13 7 0.0499 0.34

(a) The R-value of 0.83 is for plywood sheathing.

energy-efficiency costs. In particular, vinyl framing, low-E coatings, and
argon-filled windows are rapidly penetrating the market and are dropping in
price.

Two sources.of window cost data were judged to be the best available. The
first was a survey of nine Pacific Northwest window manufacturers for the
Washington State Energy Office (Byers 1990). The other source of window
cost data was the work done for the California Energy Commission
(Eley 1991). These two sources were used for a number of reasons. First,
costs for a fairly extensive set of window types were available from multi-
ple manufacturers from both of these sources. (In all cases, there were
three or more manufacturers from each of the two sources for each window
improvement option of interest.) The data included new energy-efficient
technologies, such as vinyl sashes, low-E surfaces, and argon gas.

The examination, from an energy-efficiency standpoint, of windows
currently on the market showed the range of costs and efficiencies for the




most cost-effective windows with incremental prices for only a few energy-
related features. The window assumed for current practice was a double-
pane, aluminum-frame window. The incremental changes in windows that
needed costs were aluminum frame to aluminum with thermal break, vinyl,
or wood frame; the addition of low-E coating; and the addition of argon
gas. To isolate cost changes for improved energy efficiency, the cost
changes for incremental window improvements, such as adding low-E, were
determined separately for each manufacturer, so that cost changes were not
aggregated across manufacturers until after the cost changes had been
identified for each manufacturer. Examining window improvements by
manufacturer tended to avoid the large variation in other window character-
istics that affect price in intermanufacturer comparisons. The costs for any
given incremental thermal improvement were assumed to be constant
regardless of other thermal characteristics (e.g., the costs of adding a low-E
coating to aluminum- and vinyl-framed windows were identical). The
Washington and California costs for each window feature were averaged.

Current costs for low-E coatings were difficult to.establish because of
recent technology improvements. For this reason, the California (Eley
1991) or Washington (Byers 1990) cost data were not used, but an esti-
mated cost that was lower was used. In the last few years, there has been a
change in the commercially available low-E technologies. Of most interest
here is the new "hardcoat" low-E coating, which is both better in perform-
ance and lower in price than older "hardcoat" technologies. This new
low-E technology has begun to reach the market and was assumed to be the
most cost-effective type of low-E coating. The cost of the new low-E
coating to the glass manufacturer is low, approximately $0.50/ft?
(Gerhardinger and Flagg 1992). Based primarily on this manufacturer’s
cost, the retail cost (including overhead and profit) of the new low-E
coating was estimated to be $1.00/ft> to the consumer. The American
Architectural Manufacturers Association (AAMA 1992) indicates that low-E
coating is a widely used window option and is increasing, with residential
market penetration rates up from 28% in 1988 to 31% in 1991. At least
one large window manufacturer (Andersen Windows, Bayport, Minnesota)
has moved its whole line to low-E coating, providing evidence of the
penetration of low-E coating in the market.

Evidence exists that vinyl-framed windows have gained acceptance in new
residential construction. Vinyl-framed windows represent 17% of windows
used in new residential construction in 1993 and their share of the market
doubled between 1991 to 1993 (AAMA 1994). Thus, the acceptance and
growth of vinyl-framed windows in new construction is well under way and
is expected to continue.

Many types of windows were ultimately not included in this economic
analysis (see Table 5) because they were not prevalent in the market or
were not the most cost effective from a strict energy standpoint. For
example, triple-pane windows are available from some manufacturers, but
were not included in this analysis because of the small number of manufac-
turers offering such a window, lack of cost data, and less-expensive options
for obtaining equivalent efficiency. It is worth noting that the thermal
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Doors

efficiency of high-performance, double-paned windows included in this
analysis equals the thermal efficiency of normal triple-paned glass. Wood-
framed windows can be highly energy efficient but are more expensive than
equally energy-efficient vinyl-framed windows.

The window costs in both the Washington and California data were the total
costs of windows as sold by the manufacturer to mid-sized builders. Instal-
lation costs and contractor profit had to be added to these costs. No instal-
lation cost increases for vinyl, argon, or low-E windows were applied.
Means (1994) listed a window-installation subcontractor overhead and profit

- margin of 26% for a standard double-paned window. This was applied to

all the window EEMs. A 10% profit for the general contractor (Means
1994) was applied on top of all other costs.

