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ABSTRACT

The Standing Standard Project Committee (SSPC) for Stan-
dard 90.1, “Energy-Efficient Design of New Buildings Except
New Low-Rise Residential Buildings,” has applied life-cycle
cost economics to develop the next revision to the standard. This
ensures that the criteria in the standard will be cost-effective for
the building owner and that balance will be achieved among all
of the components. Implementation of the economics was sim-

plified through the development of economic scalar ratios. This
simplification avoided the normal difficulty in selecting specific
economic parameters and defending them for all applications.
The paper presents the theoretical development of scalar ratios;
an example calculation; sensitivity analyses; applications for
envelope, HVAC, and lighting components; plus a method to
extend it to components with short service lives.

INTRODUCTION

The American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. (ASHRAE) Standing
Standard Project Committee (SSPC) 90.1 decided that
the criteria for the next revision to the standard should
be based on cost-effectiveness to the building owner.
The SSPC then selected life-cycle cost (LCC) analyses as
the economic procedure. There were two compelling
reasons for this decision. First, basing the criteria on eco-
nomics ensured they were cost effective. Second, eco-
nomics provided a methodology to ensure that all of the
criteria were balanced. Balance means each major sec-
tion of the standard (envelope, lighting, and HVAC
equipment efficiencies) was contributing to the overall
efficiency of the building at an appropriate level. No one
section would be overly stringent while another section
was too lenient. These two benefits justified the effort
necessary to use economics as the basis for setting the
critenia in the standard.

This was not the first application of economics in the
development of a national energy standard within
ASHRAE. ASHRAE Standard 90.2-1993, “Energy-Effi-
cient Design of New Low-Rise Residential Buildings”
(ASHRAE 1993), used economics and provided the
background, experience, and justification for proposing
that it be applied to the development of the next revision
to Standard 90.1-1989, which is designated 90.1R.
Although economics played an important role in estab-
lishing the criteria within the development of 90.1R, it
was not the only consideration nor was it a substitute for
judgment and other factors (comfort, condensation) in
developing the criteria.

BACKGROUND

The ASHRAE policy for standards development
requires each standard to either be revised or reaffirmed
every five years. The current version of Standard 90.1-1989
was based primarily on professional judgment. Com-
ments received from the public reviews challenged some
of the criteria as not cost effective. Other comments indi-
cated the envelope criterion was more stringent than the
lighting criterion, and the heating, ventilating, and air-
conditioning (HVAC) equipment efficiencies were even
farther behind. The SSPC had no measure to either sup-
port or refute these charges. Therefore, when the SSPC
began to develop 90.1R there was a keen interest in being
able toaccount for and respond to economic issues, as well
as the level of stringency among the major sections.

ECONOMIC METHODOLOGY

General Theory of Life-Cycle Cost
Economic Analysis

The basis for the life-cycle cost economic methodol-
ogy was ASTM Standard E917-93, “Standard Practice
for Measuring Life-Cycle Costs of Buildings and Build-
ing Systems” (ASTM 1993). The most fundamental for-
mula for the LCC was

LCC = FC+M+R+E-RV 1)
where
LCC = life<cycle cost ($),
FC « = first cost ($),
M = maintenance and repair costs ($),
R = replacement costs ($)
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energy costs ($), and
resale value or salvage ($).

I

These costs can be expressed in either constant dollars or
in terms of current dollars (nominal = real + inflation).

For purposes of this standard, development current dol-
lars were selected.

Present-Value Life-Cycle Cost
Economic Analysis

Expressing Equation 1 in terms of present value pro-
duced

PVLCC = PVFC + PVM +PVR+PVE-PVRV (2)

where

PVLCC = present value of the life-cycle costs ($),
PVFC = present value of the first costs ($),

PVM  =present value of the maintenance and repair
costs ($),

PVR  =present value of the replacement costs ($),

PVE =present value of the energy costs ($), and

PVRV = present value of the resale value or salvage ($).

The economic terms that vary over time were calculated
by

PVFC = FC x UPWF (3)
PVM = M x UPWF @
PVR = R x UPWF 5)
and
PVE = Ex UPWF (6)

and the uniform present-worth factor (UPWF) was deter-
mined by

UPWE = [(1+)N-11/(i(1+i)M] @

where

N
i

measure life (yrs) and
interest or discount rate (decimal).

The UPWFs assume a uniform rate of change for each
time period. In this application, it would be on an annual
basis. If the rates of change are not constant every year,
probably the more realistic case, then modified uniform
present-worth factors should be used. Modified assumes
that the rate of change was constant for a specified num-
ber of years and then changed to another constant value
for another specified period of years. The maximum
number of times the rate could change would be annu-
ally. Typically, one estimates the rate of change for blocks
of time such as five years or 10 years. This required a
more sophisticated ability to project rates of change in
the future than was warranted for the standard develop-
ment. For purposes of this development, the modified

uniform present-worth factors were called scalars. The
term scalars was borrowed from the field of mathemat-
ics, and means the number just has a magnitude as
opposed to a vector, which has both magnitude and
direction. Because fuel escalation rates for heating and
cooling fuels may be different, the scalars were identified
as Sy, for heating and S, for cooling. Finally, the scalar for
the first costs is identified as S,.

The resale value (or salvage) occurs only once and
that was at the end of the time period assumed for the
economic evaluation. In this instance, the present value
was determined by

PVRV = RV x SPVF (8)

where the single present-value factor (SPVF) was deter-
mined by

SPVF = 1/ (1+i)" 9)

As a theoretical example of the present-value LCC
analysis, assume the objective was to determine the opti-
mum level of insulation to install in an attic. Furthermore,
assume that the level of insulation was a continuous vari-
able, available in any quantity, such as loosefill or blown
insulation. Specific values were assumed for the discount
rate, life, fuel escalation rate, and material costs for illus-

trating the concept. LCCTHE.LHS3
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Figure 1 LCC theory.
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The results are presented in Figure 1. The insulation
costs were assumed to increase linearly with the level
installed. The energy costs decrease as an inverse of the
insulation level. The LCC was the sum of the first cost
and the energy cost, assuming the insulation has no
maintenance or repair cost, replacement cost, or resale
cost. This was a simplified example to illustrate the con-
cept. Retuming to Figure 1, the LCC curve achieved a
minimum value at an insulation level of R-23. This
would establish the attic insulation criteria for the condi-
tions and location specified.

