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and cooling loads in buildings, and determining cost benefits of
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Preface

This is a training program designed to educate students and individuals
in the imortance of conserving energy and to provide for developing skills
needed in the application of energy - saving techniques that result in energy
efficient buildings.

Upon successful completion of this course of instruction, a student win
be able to perform at the job entry level.

Alternatives are provided in this program to allow for specific
instruction in energy-saving methods and procedures, or for integration
wWstruction courses. It may also be used for self-paced instruction.

*en used in the classroom, the unit can be integrated with the buildir
construction curriculum or it can be taught separately.

A teacher guide and student workbook are available to supplerent the
basic manuals. Ire resource person should consult the teacher guide anc,
follow procedures given therein.

'Me material is provided in three parts:

PART ONE: iNDERSIMING AND maims mot CONSER'VATICN IN
BUIIDINCS.

PAW 110: DETER41NING AMOUNT OF ENERGY IAST OR GAINED IN A
BUILDING.

PART DCTERMING mai PRACTICES ARE wet EFFICIENT AND
imsrALLMGMATER/AIS.

For Part Two, it is reoommended that the students have access to the
cooling and heating load calculation manual (PP 150 ASHRAE, 1979. It
is avail-rine from MEM, 345 Fast 47th Street, New York, NY 10017.

10



Part 2

Determining Amount of
Energy Lost or Gained in a Building

In Part one, the discussion was of a
general nature and general mumples were
given. But if you are to provide for
energy efficiency in a specific building
you mist be able to find the predicted
heat loss or gain aM to evaluate the
cost benefits. This service is provided
by the Energy ETIckension Service for the
general public. But as an energy tech-
nician you should be able to calculate
these values.

In order to do this, you must be
familiar with tem used in Treasuring
energy in buildings and have access to
data that give heat flow through various
building materials.

Heat energy will always flow from an
area of high temperature to an area of
low temperature. Thus, depending upon
the outdoor temperature, heat will flow
into or out of a building seeking
equilibritaa

The primary places for heat flow into
and out of buildings are as follows:

- Conduction through the walls,
and floors.

- on through the doors and
windows.

- Infiltration of outside air into
the living area through cracks in
window frames, walls aM door frames,
and other openings.

- Introduction of outside air through
the ventilation system.

- Radiation of solar energy through
glass areas.

- Palatial heat loads on exterior
walls and roof areas.

- Heat generated by oo colpmteaa s, lights

and mechanical app

Heat can flow into or out of a lore
in any or all of these modes at the son M
time.

The objectives of this section are
as follows:

- xb identify and define the primary
nodes of heat Rai into sold out of

a-

. t C and define the factors
which the heat flow into
and out of a

evaluate the giantity of heat
fia. through typical structural

suob as floors, windows,
ceilings, and doors, by each

of the heat flow modes.
- 1113 estimate the ti of heat

enex+sayitng practices.

11



Procedures are given under the following
headings:

A. Terms Used to Measure Energy in
Buildings.

B. Understanding Heat Losses and
Gains in Buildings.

C. Estimating Heating Loads in
Buildings.

D. Special Applications for Estimating
Cooling Loads in Buildings.

E. Estimating Cooling Loads in
Buildings.

F. Determining Cost Benefits of Using 11111
Energy - Saving Practices.

A. Terms Used to Measure Energy in Buildings

There are several teams used in
measuring energy in buildings. Most of
them are familiar. From your study of
this section, you will be able to list
and define these tears. They are
described as follows:

1. 'Dams for Measuring Heat now.
2. Terms for Measuring Heat

Conductivity.
3. Other Tams.

1. TERMS FOR MEASURING HEAT FLAW

Terms for measuring and calculating
heat flow are as follows:

a.

b.

c.

d.

e.

Unit of Heat (Btu) .

Rate of Heat Flow (Btu/hr) or (g) .
Heat Flom by Cooduction 40 -
Heat Flow by Infiltration (qi)
Heat Flow by Radiation (cier) .

a. Unit of Heat (3tu)

The BritishIlimmudLUnit 1Bti.4 is the
unseen vantitv of heat that seeks an
equilibidan of terperaftrebetween two
temperature differences. By definition,
it is the amount of heat energy required
to raise the temperature of one pound of
waterer* degree F (Figure i). The Btu
li-ffie term for measuring heat.

12

FIGURE 1. A Btu is the amount of heat
energy required to raise the temperature
of one pound of water one degree F.

For example, note the following
equivalents:

1 Btu = 1 wood match
3,413 Btu = 1 kilowatt hour
1,000 Btu = 1 cu. ft. natural gas

140,000 Btu = 1 gal. fuel oil
13,000 Btu = 1 lb. coal

b. Rate of Heat Flow (Btujhr) or (9}

Heat flaw (q) is the movemant of
thermal energy from a point of high
temperature to a point of lower tempera-
ture. It is measured in Btu/hour.



c. Heat Flow by Conduction 640.

Conduction (qc) is the flow of heat
energy through solid materials by means
of aolecular vibration. It is measured
in Btu/hr.

d. Heat Flourby Infiltration (qi).

Infiltration heat loss (q) is the
heat lost by a building through
infiltration air exchange. This is
usually through cracks and crevices and
opening of doors and windows. This is
measured in Btu/hr.

e. Heat Facmby Radiation 01,J.

Radiation is usually the effect of
sunlight on a building. It is the flow
of heat energy from a warm body to a
cooler body by means of electromagnetic
energy.

Solar radiation is measured in
Lang lays or Btu. One Langley is equal
tc$ 3.687 Btu per square foot per day.

Solar radiation varies with latitude,
seasons and weather. For example, a
cloud cover will reduce the amount of
solar radiation.