Window U -values had to be established for the types of windows examined
here. The window types used in this analysis are shown in Table 8. The
U,-values are based on median values of windows given in the National
Fenestration Rating Council Certified Products Directory (NFRC 1994).
For each of the four window types included in this analysis, there are at
least 98 National Fenestration Rating Council-certified products available.
U,-values for available windows vary considerably about these median
values. Window costs were assumed to scale linearly, with U -value
between the values shown in Table 8. For compliance with the 1993 MEC
in Springfield, windows with a U -value of 0.63 were required, which
could either be highly efficient double-paned aluminum-framed windows or
inefficient double-paned vinyl-framed windows. For Steamboat Springs,
windows with a U -value of 0.33 were required; therefore, a slightly better
than median double-paned vinyl-framed window with argon and low-E was
assumed with a higher cost extrapolated.

Table 8. Window U -Values and Costs

. Cost Relative to Double-
Window Paned Aluminum-Framed
Window/Frame Type U, -Value ($/ft%)

Double aluminum 0.72 0

Double vinyl 0.50 2.70

Double vinyl, with low-E 0.38 3.70

Double vinyl, with argon, 0.34 4.80

low-E '

Steel doors with U-values of 0.19 (ASHRAE 1989) were assumed for both
the current practice house and the house complying with the 1993 MEC.
Because no change in doors was assumed, the cost of the doors is not
relevant in this analysis.




Basement Walls

Prototype Single-Family
Home

“@

The foundation type assumed in this analysis was a full basement. Insula-
ting the interior side of the basement wall was assumed to be the method of
complying with the 1993 MEC. Vinyl-faced fiberglass insulation was
assumed in this analysis because this is the common method of insulating
basements in Colorado. R-11 insulation is required for compliance with the
1993 MEC in all cities (see Table 5). The costs of this insulation were not
available from any published cost data source, so a cost provided by

Mr. Randy LaFon, Sutton Insulation, Lakewood, Colorado, was used. The
installed price of R-11 was quoted to be $0.50/ft%; this was scaled up by
30% to $0.65/ft* to account for builder profit and overhead. Compliance
with the 1993 MEC can also be achieved by insulating the exterior of the
basement wall with rigid foam insulation or, if the basement is unheated,
insulating the basement ceiling to R-19.

The median floor area for a new single-family home (DOC 1992) was
1890 ft>. A survey of new single-family homes (NAHB 1991b) indicates
two-story homes are most common in Colorado, with split-level and one-
story homes not uncommon. From an energy point of view, a split-level
design is similar to a two-story design; therefore a split-level home, with a
floor area of 1890 ft?, was dssumed in this analysis: 8-ft-high ceilings;
ceiling area (bordering the unconditioned attic) of 1418 ft?; gross exterior
above-grade wall area of 1736 ft2; and basement wall area of 1240 ft2.

A total door area of 56 ft*> (approximately 3 doors) was used (Johnson
1987).

As described above, a fully conditioned basement was assumed. Many new
houses in Colorado have at least a partial crawl space that is often vented
and have wall insulation. Crawl spaces were not considered here because
the ARES software cannot adequately model crawl spaces with stem-wall
insulation. The effectiveness of the crawl-space-wall insulation is greatly
diminished by the vents, which allow outside air to enter the crawl space
and bypass the insulation. However, compliance with the 1993 MEC is .
achieved if crawl-space walls are insulated to R-19. Compliance is also
achieved by insulating any floor over an unheated space to R-19.

Windows have much higher U -values than opaque walls. Therefore, the
amount of window area has a major effect on the gross wall U-value, and,
therefore, affects compliance with the 1993 MEC. Homes with high win-
dow areas will need greater levels of energy efficiency to comply with the
1993 MEC. Obtaining data on window area in new single-family housing
proved difficult. An older source (NAHB 1981) reported a national average
of 10.3% in 1980. One source (Johnson 1987) indicated a national average
window area of approximately 12% of the floor area. The most current
published source identified (Mundy 1991) reported an estimated average of
410 ft2 of flat glass sold per new house. Note that this is the area for the
glass, not the window; double-pane glazing requires twice the glass needed
for single glazing. In a personal communication, Mr. Eric J. Mundy, The
Freedonia Group, Inc., Cleveland, Ohio, updated this value for 1992. He
estimated that the average for 1992 was 430 fi? per residence. Accounting
for double-paned windows, storm windows, and storm doors, an average of
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_ Heatirig, Ventilating, and
Air-Conditioning
Specifications

approximately 220 ft?> of window area in new houses was estimated (AAMA
1992). This corresponds to a window area of approximately 11% to 12%
of the floor area for the prototype (or a wall with 12% to 13% glazing).