Tax Implications on Life-Cycle Cost
Economic Analysis

Federal tax laws allow businesses to deduct energy
costs, interest on loans, and depreciation as operating
expenses. This increases the complexity of LCC calcula-
tions because UPWFs can no longer be used. Instead, the
LCC calculations must be done for each year to deter-
mine the tax benefits.

DIFFERENTIAL CALCULUS APPROACH

There was an alternative but equivalent method to
the present-value LCC. The basic concept was to apply
differential calculus to the process of determining a min-
imum value. This assumes that the curve to be opti-
mized could be analytically described so that the first
derivative could be determined. The minimum was
determined by setting the first derivative to zero and
solving it for the independent variable, which, in the
attic example, would be the insulation level. The process
will produce identical results. Equation 1 becomes

d(PVLCC) d(PVFC) d(PVM) d(PVR)
d(ECM) ~ d(ECM) *d(ECM) * 4(ECM)

d(PVE) d(PVRV) _ (10)
*3(ECM) ~ d(ECM) =
where
ECM = energy conservation measure,
d (PVLCC
;'(___ECM)) = differential present value of lifecycle
cost (%),
d (PVFC
d(( ECM) )) = differential present value of first cost ($),
d (PVM) _ _ _
(ECMy = differential present value of maintenance
d (ECM) :
and repair costs ($)
4(PVR) : :
d(ECM) = differential present value of replacement
cost ($),
d (PVE
d___((ECM)) = differential present value of energy
costs ($), and
d (PVRV) ) )
d(ECM) = differential present value of resale

value ().
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Figure 2 Incremental LCC theory.

For the attic insulation example, the differential
maintenance and repair costs were zero, the differential
replacement costs were zero, and the differential resale
value also was zero. Under those assumptions, the
results are presented in Figure 2. The differential first
costs appear as a horizontal line. This means that each
increment of insulation has the same cost as that of the
previous one. The energy cost curve now decreases
with the inverse of the square of the insulation level.
The optimum occurs when the differential first cost
equals the differential energy cost. Graphically, this is
shown as the point where the differential energy cost
curve intersects the differential first cost horizontal line.
The point is R-23, which is identical to the result previ-
ously obtained.

The attic insulation example was simple because the
insulation levels were assumed to be continuous. How-
ever, almost all ECM are not continuous variables but
are only available at discrete values. The fundamental
LCC theory can still be applied but it requires evaluation
of each discrete value. The actual application of LCC in
the standard development used the discrete approach.

MARGINAL OR INCREMENTAL LCC ANALYSIS

Determination of optimum levels can be calculated
by two methods. One approach calculates the total LCC.
In this approach, the annual energy costs for each ECM




are used and all options are evaluated. The other
approach calculates annual energy savings instead of
using annual energy costs. The annual energy savings
must be calculated as the difference between each suc-
cessive ECM. This is referred to as marginal or incre-
mental LCC. It is extremely important to recognize that
the marginal approach calculates the savings
between successive ECMs and does not calculate the
energy savings for each ECM relative to a base case. For
instance, in the attic insulation example, the marginal
approach calculates the energy savings between each
successive R-value of insulation and does not calculate
the energy savings between the uninsulated base case
(R-0) and the insulation level under investigation.

In equation form, the LCC analysis becomes

d(PVEC) d(PVE)
d(ECM) *a(ECM) = © 1)

The incremental differences in present values of first
costs and energy costs are determined as ECM; — ECM,,
with ECM, being designated as the reference and ECM,
being designated as the next step or increment of
improvement, e.g., more expensive but more energy effi-
cient. This means that the incremental first cost will be
positive, while the incremental energy cost will be nega-
tive. Rewriting Equation 11 to recognize this sign con-
vention produces the final equation as

d(PVE) _ d(PVEC) a2)
d(ECM) ~ d(ECM)

This means that the incremental present value of the
heating and cooling energy savings must be equal to the
incremental present value of the first costs to achieve the
optimum. This is the general form and to actually evalu-
ate it, specific terms need to be used. For envelope com-
ponents, this requires evaluating both the heating and
cooling energy savings as

FYS,-P,-S, +FYS_-P_-S_= AFC-S, (13)
where

FYS, = first-year savings for heating (therms),

P, = price of heating fuel ($/therm),

Sy = scalar for heating (dimensionless),

FYS, = first-year savings for cooling (kWh),

P, = price of cooling fuel ($/kWh),

S¢ = scalar for cooling (dimensionless),

AFC = incremental change in first cost of ECMs ($), and
S; = scalar for first costs (dimensionless).

In actual application for envelope components, Equa-
tion 13 becomes

AU-B,-HDD65-P,-S,+AU-B,-P,-S,  (14)
= AFC-S,

where

AU =incremental change in ECM U-factors
(Btu/h-£2-°F),

B, =heating re ion coefficient

(therms/ft*-°F-day-U),
HDDEé5 = heating degree-days to base 65°F (°F-days),
B, = cooling regression coefficient
(kWh/ft?-°F-day-U), and
CDD50 = cooling degree-days to base 50°F (°F-days).

Dividing Equation 14 by S, yields the final form as

AU-B,-HDD65- P, - S, /S, (15)
+AU-B,-CDD50-P,-S,/S, = AFC

where

Sp/S2= scalar ratio for heating (dimensionless) and
S¢/S2= scalar ratio for cooling (dimensionless).

The scalar ratios are not UPWFs or modified UPWEs
but are used in a similar fashion in that they are the fac-

tors that are multiplied by the first-year energy savings

to arrive at the present values. The scalar ratios are not
equivalent to years for simple payback because they
account for the time value of money and taxes. The sca-
lar ratios are a simple method to use in the determina-
tion of optimum ECMs, which establish the criteria for
the revision to the standard.