2. TERMS FOR MEASURING HEAT CONEUCIVITY

How much heat a material will allow
to transfer is measured in several terms:

a. Thermal Conductivity (k-Value).
b. Thermal Conductance (C-Value).
C4 Coefficient of Heat Transfer

(U-Value) .

d. Thermal Resistance (R-Value) .

a. Thermal Conductivity (k-Value)

Thermal conductivity is a scientific
measurement of the rate of heat flow
through a given substance. it is deter-
mined in a laboratory. It is the amount
of heat in Btu/hr that will flow through
a substance that is 1 foot square, 1 inch

11111

thick then there is a tenterature
iiiaof 1° between sides (Figure 2).

The thermal conductance (C) varies
with thickness of the material.

The lower the k-Value, the higher the
insulation value. This value is not used
for building materials because it is
limited to 1" thickness and will vary at
different temperatures.

12 n.

12in

THERMAL CONDUCTIVITY
(it-VALUE)

FIGURE 2. The thermal conductivity of
a substance is the amount of heat that
will transfer through 1 square foot, 1
inch thick when there is a temperature
difference of 1 °F.

b. Thermal Conductance (C Value)

The thermal conductance of a material
is similar to k- Value, but it may be based
on a specified thickness rather than
1 inch (Figure 3). Therefore, C-Nalue is
the amount of heat in Btu/hr that will
flow through a material that is 1 foot
square, and any specified thickness for
each degree F difference in temperature.
Neither is it necessary for the material
to be homogeneous or solid.

The lower the C-Value, the better the
insulation.

1r,xu
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FIGURE 3. Thermal conductance.

c. Coefficient of Heat transfer (UValue)

The overall coefficient of heat trans-
fer is more meaningful than C-Value when
determining the insulating value of a
building section. It includes all the
materials and air space in a conbined wall
section. Therefore, Ur-Values are used to

determine heat losses and gains in
buildings.

The Ur-Value is defined as the amount
of heat in Btu/hr that will transfer
through 1 square foot of wall section in
1 hour for each degree F difference
between sides (Figure 4) .

As with C-Value, the lower the 1341alue

the better the insulation quality.

d. Thermal Resistance (R- Value)

The thermal resistance (R- Value) of
a material is the term most commonly
used for measuring insulation values.
One reason, it is easier to understand
because as the R-Value increases the
value of the insulation increases. The
unit for R-Value is hours x unit area gi
difference in degrees per Btu, t x ft̀
x hr/Btu.

1° DIFFERENCE
IN TEMPERATURE

12in

HEAT
FLOW

BTU /HR.-

12in.

COEFFICIENT OF HEAT TRANSFER
(U-VALUE)

FIGURE 4. U-Value of a wall section.

R-Value is a measure of the
resistance to heat flow, not rate of
heat flow (Figure 5). TO find R -Value

fran the C-Value and U-Value,

1 1

R andR =U

'lb find the R-Value fran the k-Value,

thickness of homogenous material
R conductivity of material

14-Values are also used to calculate
heat transfer in buildings. Mast insu-
lating materials are rated in RF.Values.

3. MUER TERMS

Other termsymiwill be using are
defined as follows:

a. Infiltration

Infiltration is the movement of out-
side air into or out of a building through
unplanned openings in components such as
cracks around windows.

14 17



FIGURE 5. The higher the R-Value, the
better the insulation.

b. Ventilation

Ventilation is the introduction of
outside air through the heating or cool-
ing system or by means of ventilation
fans.

C. Fenestration

Fenestration is the glass or other
transparent area of the building through
which solar radiation can be transmitted.

d. Kilowatt Hour

Kilowatt hour is a measurement of
electric energy.

1 kilowatt hour = 3,413 Btu

e. Inside Design Temperature

Inside design temperature is the dry-
bulb temperature that is most comfortable.
While the most comfortable temperature
will vary with humidity, the following
temperatures are required by ASHRAE
standard 90-75:

- Winter inside design temperature -
72°F

0

- Sumer inside design temperature -
78 °F78°F

Note: These temperatures all may
be changed in order to conserve
more energy. For example,

- winter - 68°F.

- summer - 80°F.

f. Outside Design Temperature

Outside design temperature is based
on average extreme temperatures in a
certain locality during a "specified"
season. These have been canputed by
ASHRAE. They are listed for different
cities in cooling and Heating Iced
Calculation Manual, ASHRAE, 1979. Table
II gives excerpts from the table.

Outside design temperatures are
given for both winter and summer
conditions.

g. Heating Degree Day

A heating degree-day is a term used
to describe cold climatic conditions in
a certain area for computing heating
loads. A heating degree-d is the
average number of degrees outside temper-
ature is below 65° for a day. The annual
degree days are a total of all the degree-
daus for a iear.

For example, the temperature is
taken every hour for 24 hours and the
average is recorded at 60°F. The heat-
ing degree-day is 65°F - 60 °F = 5°F.

&lost of the heating degree days will
occur during December, January and
February.

h. Cooling Degree Day

A cooling degree day is a term used
to describe warm climatic conditions in
a certain area for computing cooling
loads. A cooling degree day is the
average number of degrees outside dry-
bulb temperature above 75% (70°F in
New York and 60°F in Florida). Miltiply
the degrees below 75°F tines number of
days to get cooling degree days.

15



i. Discomfort Index

When figuring air conditioning,
a discomfort index is used instead of
dry-bulb temperature. Using the discern-
fort index, a cooling degree-day is the
average discomfort index above 60 for a
given day.

Disocanfort index is =muted from
both the dry-bulb and vet-bulb tempera-
ture (Figure 6).

FIGURE 6. Sling psychrometer for
measuring wet and dry bulb temperature.