A second method was used to try to estimate the window area in new
homes. Mundy (1991) reported 595 million ft? of glass sold in 1990 in the
new residential market. Using data on new housing construction (DOC
1992), the average window-to-floor area (across all types of residential
housing units) was estimated to be approximately 13% to 14%.

All of the sources for single-family window areas indicate a window-to-
floor area ratio of 14% or less; however, this is an average value. The
distribution of window areas in new housing varies around this average. '
For this analysis, a window area of 14% of the wall area (243 ft2, or 12.8%
of the conditioned floor area) was assumed.

The heating-fuel types and equipment assumed in this analysis are shown in
Table 9. The results given in the cost-effectiveness section were averaged
across heating-fuel/equipment types, using shares based on a state-by-state
survey of new houses (NAHB 1991b). The results are weighted heavily
toward natural gas heating, which is by far the most common type of _
heating-fuel source used in new Colorado homes. Central air conditioning
was assumed in Springfield and Denver only. An air-ducted distribution
system was assumed for all cities. :

Table 9. Equipment Shares and Efficiencies

System Share Efficiency
Natural gas furnace 89% 0.78 annual fuel
utilization efficiency
Electric baseboard 6% 100%
Electric heat pump 5% 6.8 heating seasonal

performance factor

Air conditioner® Springfield | 10.0 seasonal energy
and Denver | efficiency ratio

(2) The efficiency shown is for air conditioners with split systems.

The minimum efficiency of residential heating, ventilating, and air-
conditioning equipment and water-heating equipment are set by mandatory
national requirements in the National Appliance Energy Conservation Act of
1987. The heating- and cooling-equipment efficiencies in this analysis were
set at the minimum levels allowed by the act as shown in Table 9.

The effect of heating- and cooling-equipment downsizing is included in this
analysis automatically by the ARES software (DOE 1989b). Smaller




Distribution Systems-
Efficiency

heating or cooling loads reduce required equipment capacities, and the
equipment cost declines accordingly. This equipment cost change is small.

A single distribution-efficiency factor for air-duct systems was used in this
analysis. Recent research and field measurements have shown duct losses
to be a major inefficiency. This value was determined by reviewing
relevant work from recognized experts in the building science technical
community and then contacting the respective authors and discussing their
findings in light of the objective. These sources (given in Conner and
Lucas 1994) were in reasonable agreement, and average values of 75% duct
efficiency (i.e., 25% loss) were used in this analysis.
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Selection of Alternate Investment Rate

An analysis of energy-efficiency measures. must convert costs and benefits
occurring in future years into present-value dollars. To convert future
dollars into present dollars, an alternate investment rate or discount rate
needs to be established. Six possible discount rates are discussed here: two
types of rates pertain to a social perspective and four different private rates
pertain to an individual’s perspective. The six rates are the following:

the risk-free social rate

the social rate for the analysis of government programs
the implicit private discount rate

the private rate charged for credit for consumer purchases
the private market rate for personal monetary investment
the private mortgage loan rate.

To justify using one of the social discount rates, it could be argued that the
objective of setting energy-efficiency requirements in codes and standards is
to reduce energy consumption for a state or the nation as a whole. One
social rate is the risk-free rate, which is usually specified as the cost of
government borrowing (i.e., an ostensibly risk-free market). In this case,
the rate on long-term government bonds is one possible rate. In recent
years, the long-term government bond rate has varied from 2.8% real
(National Institute of Standards and Technology [NIST] 1994) to 4.7 % real
(NIST 1990). '

Another social rate is used for analyzing energy-efficiency investments
made by government programs and projects. For federal projects, the
government will use the Federal Energy Management Program rate of 3.0%
in 1995; this is based on the real return on 30-year treasury bonds (NIST
'1994). This is the rate that federal projects would be required to use for
energy-efficiency projects undertaken with federal funds.

An "individual" discount rate is an implicit discount rate identified by
observing consumer behavior. This rate represents the private rate of
return that an individual consumer requires from a purchase. The strongest
argument for this rate is that the purpose of the energy codes and standards
is to properly reflect the interests of the consumer in housing "services"
and, therefore, the consumer’s preferences most appropriately reflect those
interests.