SPECIFICATION OF ECONOMIC VARIABLES

There are many economic variables that need to be
specified to begin the actual LCC calculations. It is criti-
cal to keep in mind the relative importance of each vari-
able as it relates to the overall analysis. For example, in
Equation 15 there are significantly different degrees of
precision that can be assigned to each of the variables.
The incremental U-factor may be 0.001 Btu/h-ft-°F, the
regression coefficients may be 0.1, the heating degree-
days vary between 0 and 25,000, the fuel prices vary by
factors of 3 to 4 across the country, and the scalar ratios
may change by factors of 2 to 3 within reasonable limits
of the economic parameters. This just highlights that the
entire calculation procedure is not exact for every cir-
cumstance, but reasonable values can be determined
and applied to develop the standard.

The basis for the selection of the economic variables
was to assume a typical commercial business. Each of
the economic variables will be presented.

Study Period

The study period is the economic life of the energy
conservation measure under investigation. Typical val-
ues vary, depending on the specific feature. Buildings
may last for 50 to 100 years but the ECMs typically will
be replaced much sooner, usually associated with reno-
vation or replacement. Common examples are 30 to 40
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years for insulation, 10 to 15 years for HVAC equipment,
and 5 to 15 years for lighting systems.

Discount Rate

The discount rate is the interest rate used in the dis-
counting process. It is the required rate of return or the
cost of capital. This is the rate necessary to justify raising
funds to finance the project or, alternately, the rate neces-
sary to maintain the firm’s current market price per
share. A typical nominal value would be 12%, but it var-
ies depending on the particular business.

Inflation Rate

The inflation rate is the reduction in purchasing
power from year to year, as measured, for example, by
the percent increase in the gross national product defla-
tor over a given year. Inflation rates can be expressed as
either nominal or real but must be consistent with the
approach used to define the discount rate. Typical nomi-
nal inflation rates used for energy studies range from 3%
to 6% annually (Petersen 1993).

Tax Rate

The federal tax rate varies depending on amount of
profit. It is 15% for profits up to $50,000, 25% for profits
between $50,000 and $75,000, 34% for profits between
$75,000 and $100,000, 39% for profits between $100,000
and $335,000, and 34% for profits that exceed $335,000.
A typical federal tax rate is 34% for a majority of busi-
nesses. State tax rates range from 0% to 8%, with 6%
being a typical value. Because state tax is deductible
from federal tax liability, the combined tax rate is 38%
(0.34-[1 - 0.06] + 0.06).

Loan Interest Rate

Loan interest payments are deductible from taxable
income. For purposes of this economic analysis, it was
assumed that the ECM would be totally financed as part
of a construction loan. A nominal interest rate for com-
mercial institutions was 12%.

Resale Value

It was assumed that the resale value of the ECM
would be zero. One must recognize that there would be
costs associated with removal of the ECM that would
deduct from the resale value. Furthermore, capital
gains tax applies if the ECM is sold for more than book
value. For purposes of the incremental analysis, it was
assumed to be zero.

Depreciation

Depreciation is deductible from taxable income. The
Tax Act of August 1993 changed the class life for nonres-
idential real property placed in service after May 12,
1993, from 31 1/2 years to 39 years. The depreciation is
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TABLE ] Economic Data and Assumptions

tem Value
1. Study Period (A) 30 Yeors
2. Discount Rate (Nominal) 12%
3. Infiation Rate ) 4%

4. Investment Cost Data

a. Purchase ond Instaliation
b. Downpayment
c. Loon Interest Rate 12%
d. Loon Ufe 30 Years
e. Yeary Loan Payment
f. Deprecigtion (B)
@g. Loan Interest Payments Deductible from
taxable income
h. Resale Volue (C)
5. Recuning Operating & Maintenance Deductible from
Costs taxable income
6. Energy Costs
a. Heating Energy Price $5.60/MBtu
b. Codling Energy Price $0.08/xWh
c. Annudt Hegating Energy Use
d. Annual Cooling Energy Use
e. Annual Rate of Heating Energy Price 2%
Increase (Reql)
f. Annual Rate of Cooling Energy Price 0%
Increase (Real)
@g. Energy Costs Deductible from
taxable income
7. Federal Tax Rate 34%
8. Federal Tax Rate 6%
9. Combined Tax Rate (D) 38%
Notes:

A = 1993 Federal Tax Law specifies 39 years.

B8 = Building i straight line depreciction.

C = Capitai gains tax apply ¥ soid for more than book value.

D = To account for the deductibility of State tax from Federal tax labi-
ity. the combined tax rate s (0.34 x (1 - 0.06) + 0.06) = 0.38.

straight line for 39 years. For purposes of the incremen-
tal analysis, it was assumed to be zero.

Operating and Maintenance Costs

Recurring operating and maintenance costs are de-
ductible from taxable income. For purposes of the incre-
mental analysis, these were assumed to be zero.

Energy Costs

Energy costs are deductible from taxable income. The
price of energy for heating a building varies with the fuel
type (gas, oil, electric) and the specific rate schedule. Typ-
ically, gas and electricity have rate schedules that vary
with the amount of consumption. Furthermore, electric
schedules will have demand charges. The impact of these
variables is for energy prices to vary by factors of 3 to 4
across the country. For purposes of this analysis, national
average fuel prices were selected. Gas was $5.60 per mil-
lion Btu and electricity was $0.08 per kWh.




Heating and Cooling Systems

All buildings have a heating or cooling system and
their efficiency impacts the overall energy performance
and costs. For purposes of this analysis, it was assumed
that the system would be a rooftop unit with a gas fur-
nace and electric air conditioning. The heating system
efficiencies investigated were 78%, 80%, 85%, 90%, and
96%, and the cooling system efficiencies investigated
were energy-efficient ratios of 8.5, 8.8,9.3,9.8, and 10.3.

EXAMPLE CALCULATION

An example will be presented based on the economic
variables and assumed values previously presented to
illustrate how the detailed calculations are done. The
specific assumptions are summarized in Table 1. Next,
assume that the ECM incremental first cost is $1,000 and
it was all financed with no down payment. The heating
and cooling incremental energy requirements were each
assumed to be 100 million Btu.