16

). Relative

The relative humidity .influences
=fort or disocinfort. It is the
apprcadmate amount of moisture in the
air as ocupared to the =damn amount
that could be there at a specific
temperature. Relative humidity is
determined by taking the readings cn a
sling psychrtmeter and referring to a
chart designed fee the instrument.

k. Canfort Zane

The comfort zone for a person is
between 72°F and 80°F with a relative
timidity of between 20% and 60%.

The body is more tolerant of higher
tempewatures at lower moisture levels
(Figure 7).

2z

5

le'

DRY BULB TEMP. °F

FIGURE 7. Comfort zone.



B. Understanding Heat Losses and Gains in Buildings

1111
Heat transfer through building sec-

tions is corimitm41 by the use of formulas.
Once you understand the formulas, it is
a simple matter to substitute the values
and arrive at heat losses or gains.

Frain your study of this section you
will be able to explain which formals
are used for detenninim beat transfer
in buildings and the terms used.

They are discussed under the
following headings:

I. Conduction Heat Plow Through
Homogenous Materials.

2. Conduction Heat Plow Through

ComosiiaOrialls.
3. Infiltration Heat Losses or

Gains.
4. Ventilation Heat Losses or Gains.
5. Radiation Heat Losses or Gains.
6. Energy Losses and Gains frau

equipment Operation.

11111. ammo' HEAT FLOW SMUG'
HUOGEMOUS MATERIALS

The fundamental relationship defining
conduction heat flow through a homogeneous
solid is the Fourier equation:

Conductivity of material 00
Heat Transfer = x surface area (sla:;)

0Mailtai Thidkness in

or

qc (t2 -t1)
Mere

X

Temperature Difference
between the sides of the
solids (t2 t1) in V

qc 2, Heat flow by conduction altuihouri.
k = Thermal oonpotivity of the material,

Btg/hr x ft4 x °IP x ln.

L = Thickness of the solid in the direc-
tion of heat flow in inches.

(t2 t1) = AT = Temperature difference
between the two surfaces of the
solid (V).

A = Area of the solid perpendicular to
the direction of heat flow.

The terms in equation 1 are illus-
trated in Figure 8.

It is important that equation 1 and
its implications be understood. Notice
that the heat transfer by conduction
through the material will be smell if:

- A material with a small conductivity
00 is used.

- The material thickness (L) is large.
- The temperature difference (t2 tl)
between the two surfaces is kept
small.
urea (A) of the wall is kept
small.

FIGURE 8. Conduction heat flow
definition sketch.
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Conduction hest losses in a building
can be minimized by decreasing the
building size, by:selecting thiac mate-
rials with lad thermal conductivities,
and-by reducing the temperature difference
between inside and outside air.

The thermal conductivity (k) of a
material is a physical property which
is obtained experimentally in the
laboratory. Note that the conductivity
is based on a material thickness of
unity, or 1 inch. The conductivities
of selected building materials are given
in Table III.

Often, the thermal conductivity (C)
of a material is given for a specified
thickness rather than for a unit
thickness. Typical cases arrginch
concrete masonry blocks, or dressed
timber boards. When the thermal conduc-
tivity is given for a specified thickness,
it is called the thermal conductance (C).
Typical values of thermal conclUctbnce are
also given in Table rv.

When thermal conductances of mate-
rials are used, the conduction heat
transfer equation must be modified
since the material thickness is already
incorporated into the conductance value.
Thus

Thermal
Heat Transfer = Conductance x

(Btu/hr) (C)
Area x

(A)

Temperature
Difference
(t2 t

1
)

qc = CA (t2 - t1) . . . . (Equation 2)

where C = thermal conductance, Btu/hr x
ft2 x At°F.

Another =won way to describe a
material's ability to conduct heat is
its thermal resistivity (r) and thermal
resistance 00. The resistivity is the

Manceis the reciprocal of the
of the conductivity, whereas,

conductance. That is, the resistivity
is the material's resistance to heat
flow per unit thickness and the resistance

18

is the material's resistance to heat
flow for a specified thickness. Typical
resistances are given for same insula-
tion materials in Table I.

Thermal 1

Resistivity =
(r) Conductivity (k)

1 Thickness of material
R conTuctance (C) ConMctivity (k)

r = l/k and R.= 1/C = L/k . . (Equation 3)

The conduction heat flow equation
for a single material can x be
expressed in terns of thermal resistiv-
lq and resistance by:

Conduction Heat Flat; = 1
(Btu-hr) (qc) Resistance (R) x

Area (A) (ft2)

Thickness (L) (in) x

(lc

Temperature Difference
(t2 - t1)

1

(t2 t1), and . . . (Equation 4)

qc = lT A (t2 - t1) (Equation 5)

EXAMPLE Na. 1

To illustrate- the use of the conduc-
tion equathan, suppose a' 4' x 8' sheet
of 1/2-inch thick plywood has surface
temperatures of 100°F and 70°F. Evaluate
the heat conducted through the panel.

The then* properties of the ply-
wood are: k = 0.86

C = 1.60
r = 1.25
R:= 0.625



The heat conducted in Btu/hour may
be calculated by either equation Cl.),

(2), (4) or (5):

=
rkA

(lit) =
0.8(4x8) (100-70) 1536 Btu

0.5 /hr

qc: = CA (iit) = 1.6(4x8) (100-70) = 1536 Btu

r

A 1 (4,03)

qc= L (at) 1:76-775- (100-70) = 1536 / ttit

q = !RI (at) = A---15 (100-70) = 1536 BAI:rti

2, Cas1DUCIICN W FLOW THR3UGH octvosreE
vaLT1

If structural components, were made
of single homogeneous materials, equa-
tions (1) , (2), and (4) amid be adequate
to estimate conduction heat flow. Mast
wall partitions, however, are composite
walls. That is, they are constructed of
two or more materials as shown in Figure
9.

COMPOSITE WALL

t2

r '

do

BTU/HR.