The consumer’s implicit discount rate (time value of money) is sometimes
determined by examining consumer behavior when given a range of
options. For instance, consumers can purchase a wide range of air condi-
tioners at various efficiencies. Data on the mix of air-conditioner efficien-
cies actually purchased and the purchase prices can be used to define the
price the consumer appears to be willing to pay for energy dollar savings

~ resulting from increases in air-conditioner efficiency. In practice, discount
rates are difficult to determine, with an extremely wide range of rates
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having been reported. The rates vary greatly across individuals and income
levels. Uncertainties, such as whether the consumer has sufficient informa-
tion to compare options, complicate determining the rate. According to the
Electric Power Research Institute, discount rates varying from less than 2%
to well over 100% have been reported for purchases related to energy effi-
ciency (EPRI 1988, p. 2-22). Studies of the implicit discount rates gener-
ally would suggest higher discount rates than those found in the monetary
investments described below. Because of the wide variation in reported
rates and uncertainty about the consumer’s ability to evaluate the options,
the consumer’s private rate of time preference, as demonstrated by the
evidence of consumer purchases, was considered too indeterminate to use in
this analysis. ‘

Another possible rate is the rate charged for other consumer credit, such as
credit card purchases. The interest rate charged for credit card purchases
usually ranges from greater than 10% to approximately 20%. The argu-
ment for the appropriateness of that rate is based on the fact that many con-
sumer durables, such as washers, dryers, and dishwashers, are purchased
through the use of a credit card and paid for over time. An argument
against the use of that rate is that, in this analysis, the consumer is actually
purchasing additional energy-efficiency measures in a home, not a new
appliance; therefore, the consumer has access to a different credit market
than that typically used to purchase a new appliance.

When considering how appropriate credit card interest rates are as a
discount rate, the effective interest rate actually paid by consumers and the
nonmonetary benefits of credit card use need to be considered. Many
consumers pay off credit card bills before they are charged interest,
indicating that their discount rate is below that charged by the credit card
company. Additionally, many credit cards have a "grace period" between
the consumer purchase and the initiation of the interest charges, lowering
the effective interest rate charged. Finally, nonmonetary drivers, such as
the need to track expenses, sometimes provide a reason for using credit
cards.

One alternative for establishing a discount rate is to select the most common
interest-bearing investment made by home buyers. Passbook savings
accounts are probably the most common form of interest-bearing invest-
ments for homeowners. An argument can be made that consumers putting
their money in a passbook savings account indicates that their discount rate
is at or below their passbook savings rates. However, the real rate of
return (savings interest rate less inflation) often is near 0%, which is
equivalent to the assumption that the value of money received in the future
is almost the same as money received in the present. For that reason, the
passbook savings rate is clearly too low for this analysis.

Another possible rate is the market rate for monetary investments. Con-
sumers have access to a number of common market rates. These alternative
investments can be used for comparison to investments in energy-efficiency
measures. Using the consumer’s alternative monetary investments for
comparison, "The discount rate should reflect the rate of return that will be




foregone if the project in question is undertaken instead of the next best

alternative investment opportunity of similar risk; that is, it should reflect .

the ‘opportunity cost’ of the project” (Ruegg and Petersen 1987, p. 17).

This criterion requires selecting the consumer’s best available rate of return
S ' with comparable risk and liquidity. Passbook savings accounts generally

pay low rates. U.S. Savings Bonds and short- and medium-term certificates

of deposit interest rates are usually higher. These investments are relatively
- risk free and have a moderate to high degree of liquidity.

Another alternative "investment" for the consumer, which is comparable to
the market rates for investment, is prepayment of the mortgage. In deter-
mining the rate of return from the prepayment alternative, the loss of the
tax deduction for mortgage interest (if any) and loan prepayment penalty (if
any) need to be considered. (Savings from energy efficiency are tax free to
the homeowner.) Assuming no loan prepayment penalty and deduction of
the mortgage interest, the net rate available to the homeowner who deducted
the interest from his taxes for an "investment” in mortgage prepayment
would be approximately 5.5%,® or 1.5% real accounting for the projected
3.9% inflation. Therefore, the prepayment "investment" yields between
5.5% and 8.0% nominal (i.e., not adjusted for inflation) or between 1.5%
and 4.0% real, with the average value being at the low end because most
homeowners take the mortgage tax deduction. This option is risk free. In
contrast to most of the other investments, prepaying the mortgage would
cost the consumer liquidity. An argument for using the mortgage interest
rate (at a minimum) is that the home buyer has borrowed money at that
rate, demonstrating that his implicit discount rate must be at least that high.

Using the criterion that the standard must be developed based on costs to
the owner using the next best alternative investment opportunity, the best
rate of return commonly available to the owner of the home is mortgage
prepayment, yielding a real return of approximately 1.5% to 4.0%. This
range was selected as the possible range for the discount rate for this
analysis. Because the long-term treasury bond rates for recent years is
within this range, this real discount rate of 4.0% (8.1% nominal, if a 3.9%
inflation rate is included) was used in this analysis. This rate is probably
above the average rate established by prepayment of the mortgage.
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