TABLE 2 Purchase and Installation Cost

(9)) @ (&) ()] )
Year Down Annual Loan Interest

Cormporate Tax Reductions After-Tax

()] @ (¢-)] +)]
Single Present PV of After-Tax

Payment,$§ Payment,$ Payments, Income from Interest Payment, § Vailue (SPV) After-Infiation

(A ()] $ Tax Rate  Deductions,§  (3)-(6) Factor Investment

(4)x(5) Financing, $§

@)x(8)

1 0 124 120 0.38 &8 79 0.8929 70
2 0 128 120 0.38 45 79 0.7972 &3
3 0 124 19 0.33 45 ™ 0.718 )
4 0 124 118 0.38 45 79 0.4355 S0
H [ 124 118 0.38 45 v 0.5674 45
[] ) 126 17 0.38 23 80 0.5068 40
7 0 124 116 0.38 &b 30 0.4524 34
8 0 124 115 0.38 &4 30 0.4039 33
9 0 124 114 0.38 43 81 0.3606 rs
10 0 126 113 0.38 43 81 0.3220 26
11 0 124 111 0.38 42 82 0.2875 26
12 0 124 110 0.38 42 2 0.2567 21
13 0 124 108 0.38 41 oo 0.2292 19
1% 0 124 106 0.38 40 84 0.2046 17
15 o 124 104 0.38 39 ] 0.1827 15
16 0 124 101 0.38 39 86 0.1631 14
17 0 124 9 0.38 37 87 0.1456 13
18 (] 124 9 0.38 36 83 0.1300 11
19 0 124 }24 0.38 35 B39 0.1161 10
20 0 124 83 0.33 34 91 0.1037 9
21 0 124 84 0.38 32 92 0.0926 9
22 [ 124 ™ 0.38 30 9% 0.0826 8
3 0 124 74 0.38 28 % 0.0738 7
26 0 124 68 0.38 26 98 0.0659 ()
25 0 126 61 0.38 23 101 0.0588 6
26 0 126 54 0.33 20 104 0.0525 5
zr 0 12 45 0.38 17 107 0.0469 s
28 0 124 36 0.38 1% 11 0.0419 5
29 ) 124 25 0.38 10 115 0.0376 4
30 (] 124 13 0.38 H 119 0.33% 4
Total PV, after-tax, purchase snd installation cost 653

Notes: A = Assume loan volue is $1000 with no downpayment.
B = Interest rate is 12% for 30 years.
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The purchase and installation cost calculations for each
year are presented in Table 2. The 30-year total present
value, after-tax cost is $663. Because this was based on an
assumed incremental first cost of $1,000, the scalar (S,) for
the purchase and installation is $663/$1,000 or 0.663.

The heating fuel cost calculations for each year are
presented in Table 3. The 30-year total present value,
after-tax heating fuel cost is $4,961. This was based on an
average fuel price of $5.60/MBtu and 100 MBtu. The

total first-year cost was then $560. The scalar for heating
(Sn) is $4,961/8560 or 8.86. The heating scalar ratio is
simply the present value of the heating fuel cost divided
by the present value of the purchase and installation cost
or, in equation form, it is S;/S,. For heating, the scalar
ratio is 8.86/0.663 for a value of 134.

The cooling fuel cost calculations for each year are
presented in Table 4. The total present value, after-tax
cooling fuel cost is $16,858. This was based on an aver-

TABLE3 Hedting Fuel Costs

M @ () ) () 6) @ ® ® a0
Year Base Annual  FuelPrice AnnualFuel Cormporate Tax Reduction Annual Cost Single PV of Annual
Period Fuel Escaldtion Cost After Income from Fuel Cost  After Tax Present Fuel Cost After
FuelPrice, Req., Multiplier Escalation,§ TaxRate Deductions, $ and Value (SPV) Tax and
$/MBtu MBtu (A) (@2)x(3)x(4) ®) (5)x(6) Escalation, $ Factor Escalation, $§
5)—7) © (8)x(9)
1 35.60 100 1+0.06)" 594 0.38 225 368 0.8929 329
2 $5.40 100 (1+0.06)" 629 0.38 39 390 0.7972 311
3 35.60 100 (1+0.06)° 657 0.33 3 414 0.7113 295 ]
[} $5.60 100 (1+0.06)* 707 0.38 268 439 0.635% 2P
] $5.60 100 (1+0.06)" 749 0.38 284 485 0.5674 264
6 $5.60 100 (1+0.06)* 79 0.38 302 493 ,_0.5066 250
7 $5.40 100 €1+0.06)" 842 0.38 320 522 0.4524 pat]
8 $5.60 100 (1+0.06)° 893 0.33 339 554 0.4039 73
9 3$5.60 100 €1+0.06)° 9%6 0.38 359 587 0.3606 212
10 $5.60 100 (1+0.06)" 1003 0.33 381 0.3220 200
1 35.60 100 1+0.06)* 1063 0.38 404 660 0.287S 190
12 $5.60 100 1+0.06)" 127 0.38 428 9 0.2567 79
13 $5.60 100 €1+0.06)" 1% 0.38 453 741 0.2292 170
% | 35.60 100 (1+0.06)™ 1266 0.38 481 788 0.20L8 151
15 $5.60 100 (1+0.06)" 1342 0.38 509 a3 0.1827 152
16 $5.60 100 (1+0.06)* %23 0.38 S40 a3 0.1631 144
17 $5.60 100 (1+0.06)" 1508 0.38 572 936 0.1456 136
18 35.60 100 (1+0.06)" 1598 0.38 607 992 0.1300 129
19 $5.60 100 1+0.06)" 1694 0.33 3 1051 0.1161 122
20 $5.60 100 1+0.06)™ 1796 0.38 682 114 0.1037 116
21 $5.60 100 (1+0.06)" 1904 0.38 = 1181 0.0926 109
22 $5.60 100 1+0.06)™ 2018 0.38 766 1252 0.0826 103
px] $5.60 100 (1+0.06)" 2139 0.38 812 1327 0.0738 98
2% $5.60 100 (1+0.06)™ 2267 0.38 81 1407 0.0659 93
25 35.60 100 (1+0.06)™ 2403 0.38 912 1491 0.0588 88
26 $5.60 100 €1+0.06)™ 2548 0.38 967 1581 0.052S -]
27 $5.60 100 €1+0.06)* 2700 0.38 1025 1675 0.0489 ™ |
28 | ss.e0 100 (1+0.06)™ 2862 0.38 1087 1776 0.0419 n !
29 $5.60 100 €1+0.06)"™ 3034 0.38 1152 1882 0.037¢ 70 i
30 ' $5.60 100 €1+0.06>™ 3216 0.33 1221 1995 0.0334 67
Total PV, after tax, fuel cost 4961

Notes: A = Nominal (6%) = Actual (2%) + Infiation (4%)

B = Toaccount for the deductibility of State tax from Federal tax liabiity. the combined tox

rate is 0.34 x (1 -0.06) + 0.06 = 0.38.
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C = Discount Factor is 12%




age fuel price of $23.44/MBtu and 100 MBtu. The total
first-year cost was then $2,344. The scalar for cooling (S,)
is $16,858/$2,344 or 7.19. The cooling scalar ratio is sim-
ply the present value of the cooling fuel cost divided by
the present value of the purchase and installation cost or,
in equation form, it is S_/S,. For cooling, the scalar ratio
is $7.19/0.663 for a value of 10.8.