A
---iti-t2) L

L

RI*142

HEAT FLOW BY CONDUCTION

FIGURE 9. Definition sketch for a
composite wall.

The procedures for estimating heat
flow through a composite wall follow:

The total thermal resistance (I r)
of the oompoilie trail is the sum of the
resistance of each component of the wall.
In equation form

Rr = + R2

= + LA2 - (Equation 6)

By Placing the total thermal resis-
tance into the conduction equation, the
conduction heat transfer through a
composite wall is

1
qc=i0(4t) . (Equation 7)

Another way to write equation 7 is
to let U = 1/R; then

qc = UA at) (Equation 8)

where U = overall heat tKansmission
coefficient, Btu/hr x ft 4 k

=determining the overall thermal
resistance of avail, it is only neoes-
sary to add up the resistances of each
component in the van. Fortunately, the
total thermal resistance and overall
thermal transmission coefficients are
tabulated for many partition construc-
tions.*

*From Table V.

r.
ow 4,
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The following example will
illustrate how to evaluate overall
transfer coefficients and heat flow
through composite

EQMPLE NO. 2

Evaluate the conduction heat
transferred through a 8' x 10' wall
section oomposed of 3/4 -inch wood
siding, 3 1/2-inches fiberglass
insulation and 1/2-inch gypsun
board (Figure 10).

Outside temperature (t,) 10°F.
Inside temperature (tiy 68°F.

R-Values *

Outside film
Wood siding
Sheathing
Insulation
C6/psum board

Inside film

FtT

*From Table V.

0.17
0.81
1.32

11.

0.45
.68

14.43

IQTE: There is a small amount
of resistance clue to the air
film on both We outside and
inside surface of materials.

qc = UA (at)

Rr= Ro + Rsh + Rwood + Rinsul +

Rg + Ri = 0.17 + 1.32 +

0.81 + 11.0 + 0.45 0.68 =

14.43

Thus U= 1/RT = 1.14.43 - 0.069

and qc = 0.069 (8x10) (68-10) =

321 Btu/hr.
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%in. WOOD SIDING

3%in. FIBERGLASS
INSULATION

OUTSIDE
AIR FILM

YP$
BOARO

UM

ASPHALT
MPREGNATEO
SHEATHING

INSIDE AIR FILM

41-ti =68°F
t2 =10°F

FIGURE 10. Sketch of wall section for
conduction heat flow through a
composite wall.

Using Table V, the overall heat
transfer coefficient is U-0.081. The
discrepancy between UcacuLated
(.069) and U tabulated (0.081) is
that the tabulated values account for
the difference in thermal resistance
at the studs and between the studs.
The tabulated U-Value is ths weighted
average of the U-Values at and
between the studs.

TO illustrate the value of
insulation, consider the same
composite wall, but remove the
3 1/2 inches of insulation. Now
the insulation is replaced by a
vertical air space which has a
resistance of 1.01 and

RF = Rsh %val. Rair Ri

= 0.17 + 1.32 + 0.81 + 1.01 +
0.45 + 0.68 = 4.44

and U = 1/R = 1/4.44 = 0.23

and% = UA (at) = 0.23 (8x10)
(68-10) = 1044 Btu/hr



Note that by removing the
insulation, the heat flag by
conduction through the wall

increased from 321 to 1044 Btu/hr.
The heat loss increased by a
factor of 2.25.

EXAt4PLE N3. 3

To illustrate the influence of
indoor temperature upon heat loss
fran a building, consider again the
insulated wall section with U
0.069. Compare the heat flow
through the wall for an outdoor
temperature of 10°F and inside
temperatures of both 60°F and 72°F.

At 60°F, qc = UA (et) = 0.069 (80)
(60-10) = 276 Btu/hr.

AT 72°F, qc = UA (At) = 0.069 (80)
(72-10) = 342 Btu/hr.

By increasing the indoor
temperature from 60° to 72°F, dt
increased and thus increased the
heat loss through the wall by 66
Btu, hr, or by 24 %.

3. INFILTRATION HEAT IDS= OR
GAINS

Outside air enters a residence
through many unplanned cracks in
walls, doors and windows. This air
movement is called infiltration.
Since infiltration air is seldom at
the temperature of the air inside
the living area, it must be warn
or cooled. This fact, of course,
represents a heat loss by the house
during cold weather and a heat gain
by the house during warm weather.

In estimating infiltration heat
flow, it is necessary to estimate
first the volume, or cubic feet, of
air which flows into the building.
die quantity of air flow is dependent
upon many factors, including the
limber and sizes of cracks in the

40
structural components and the out-
side wind speed.

There are two basic methods for
evaluating the infiltration air
volume. One method requires that
the crack widths and lengths and
the wind speeds be estimated where-
upon air flow can be evaluated.
Another method is the air exchange
method. In this method, tabulated
values of the number of air changes
occurring per hour are used for
typical residential rooms. Typical
air exchange values are given in
Table VI. Note that an air exchange
rate of 1.0 per hour indicates that
the air flow into the roan per hour
equals the volume (length x width x
height) of the roan.

151t.

20ft.

=1111

FIGURE 11. Plan view for infiltration
volume illustration.

In residential construction the
air e method is sufficiently
accurate r infiltration volume
calculations and is much simpler
than the crack length and width
method. Thus, the air exchange
method will be used exclusively in
this text.

EMMPLE N3. 4

To illustrate the air exch
method, estimate the tration
aiThre for the simple house
plan show in Pigure 11, if the
ceiling height is 8 feet and if the
wincbws are not weatherstripped or
storm sashed.
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The infiltration air volume for
each roam is estimated by the
formula:

Infiltration volume = Q. = Air
exchanges x room volunel

For roam (1): Q. = 1.5 (15x15x8)
= 2700 cu. ft/Ar

For room (2): Q. = 1.0 (15x20x8)
= 2400 cu ft/ht

For roam (3): Q. = 2.0 (20x25x8)
= 8000 Cu ft/ht

For whole
house: Qi = 2700 2400 +

8000 = 13,100 cu ft/hr

Once the estimate of the volume
of infiltration air is obtained,
the energy required to heat or cool
the air to the temperature of the
living area can be calculated by
the formula:

qi = (0.018) 10i. (to - ti) . .