The difference between the heating scalar ratio (134)
and the cooling scalar ratio (10.8) is solely attributable to
the differences assumed in the fuel escalation rates (6% for
heating and 4% for cooling). Considering that these scalar
ratios are based on assumed constant fuel escalation rates
for 30 years, they are not significantly different. Therefare,
a further simplification was made by assuming that both

TABLE4 Cooling Fuel Costs

(¢)] @) () 4) ) () @D ) ® Qo
Year Base Annual Fuel Price Annual Corporate  Tax Reduction Annual Cost Single PV of Annuat
Period Fuel Escalation Fuel Cost Income from Fuel After Tax Present Fuel Cost
fuelPrice, Req., Multiplier  After Escala-  Tax Rate Cost and Value (SPV) After Tax
$/MBtu MBtu (8) tion, $ Deductions, § Escalation, $ Factor . and
A @)x(3)x(4) (5)x(6) (X 0)) ®) Escalation, $
(8)x(9)
1 $23.44 100 (1+40.04)" 2438 0.38 925 1512 0.8929 1350
2 $23.44 100 €1+0.04)* 2535 0.38 962 1573 0.7972 1254
3 223,44 100 €1+0.04)" 2637 0.33 1001 1636 0.7118 1164 4
4 $23.44 ‘100 (1+0.04)° 27462 0.38 1041 1701 0.6355 1081
S $23.44 100 (1+0.04)* 2852 0.38 1083 1769 0.5674 1004
6 $23.44 100 €140.04)* 2966 0.338 1126 1840 0.5066
7 $23.44 100 €1+0.04)’ 3085 0.38 1N 1914 0.452¢ 856
8 $23.44 100 €1+40.04)° 3208 0.38 1218 1990 0.4039
9 $23.44 100 €1+0.04)° 3336 0.38 1266 2070 0.3606 766
10 $23.44 100 €1+0.04)™ 3470 0.38 1317 2153 0.3220
1 | s 100 | c140.04p" 3608 0.38 1370 2739 0.2875 « |
12 $23.44 100 (1+0.04)" 3753 0.38 1425 2328 0.2567 598 l
13 $23.44 100 (1+0.04)" 3903 0.38 1482 2421 0.2292 §SS
1% $23.44 100 €1+0.04)™ 4059 0.38 1541 2518 0.2046 $15
15 $23.44 100 €1+0.04)" 4221 0.33 1602 2619 0.1827 478
16 $23.44 100 €1+0.04)" 4390 0.38 1687 2724 0.1631 444
17 $B.44 100 €1+0.04)" 4566 0.338 1733 2833 0.1456 413
18 $23.44 100 €1+0.04)"™ 4748 0.38 1802 2946 0.1300 383
19 $23.44 100 €1+0.04)" 4938 0.38 1875 3064 0.1161 356
20 $23.44 100 €1+0.04)™ $136 0.38 1950 3186 0.1037 330
21 $23.44 100 €1+0.04)" $341 0.38 2028 3314 0.0926 307
2 $23.44 100 €1+0.04)" 5555 0.38 2109 3446 0.0826 285
3 $23.44 100 (1+0.04)* STT7 0.32 2193 3584 0.0738 264
2 $23.44 100 (1+0.04)™ 6008 0.38 2281 3728 0.0659 26
25 $23.44 100 (1+40.04)™ 6249 0.38 372 3877 0.0583 228
26 $23.44 100 €1+40.04)* 6499 0.33 2467 4032 0.0525 212
27 $23.44 100 (140.04)" 6758 0.38 2566 4193 0.0469 197
28 $23.44 100 €1+0.04)™ 7029 0.38 2668 4361 0.0419 183
29 $23.44 100 (1+0.04)™ 7310 0.38 2775 4535 0.0374 170
30 $23.44 100 €1+0.04)™ 7602 0.38 2886 4716 0.0334 157
- Jotal Pv, after tax, fuel cost 16,858

Notes: A = Electric Price is S0 08/kwnh
B =Nominal (4%) = Actual (0%) + Infiction (4%)

s e st bt s

C =To account tor the deductibility of State tax trom Federal tax licbility, the
combined tax rate is 0.34 x (1 - 0.06) + 0.06 = 0.38.
D = Discount Factor is 12%.

Thermal Envelopes VI/8Building Energy Codes—Principles
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ECMs and first costs were de-
fined by the respective SSPC
90.1 panels so they reflect ac-
tual ECMs and costs. Before
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Walls

The 2 by 4 wall insulation
options investigated were an
uninsulated base case (R-4),
R-11, R-13, R-15, R-13 plus 1.5
in. of foam sheathing, R-13
plus 2 in. of foam sheathing,
and R-15 plus 2 in. of foam
sheathing. The final option
was in 2 x 6 walls with R-21
and 2 in. of foam sheathing.
The results are presented in
Figure 6. The optimum is R-13.

Slabs

The insulation options in-
vestigated were none, 2 in. of
polystyrene for 2 ft, 3 in. of
polystyrene for 2 ft, and 3 in.
of polystyrene for 4 ft. The
results are presented in Fig-
ure 7. The minimum LCC has
the first ECM that has no
insulation.

Fenestration

There are numerous fen-
estration options to evaluate.
There are three key parameters
to describe the performance of
fenestration options. Thermal
performance was character-
ized by the U-factor and the
shading coefficient. Daylight-
ing performance was charac-
terized by the visible light
transmittance. In this analysis,
104 fenestration options were
investigated. Rather than list-
ing all 104 fenestration op-
tions, the ranges for each
parameter will be presented.
The U-factors ranged from 121
to 0.24 Btu/h-f*-°F. The shad-
ing coeffidents ranged from
095 to 0.12 The visible light
transmittance ranged from 0.88
to 0.04. The results are pre-
sented in Figure 8. Because
there were three key parame-
ters describing the perfor-
mance of fenestration options,
the results jump around. This
illustrates the need for a well-
defined methodology to iden-

TABLES Scalar Ratio Based on Selected Economic Variables (Continued)

Nom. Rates

ESC Dis. Int. Measure Life (Years)

% % % 2 4 ¢ 8 10 15 20 25 30 40 50

6 8 6 1.3 2.6 4.0 5.4 6.9 10.8 4.8 19.0 23.1 31.1 38.3
6 8 8 1.3 2.5 3.8 S5.2 6.5 9.9 13.3 16.6 19.8 25.7 30.7
6 8 10 1.2 2.5 3.7 4.9 6.1 9.1 11.9 14.6 17.1 21.6 25.3
6 8 12 1.2 2.4 3.5 4.7 5.8 8.3 10.7 12.9 14.9 18.5 21.4
6 8 14 1.2 2.3 3.4 4.4 S.4 7.7 9.7 11.5 13.2 16.1 18.5
6 8 16 1.2 2.3 3.3 4.2 5.1 7.1 8.9 10.4 11.8 14.2 16.2
6 10 ¢ 1.3 2.6 4.0 S.4 6.9 10.6 14.4 18.2 21.8 28.2 33.2
6 10 8 1.3 2.5 3.8 S.1 6.5 9.7 12.9 15.9 18.7 23.2 26.5
6 10 10 1.2 2.5 3.7 4.9 6.1 8.9 11.6 14.0 16.1 19.5 21.8
6 10 12 1.2 2.4 3.5 4.7 5.7 8.2 10.5 12.4 14.1 16.7 18.4
6 10 14 1.2 2.3 3.4 4.4 S.4 7.6 9.5 11.1 12.4 14.5 15.9
6 10 16 1.2 2.3 3.3 4.2 S.1 7.0 8.6 1:0.0 11.1 12.8 14.0
6 12 6 1.3 2.6 4.0 S.4 6.8 10.5 14.1 17.6 20.7 25.9 29.5
6 12 8 1.3 2.5 3.8 S.1 6.4 9.6 12.6 15.4 17.7 21.3 23.6
6 12 10 1.2 2.5 3.7 4.9 6.1 8.8 11.4 13.5 15.3 17.9 19.4
6 12 12 1.2 2.4 3.5 4.6 5.7 8.1 10.2 12.0 13.4 15.3 16.4
6 12 14 1.2 2.3 3.4 4.4 5.4 7.5 9.3 10.7 11.8 13.3 14.1
6 12 16 1.2 2.3 3.3 4.2 5.1 7.0 8.5 9.6 10.5 11.7 12.4
6 14 6 1.3 2.6 4.0 S.4 6.8 10.3 13.8 17.0 19.8 24.1 27.0
6 14 8 1.3 2.5 3.8 S.1 6.4 9.5 12.&4 14.9 16.9 19.9 21.5
6 14 10 1.2 2.5 3.7 4.9 6.0 8.7 11.1 13.1 14.6 16.6 17.7
6 14 12 1.2 2.4 3.5 4.6 5.7 8.1 10.0 11.6 12.8 14.2 14.9
6 14 14 1.2 2.3 3.4 4.4 5.4 7.4 9.1 10.3 11.2 12.3 12.8
6 14 16 1.2 2.3 3.3 4.2 5.1 6.9 8.3 9.3 10.0 10.9 11.3
6 16 6 1.3 2.6 4.0 5.4 6.8 10.2 13.5 16.4 19.0 22.8 25.1
6 16 8 1.3 2.5 3.8 S.1 6.4 9.4 12.1 14.4 16.3 18.7 20.0
6 16 10 1.2 2.5 3.7 4.9 6.0 8.6 10.9 12.7 14.0 15.7 16.4
6 16 12 1.2 2.4 3.5 4.6 5.7 8.0 9.8 11.2 12.2 13.4 13.8
6 16 14 1.2 2.3 3.4 4.4 5.3 7.4 8.9 10.0 10.8 11.6 11.9
6 16 16 1.2 2.3 3.3 4.2 5.0 6.8 8.1 9.0 9.6 10.2 10.5
8 8 6 1.3 2.7 4.3 5.9 7.6 12.5 17.9 24.0 30.5 &4.6 59.5
8 8 8 1.3 2.7 4.} S.6 7.2 11.4 16.0 20.9 26.1 36.8 47.6
8 8 10 1.3 2.6 3.9 5.3 6.8 10.5 14.4 18.4 22.5 30.9 39.3
8 8 12 1.3 2.5 3.8 S.1 6.4 9.6 13.0 16.3 19.7 26.5 33.2
8 8 14 1.2 2.4 3.6 4.8 6.0 8.9 11.8 14.6 17.4 23.0 28.7
8 8 16 1.2 2.4 3.5 4.6 S.7 8.2 10.7 13.1 15.5 20.3 25.2
8 10 6 1.3 2.7 4.3 5.9 7.6 12.2 17.3 22.6 28.1 38.7 48.1
8 10 8 1.3 2.7 4.1 5.6 7.1 11.2 15.5 19.8 24.0 31.9 38.5
8 10 10 1.3 2.6 3.9 5.3 6.7 10.3 13.9 17.4 20.8 26.7 31.7
8 10 12 1.3 2.5 3.8 5.1 6.3 9.5 12.5 15.4 18.1 22.9 26.7
8 10 14 1.2 2.4 3.6 4.8 6.0 8.7 11.4 13.8 16.0 19.9 23.1
8 10 16 1.2 2.4 3.5 4.6 5.6 8.1 10.3 12.4 14.3 17.5 20.3
8 12 6 1.3 2.7 4.2 5.8 7.5 12.0 16.7 21.4 26.0 34.1 40.4
8 12 8 1.3 2.7 4.1 5.6 7.1 11.0 14.9 18.8 22.3 28.1 32.3
8 12 10 1.3 2.6 3.9 5.3 6.7 10.1 13.4 16.5 19.2 23.6 26.5
8 12 12 1.2 2.5 3.8 5.0 6.3 9.3 12.1 14.6 16.8 20.1 22.4
8 12 14 1.2 2.4 3.6 4.8 5.9 8.6 11.0 13.1 14.8 17.5 19.3
8 12 16 1.2 2.4 3.5 4.6 5.6 8.0 10.0 11.7 13.2 15.4 16.9
8 14 6 1.3 2.7 4.2 5.8 7.5 11.8 16.1 20.4 24.3 30.7 35.1
8 14 8 1.3 2.7 4.1 S5.5 7.0 10.8 14.5 17.9 20.8 25.3 28.0
8 14 10 1.3 2.6 3.9 5.3 6.6 9.9 13.0 15.7 18.0 21.2 23.0
8 14 12 1.2 2.5 3.8 5.0 6.2 9.1 11.7 13.9 15.7 18.1 19.4
8 14 14 1.2 2.4 3.6 4.8 5.9 8.4 10.6 12.4 13.8 15.7 16.7
8 14 16 1.2 2.4 3.5 4.6 5.6 7.8 9.7 11.2 12.3 13.8 14.7
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tify the true optimum. In this ABLES Scalar Ratio Based on Selected Economic Variables (Confinued)