(Equation 10)

Infiltration heat losses can
row be illustrated by considering
the house in Figure 11 and equation
10. The infiltration heat loss will
bb calculated when the outside
temperature is 10°F and the living
area temperature is 65°F.

qi = (0.018) Qi (to - ti)

= 0.018 (13,100)(65-10)

= 12,970 Btu,/hr

Notice that by weatherstripping
the windows or adding storm windows,
the infiltration heat loss could be
redu&ad by 1/3, or

qi = 2/3 (12,970) = 8,650 Btu/hr
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4. VINITINTION MAT !Alf& OR
GAINS

The heat losses and gains due
to ventilation air are evaluated in
the same manner as infiltration heat
losses and gains except the volume
of air.entering the building is
different. That is

qv= 0.018 (Qv) (AL) . . .

(9guation 11)

where = ventilation heat loss
v or gain, Btu/hr

0_, = ventilation air volume,
" cu ft/hr

The ventilation air volume for
residences is usually very small as
=pared to infiltration air volume.

Table VII gives typical venti-
lation air volumes.

In most single family residences
the air exchange obtained by infil-
tration satisfies the ventilation
requirements. If this is the case,
the ventilation heat loss or gain is
taken care of in the infiltration
heat loss calculation. If supple-
mental ventilation is provided,
simply determine the volume of air
introduced by the ventilating fans,

Qv, and substitute Qv into Equation
11.

5. RADIATION HEAT LOSSES OR GAINS

Radiation heat flow is far more
important in cooling applications
during warm weather than in Bating
applications during cold weather.
Thus, our primary concernwill be to
estimate solar radiation heat gains
during warm weather.



Solar radiation heat gains in
residences may be oonveniently
divided into two categories:

1111/ a. Opaque Exterior Surfaces.
b. Windows and Transparent

Surfaces,

a. Opaque Exterior Surfaces

When solar radiation strikes a
building roof or wall,.it increases
the temperature of the building
surface to a level above the out-
side temperature. ffii-Increased

surface teaperature thus changes
the temperature difference between
the inside and outside wall surfaces.
Recalling the conduction heat
transfer equation, q, = UA (t, - t;),
an increase in t,woUld increase
the ooLduction hat transferred
through the wall or roof.

A convenient method for account-
ing for the solar radiation heat
load in a building is to use an
equivalent air teRperature called

11111

the sol-air temperature. Sol-air
temperature is the equivalent out-
door air temperature vilich would
yield the same heat transfer through
awn by conduction alone as that
transferred due to the conduction
heat transferred under the actual
outdoor temperature and solar radia-
tion. By using the Toi-air tempera-
ture, t., instead of the actual
outdooetemperature, t,, the combined
conduction and radiatitin heat trans-
ferred through opaque surfaces is
estimated by equation (12):

qcr = UA (te ti) . . (Equation 12)

The design sol-air temperature
is dependent upon the solar radia-
tion intensity. Thus, sol -air

temperatures are dependent upon the
time of the year, geographical
Location, the orientation of the
surface (N, S, E, W), the inclina-
tion of the surface (horizontal or

410
vertical), and the color of the
wall. The wall color is significant

since dark colored walls absorb
larger quantities of solar radiation,
whereas lightly colored walls tend
to reflect a large portion of the
incident solar radiation. Typical
values of sol-air temperatures are
given in Table VIII for a latitude
of 40°N on July 21.

Table VIII illustrates vividly
the effects of surface color,
orientation and inclination upon
sol-air temperatures. For example,
at solar noon, when outside air
temperature equals 90 °F,
temperatures of vertical surfaces
varied from 96 to 112°F dependent
upon orientation. At the s'ie time
the dark colored vertical surfaces
experienced sol-air temperatures
between 103 and 134 °F. (beparison
of sca-air temperatures for hori-
zontal surfaces at solar noon
indicates a difference of 172 - 127 °F,

or 45°F, between dark and light
colored surfaces.

LAMLE ND. 5

Estimate the total heat trans-
ferred through an 8' x 10' vertical
wall section at 4 p.m. on July 21.
Assure the wall has an overall heat
transfer coefficient of 0.02, west
facing orientation, is lightly
colored, and is located at 40 °F
Latitude. Also assume an inside
air temperature of 75 °F and an
outside air temperature of 94 °F.

cicr = UA (te ti)

= 0.02(8x10)(131 -75)

cicr = 89.6 Btp/hr
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b. Windows and Transparent Surfaces

Solar radiation affects the heat
gain through transparent surfaces in
two ova . First, the combined

on heat transferred is
increased by the surface heating of
the outside of the glass. Thus,
the heat transferred by conduction
is a function of the difference
between sol -air temperatures and
inside air temperatures. Second,
is the solar heatga.in inside the
loan by transmission. In summary,
the total heat gain through glass
areas equals the heat flow due to
indoor-outdoor temperature differ-
ences plus the radiation transmitted
through the glass.

The heat gain due to conduction
is dependent upon the sol-air
temperature, the indoor temperature,
the overall heat transmission
coefficient of the glass and the
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glass area. The solar heat gain
by transmission is dependent upon
the intensity of solar radiation,
the orientation of the glass area
with respect to the North, the
degree of shading and the trans-
mission coefficient of the glass.

6. ENERGY LOSSES AND GUNS FROK
EQUIPMENT ()PERIM:1+1

Heat is given off by many
appliances and equipment, such as
refrigerators, stoves, washing
machines, dryers, freezers, dish-
washers and lighting fixtures.
This energy should be considered as
advantageous to heating and may
even reduce the size of your
heating systan. On the other hand,
heat producing equipment adds to
the cooling load.



C. Estimating Heating Loads in Buildings

c completion of this section
you will be able to estimate the
heating load for a bud using
the tables at the end-of tKis sec-
tion and calculating the heat flaw
in Btu/hr. General procedures are
as follows:

1. Find the thermal resistance (R)

and the overall transmission
coefficient (D=Ifit) for the
walls, ceilings, roof, windows
and floors from working
drawings and/or tables.
Excerpts are given in Tables
11 aryl E.

2. Calculate the surface areas of
the walls, ceiling, floor,
windows and doors in each roan
of the building.

3. Find the design temperatures
for tie outside air and ground.
Excerpts are given in Table II.

4. Establish the desired inside
air totperature.
Generally 68-°F, winter, and
78°F, saner.

5. Calculate the heat loss
cond-uction through each
caiponent of each roan using
(in = (A (At).

6. Calculate the conduction loss
from each roan by adding losses
through each component.

7. Calculate the total conduction
heat loss from the buifding by
adding the conduction losses-
frcm each room.

8. Estimate the infiltration heat
loss Iran each =cm using

= 0.1318 Qi Of)

9. Calculate the total infiltration
loss by adding the infiltration
Tosses from each roam.

10. Calculate the heat loss from

t to
oonduction and Infiltration
(or ventilation) .

11. Estimate the seasonal heating
load.

P-oTrow procedures under Section
7.

=AMPLE M. 6 CAICULATING HEATING
LOAD

The building used in this example
has been kept very simple in order to
emphasize procedural details rather
than construction details (Figure 11) .

Data and calculations are
reoordel in Worksheet 1 to help you
understand haw to do a lAbrksheet of
your awn from a new or existing
building.

Estimate the heating load for
the building plan shown in Figure
11. It is described as follows
(see Worksheet 1):

- The house is to be located near
Philadelphia, Pennsylvania.

- The design indoor temperature is
65°F in all roans.

- The house rests on a 4-inch
concrete slab on grade with 1-inch
thick perimeter insulation (k
0.24) around the entirThb.

- The exterior walls are of 2" x
frame construction with staTs6
inches o.c. The space betueen
studs is filled' with 3 1/2 inches
of insulation with an R-value of
11. The inside of the-Villis
o7vered with 1/2-inch gypsum
wallboard, while the outside is
sheathed with 1/2-inch asyhalt

bed wallboard
1/2 x 8-Inch wood siding.
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- The interior walls are uninsu- 6. Calculating Tbtal Heat Flow.
lated and have 1/2-inch gimps=
wallboard on each surface. 7. Estimating Seasonal Heating

Load.
- The ceiling construction consists
of 112-inch gypsum wallboard, and 8. Comparing Energy-Saving
2" x 8" ceiling joists (16" 0.c.). Practices.
The space between the joists are
filled with 6 inches of R.-19

blanket insulation. 1. DETERMINING THERMAL RESISTANCE
MALUES) AND OVERALL TRANS-- The roof has a slope of 1:3 and (R-

is constructed of 2" x 4" russral COEFnazirs (U-VALUES)

rafters, 16 inches o.c. and
owered with 5/8-inch plywood These values are discussed under

sheathing, felt building paper, the following headings and recorded

and asphalt shingles. Worksheet 1:

- The windows are all 36 x 60
inches in size and are doubly
insulated glass, 0.125 inches
thick with 0.25-in air spaces.

- All doors are of 1.5-inc'; thick

mod construction without storm
doors. The dimension of each
door is 36 x 80 inches.

- The ceiling height is 8 feet.

- All doors and windows are
weatherstripped. Proceed as follows:

a. Walls.

b. Ceilings.

c. Floors.

d. Windows.

e. Doers.

a. Walls

SOLUTION:

Follow steps given under the
following headings and observe the
recorded values in Worksheet 1.

1. Determining Thermal Resistance
(R -Values) and Overall Trans-
mission Coefficients (U-Values).

2. Determining Areas of Building
Components.

3. Determining Design Temperatures.

4. Calculating Heat Flow by
Conduction.

5. Calculating Heat Flow by
Infiltration.
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1. Find U-Value from Table V.

U-Value (Avg.) = .081
Note recorded in Worksheet 1.

2. Compute R-Value.

1
R-Value = 12.35

b. Ceilings

Ptoceed as follows:



1. Find U-Value for roof from
Table IX. The ceiling and roof act
in combination in determining the
heat loss through the roof area.
Table DC gives the U- and R.-Value..
for a pitched roof (with a 450
slope) with reflective and non-
reflective air spaces. This example
building has a slope of 1:3 (approxi-
mately 200), a non-reflective air
space between the roof and ceiling
and 6 inches of insulation (R-19).

For the roof with non-reflective
air space and ro insulation, U-0.273
(From Table IX, for winter condi-
tions with heat flow up).

2. Find ceiling- -roof combine-

tion with insulation (R-19) from
Table X.

(1) Enter Table X with a U-Value
of 0.273 or approximately
1.130 in the first colunn.

(2) Proceed to the right to the

column most nearly corres-
ponding to the installed
R.-Value of insulation
(R-A20).

(3) Read directly the overall

transmission coefficient
of the roof - ceiling cambina-

Uan.

U - 0.04. Thus, R = 1/.04 =
25.