example it is option number
25. There were two other Nom. Ratos

options that were close to the ~ ESC Dis. Int. Ll
optimum—numbers 7 and 57, 2 % % 2 4 6 210 15 20 25 % 4 =
816 6. 1.3 2.7 4.2 58 7.4 11.5 15.7 19.5 22.9 28.1 31.5 .
Lighting 816 8 13,26 41 55 7.0 106 1.0 171 19,6 23,1 251
- . 8 16 10 1.3 2.6 3.9 5.2 6.6° 9.8 12.6 15.0 16.9 19.3 20.6
The 17 lighting options g ¢ 33 102 3.5 38 22 &8 9.0 11.4 13.3 14.7 16.5 17.3
analyzed are presented in 8 16 14 1.2 2.4 3.6 48 58 8.3 10.3 11.9 13.0 14.3 14.9
TableG_ThemajorEmswm 8 16 16 1.2 2.4 3.5 4.5 5.5 7.7 9.4 10.7 11.6 12.6 13.1
mhmps'ﬂelec“mm ballasd 5 10 4 6 1.4 2.9 46 6.5 8.7 153 24.2 36.0 S1.7 100.2 185.9
compact fluorescent down- 19 , g 113 23 44 6.2 8.1 14.0 21.6 31.4 44.1 82.7 149.3
lights, dimming controls, task 10 4 10 }g 2.7 4.2 5.9 7.7 12.8 19.3 27.6 38.1 69.6 123.¢
ioht intenance 10 4 12 -3 2.6 41 5.6 7.2 11.8 17.4 24.4 33.3 59.8 104.9
hggtmg, lumen ma“'.n\e [ 10 414 L3 2.6 39 53 68 1009 158 21.8 29.5 3.2 ooy
;nms“’-ﬂecm’e ht:dffeﬁ- - 1‘;‘ 10 4 16 1.2 2.5 3.8 5.1 6.4 10.1 14.4 19.7 26.4 46.2 80.1
are presen in Fgure 9.
The optimum was option 11 10 6 6 1.4 2.9 46 6.5 8.6 14.9 23.0 33.2 46.0 B81.4 134.4
hichp davi tog e 10 6 8 13 28 44 61 8.1 136 20.5 29.0 39.3 67.1 107.8
which was daylight dimming 15 ¢ 15 113 307 &3 3-8 7.6 12.5 18.4 25.5 34.0 56.5 89.0
In open areas. Option 10 — 10 6 12 1.3 2.6 4.1 5.6 7.1 11.5 16.6 22.6 29.7 48.4 75.4
compact fluorescent down- 10 6 14 . 1.3 2.6 3.9 53 6.7 10.6 15.0 20.2 26.3 2.2 65.2
light—and option 12—day- 10 6 16 1.2 2.5 38 50 6.3 9.8 13.7 182 23.5 37.3 57.4
light dimming "in private : e 20
offices—were close to the 0 8 6 . -9 4.6 6.4 8.5 14.5 21.9 30.7 41.0-66.5 98.4
¢ s il tha 10 8 8 1.3 2.8 4.4 6.1 8.0 13.3 19.5 26.8 35.1 54.8 78.8
optmum. This illustrates that 19 g 19 13 307 43 5-8 7.5 12.2 17.5 23.6 30.3 46.0 64.9
different technologies can 10 8 12 :g ;-6 4.0 5.5 7.1 11.2 15.8 20.9 26.5 39.4 S4.9
compete and this methodol- - 10 8 14 . -6 3.9 5.3 6.7 10.3 14.3 18.7 23.% 34.3 47.4
ogygjaluaﬁ&seachoneofll ir 10 8 16 1.2 25 37 50 63 9.6 13.1 16.8 20.9 30.3 <1 9
respective merits of costand 10 10 6 1.4 2.9 4.5 6.4 8.4 14.1 20.8 28.5 36.8 S5.1 74.2
performance. 10 10 8 1.3 2.8 4.4 6.1 7.9 12.9 18.6 24.9 31.5 &5.4 59.3
:g 10 10 :g gz 4.2 g.a 7.4 11.9 16.7 21.9 27.2 38.1 48.8
10 12 . -© 4.0 5.5 7.0 10.9 15.1 19.4 23.8 32.6 41.2
SHORT-LIVED MEASURES 10 10 14 1.3 2.6 3.9 52 6.6 10.1 13.7 17.3 21.0 28.3 35.6
The details i X 1010 16 1.2 2.5 3.7 5.0 6.2 9.3 12.5 15.6 18.7 25.0 31.2
e det required to
evaluate scalar ratios have
- 1012 6 1.4 2.9 45 63 8.3 13.7 19.9 26.5 33.3 46.6 58.3
been shown to be involved. 15 3 3 73 73 &3 6.0 7.8 12.6 17.8 23.2 28.5 38.4 6.6
The question arose as to 10 12 10 1.3 2.7 4.2 5.7 7.3 11.6 16.0 20.4 24.6 32.2 38.3
whether there may be a 10 12 12 1.3 2.6 4.0 54 6.9 10.7 145 18.1 21.5 27.5 32.3
hort thod to determi 10 12 14 1.3 2.6 39 52 65 9.9 131 16.2 19.0 23.9 27.8
:h° e:lme : f° Eem“n*; 10 12 16 1.2 2.5 3.7 4.9 6.2 9.1 11.9 14.5 16.9 21.0 24.4
e scalar ratio for ECMs o
shorter lives. One soluton 10 14 6 1.4 2.9 4.5 6.3 8.2 13.4 19.1 24.8 30.4 40.3 47.9
that a 10 14 8 1.3 2.8 4.3 6.0 7.7 12.3 17.1 21.7 26.0 33.2 38.2
was to assume that a scalar g |, 5 13 30; 7 & 7.3 11.3 15.4 19.1 22.5 27.8 31.3
ratio is “equivalent” toa uni- 10 14 12 1.3 2.6 4.0 54 6.8 10.4 13.9 16.9 19.6 23.7 26.4
10 14 164 L3 2.5 3.9 52 6.5 9.6 12.6 15.1 17.3 20.6 22.8
resent- r.
form p tworth.fado 10 14 16 1.2 2.5 3.7 4.9 6.1 8.9 11.4 13.6 15.4 18.1 20.0
Then one can determine the
“equivalent” int te that
equu;dale::dmeﬁstm- tha 10 16 6 1.4 2.9 4.5 6.2 8.1 13.1 18.3 23.4 28.0 35.7 40.9
wo produce e.Ongmal_ 1016 8 1.3 2.8 4.3 5.9 7.6 12.0 16.4 20.5 24.0 29.3 32.6
scalar ratio. It is an iterative 10 16 10 1.3 2.7 4.1 5.7 7.2 11.1 14.8 18.0 20.7 24.5 26.7
calculation but can be deter- 10 16 12 1.3 2.6 4.0 s.4 6.8 10.2 13.3 16.0 18.1 20.9 22.5
ined i hort time. By .o 18 14 1.3 2.5 3.8 51 64 9% 12.1 14.2 159 18.2 1s.2
mined in a sho. S PY 10 16 16 1.2 25 37 49 61 g7 11.0 12.8 14.2 16.0 17.0