Note U -Value recorded in
Worksheet 1. By using the
roof-ceiling combination for
the WAralues, the design out-
side and inside temperatures
can be used in future heat

loss calculations. It is not
necessary to evaluate the

attic space temperature. If

the attic is well ventilated,
use the R -Value for the ceiling
construction and outside design
air temperature.

c. Floors

The Pr-Value of the floor in this
problem is not required since Table
XI allows direct estimation of the
floor slab heat losses in Btu/hr as
a function of linear feet of
exposed slab edge and outdoor
design temperatures (See Figure 11).

It is given in Btu/hr per linear
foot of exposed edge.

Proceed as follows:

1. Assume outside design tempera-
ture of -10 to -20 F.

2. Find heat loss in column 2 for
1" edge insulation (Table XI).

50 Btu/(hr -Ft)

d. Windows

Proceed as follows:

1. Find U-Value for double insu-
lated .25 inch air spiace in Table XII.

Double insulated, ro indoor shade,
winter:

U-Value = 0.58.
Note recordings in Worksheet 1.

2. Compute R-Value.

R-Value = = 1.72.
0.58

e. Doors

Proceed as follows:

1. Find U-Value for 1.5-inch doors
without storm doors in Table XIII.

UValue = 0.49
Note recordings in Worksheet 1.
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2. Ccmpute R-Value.

R-Value = 74c1N = 2.04

2. DETERMINING AREAS OF BUILDING
crisoNENTs

Assume that all the rooms are to
be kept at the same temperature.
Then there will be no heat transferred
through interior walls, and it is
necessary only to calcUlate the area
of the exterior walls. 'lb illustrate,
find the required areas for roam 3
in Figure 11 as follows (See Mork-
sheet 1):

1. Ccupute exterior wall area
(Roam -3).

25' x 8' - 3' x 6.67' = 180 ft?

25' x 8' - 3'x5' - 3'x5' = 170 ft?

20' x 8' - 3' x 5' = 145 ft?

Tbtal 495 ft?

2. Compute ceiling area (N= 3).

20' x 25' = 500 ft?

3. Compute window area (Roan 3).

3(3' x 5') = 45 ft.

4. CcoRute door area (Roan 3).

3' x 6.67 = 20 ft?

5. Compute exposed slab length
(Roan 3).

25' + 20' + 25' = 70 ft.

6. Calculate areas for other
rooms in the same manner.
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3. DETERMINING DESIGN TEMPERATURES

1. Select inside design tempera-
ture (t.). For this example use
65 F. Many designers use 68°F.

2. Select outside design
temperature (V. Outside design
temperatures for Philadelphia, PA
are given in Table II. Two winter
design conditions are given; one
under the 99% column and one under
the 97.5% column. These percentages
are the percentage of the total
number of hours during the months of
December, January and February that
the listed temperature is exceeded
in an average year. For a resi-
dential building, the 97.5% design
temperature is usually adequate.

Thus, the outside design
temperature, is 14°F and
ti - to = 65-14 = 51°F.

4. CALCULATING HEAT FUN DY
CONDUCTION (qe)

Proceed as follows (see Work-
sheet 1): (Calculations are shown
for roan #3 only.)

1. Find heat flow through walls
(Roam 3) .

qc (walls) = U (wall) A ( wall) (ti-to)

qc = .081 x 495 x 51 = 2045 Btu/hr

2. Find heat flow through
Zgiling (Roan 3).

qc (ceilings) Ig U (ceiling-roof)
A (ceiling) (try

qc = .04 x 500 x 51 = 1020 Btu/hr



3. Find heat flow through floor
(Imam 3).

qc (floor) = factor frail Table XI
x exposed length of slab

qc = 50 x 70 = 3500 Btu/hr

4. Find heat flow through
windows (kxma3).

qc ( windows) = U (windows) A (windcms)

(ti - to)

go = 0.58 x 45 x 51 = 1330 Btu/hr

5. Find heat flow through
doors (Romm10.

go (doors) = U (Doors) A (Doors)

(4.- to)

qc = 0.49 x 20 x 51 = 500 Btu/hr

6. Find total heat flaw through
aach roam.
From steps 1, 2, 3, 4 and 5:

For roam 3, 2045 + 1020 +
3500 + 1330 + 500 = 8395
Btu/hr.

NOTE: The values for roams 1
and Tare obtained in the same
manner as those for roan 3.
the values are summarized and
listed in worksheet 1.

7. Find total heat flow by
oonductioniamlbuilding.

Add heat flow for each roan.

qc (roan 1) = 4959'

gc (room 2) = 3936

(lc (roan 3) = 8395

Total go = 17,290 Btu/hr

S. CALCULATING HEAT ROI BY
INFILTRATION

Calculate the infiltration heat
Lasses from each roan as follows
(see Worksheet 1):

1. Find air exchanges n
Table VI. Use 2/3 since windows
affirm sashes (Table VI) .

Qi (Room 1) = 2/3 (1.5) (4 x 15 x 8)
= 1800 ft /hr

Qi (Room 2) = 2/3 (1.0) (15 x 20 x (5)
= 1600 ft3/hr

Qi (Room 3) = 2/3 (2.0) (24 x 25 x 8)
= 5360 ft3/hr

2. Find heat flow by infiltra-
tion for each roam 4):

gi = .01801 (at)
qi (Roam 1) r. .018 (1800) (51)

= 1652 Btu/hr
qi (Roam 2) = .018 (1600) (51)

= 1468 Btu/hr
qi (ROOM 3) = .018 (5360) (51)

= 4290 Btu/hr

3. Find total heat flow by
infiltration

Add heat flow from each roam:
1652 + 1468 + 4920 = 8040 Btu/hr

6. CALCULATING TOTAL HEAT FLOW

Add heat flow by conduction and
heat flow by infiltration.