knowing the “equivalent”
interest rate, then the scalar
ratio can be evaluated for any
different economic life.

For example, a scalar ratio
of eight that was determined
using a 30-year economic life
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is “equivalent” to an interest rate of 12.093. Similarly,
a scalar ratio of 18 that was determined using a 30-
year life is “equivalent” to an interest rate of 3.673.
Using these “equivalent” interest rates, scalar ratios
were calculated for shorter lives. The results are pre-
sented in Table 7. Comparisons between these results
and those in Table 5 (scalar ratio of 18 at a 30-year
life is an 8% escalation rate, 14% discount rate, and a
10% interest rate, while a scalar ratio of eight at a 30-
year life is a 4% escalation rate, 16% discount rate,
and a 16% interest rate) illustrate that this approach
consistently overestimates the results obtained by
using the detailed calculations. Starting with a scalar
ratio of 18 and evaluating it at a life of 10 years, the
“equivalent” method predicts a scalar ratio of 8.2,
while the detailed calculations for a 10-year life pro-
duce a scalar ratio of 6.6. The differences between
the actual and the “equivalent” methods decrease as
the initial scalar ratio increases. In summary, the
“equivalent” method is unable to accurately predict
intermediate scalar ratios for shorter lives and
should not be used as a substitute for the actual cal-
culations.

CONCLUSIONS

The application of economics in the development of
an energy standard has the distinct feature of ensuring
that the criteria are cost effective to building owners

SR90/ cH3

Fuel Escalati
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Rate, Rate
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I FE.D10110 +F8.D10114 T FED14.110 F F6.014.114
O F8.010110 *F8,010.114 *Fa,D14,110 B F8D14114
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50

Scalar Ratio
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Figure 3 Scalar ratios.
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and that balance is achieved between the major sec-
tions of the standard. Many simplifying assumptions
were made in the development of scalar ratios, but
they were shown to be an easy method to use in the
development of the criteria.

RECOMMENDATIONS

It is recommended that the SSPC 90.1 use the scalar
ratio concept to determine the criteria for the next revi-
sion of the standard. o
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TABLE 6 Office Combined Analysis

1 2 3 456 7 8 910111213141516

TABLE 7 Simpie Payback Thresholds for Two Tiers

Measure Life Tler | Tler 2
1 0.89 0.96
2 1.7 1.9
3 24 28
4 30 3.7
5 3.6 45
6 4. 53
7 45 6.1
8 5.0 6.8
9 5.3 7.5

10 5.6 8.2
N 5.9 8.9
12 6.2 9.6
15 6.8 1.4
18 7.2 13
2 74 14
25 7.8 16
30 8.0 18

Ad].
W/st ~ Total
No. Measure Saved W/st $/st
0 Baoseline — 203 Bose
1 Halogen downiights 015 188 00}
2 718 lamps/mag ballast—open areas  0.19 169 0.10
3 T8 lamps/mag ballast—private 008 161 0.4
offices
4 T8 lamps/mag ballast—bathrooms,  0.01 161 0.4
etfc.
5 18 electronic ballasts—private 005 15 0.7
offices
6 Louvered troffer/18 elec ballasts— 032 124 043
open areqs
7 Occupancy sensors—open areas 006 1.18 046
8 Occupancy sensors—private 003 115 055
offices
9 T8 electronic ballasts—bathrooms, 0.0 1.14  0.56
etc.
10 Compact fluorescent downlights 0.16 098 09
11 Daylight dimming—open areas 003 094 097
12 Daylight dmming—private offices 003 091 106
13 14amp fixtures + task lights—open 014 077 152
areqas
i 14 24amp fixtures + task ights—private 002  0.74  1.66
offices
15 Lumen moaintenance—openareas 003 071 1.83
16 Lumen maintenance—private 001 071 19
l offices -
! 17 Reflective troffers 000 0.71 —
l Thermal Envelopes VI/Building Energy Codes—Principles
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