qc = 17,290
qi = 8,040

q = 25,330 Btu/hr

NOTE: A blank Worksheet 2 is
provided for you to calculate
heat flaw from your own new or
existing bui (in the

student workbook .
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WORMED? 1. MT nom clown=
Overall last Transfer Coefficients (U)
exterior MU 0.001 litufitr-fti-T
Coiling-ME CtaT:04 Stu/hr-ft2-or
Floors WA 'Wm.-if"
Slabs 50 lltufra-ft
Ilintur0.58 Iltu/hr-ftz-V
More 011ritu/hr-ftZ-*P

M-16(ti) 65P

Outside ?ageratum (to) 147

TAITI011iSSial
0.111ding Coefficient

lban Clacomot (U)

Surface
Area Dif ference

(A) (ti-to)

Conduction
Losses

tio=114( t)

Mr
Do:hangs

Infiltration
Rate
(C/i)

infiltration
Losses

gr.018W t)

Ext. balls
Ceilisg-zoof
Plow

1 Slab
Windom
Doers

'TOTAL 1104 LOBS

.081

.04

50*
.58
.49

330 51

225 51

45*
30 51

0 51

1363
459

2250*
887

0
193f 1.5 1800 1652

Ext. belle .081 26 51 1074
Ceiling-roof .04 3000 51 612
Flom

2 Slab 50* 35* 1750*
Windows .58 0 51 0
Mors .49 20 51 500

TdTAL ReCe4 LOBS 70'S 1.0 1600 1468

Ext. walls .081 495 51 2045
Cei 1 ing-roof .04 500 51 1020
no= - - -

3 Slab 50* 70* - 3500*
Windows .58 45 51 1330
Dom .49 20 51 500

?Urn RION ILISS WM 2.0 5360 4920

r. LOSS Per 7777'7

Ibtal Candmtion Ices = 4959 + 3936 + 8395 = 17,290 Dtu/brr.

Ibtal Infiltration loss = 1652 + 1468 + 4920 = 8,040 Btu .

Total sleet loss = 17,290 + 8,040 a 25,330
M



7. ESTIMATING SFASCHAL HF:AT LOAD

The procedures described and
illustrated thus far allow computa-
tion of the heat loss from a building
when the outdoor temperatures are at
the design, or some other if ic*

temperature. This occurs far nonly a
few hours, or instants, during the
heating season. The seasonal heat-
ing load can be estimated by evalu-
ating heat losses on an hour by hour
basis. HOwever, this procedure would
be too time consuming. Instead, an
approximate method known as the
Degree-Day Method has been recommended
by MIME for predicting seasonal
heat losses and fuel consumption.

The Degree Day Method estimates
seasonal heating loads by assuming
there is no heat loss or gain when
the outdoor temperature is 65°F and
then predicting from weather data the
number of hours in the heating season,
for which the outdoor temperature is
below 65°F. The total number of
hours for which the outdoor tempera-
ture is less than 65°F is called the
number of Degree Days for the
building location. The number of
degree days is dependent upon climate.
Typical values are summarized for
several locations in Table II.

The seasonal heat loss is esti-
mated by the equation:

qL x D x 24

qs = bbt

where q, = seasonal heat loss* Btu
q = heat loss at design

temperatures* Btu/hr
D = number of degree days, F.

days
Ot = design temperature differ-

ence, °F
24 = 24 hour day

'lb estimate the fuel consumption
during a heating season, the heating
value of the fuel and several
efficiency factors Trust be applied
to the seasonal heat loss value,

C.F
E =

C x
xv

where E = seasonal fuel or energy
consumption
correction factor heat
Loss differences
correction factor for
partial loads for fuel-
fired systa. (Use 1.0
for electric resistance
heating.)
rated full load efficiency
of heating equipment
(decimal value).

v = heating value of fuel in
units consistent with
E and qs. (Btu/gal,

Btu/cu. ft, Btu/kwh)

CD

CF

Y

Suggested values of C6 and Cr are
found in Tables XIV and XV. Full
load efficiencies are usually between
70% and 80% and are available from
manufacturers.

EXAMPLE NO. 7. SEASOML HEAT TOAD
ESTIMNTICN.

Consider the same situation
described in Exanple Problem No. 1.
Assume the heating system has a
capacity of 30,000 Btu/hr.

Step 1: Evaluate the seasonal heat
loss.

qs = q 24

t
q = 25,330 Btu/hr (From Examplt.

Problem No. 6, worksheet 1)
D = 5144 degree days (Table II)
t = 65°-14° = 51°F
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25,330 x 5,144 x 24Thus qs -

= 61,300,000 Btu/season.

Step 2: Evaluate the tity of
fuel recLuired heating
season.

E = qs CD x Cr
y X v

C.0 = 0.83 (Table nv at 14°F
design teftperature).

CF = 1.56 (Table XV for 25% over-
sized heating unit.)

y = Efficiency .75, fuel oil;
1.00 elect;icity. .

v = 800 Btmat' gas.
v = 144,000 Btu/gal fuel oil
v= 3,413 Ettu,/leah electrical

energy.

7bus the estimated quantity of fuel
consumed is

E= 61,300,000 I0.83 x 1.56,
'0.75 x 800

132,000 cu. ft. gas.
,E= 61,300,000 (00.83 x 1.56

.75 x 144,000/
735 gal. fuel oil

E= 61,300,000 (0.83 x 1.56,
1.0 x 3413.1

23,250 MI electrical energy.

8. COMPARING ENERGY-SAVING PRACTICES

It is often desirable to compare
the energy savings realized by an
energy-saving practice. This section
outlines and illustrates the
procedures for comparing the effect of
various practices.

The house in Example No. 6 will be
used to oartpare the energy consuftption
for the house specifications as given
and for the sane house without any
insulation or weatherstripping. All
the calculations will not be shown for
the unin.sulated house. Instead, the
entries in Worksheet 1 which are
affected by the modification in specs
will be crossed out and replaced in
longhand with the correct values.
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Basically two items rust Ile
corrected for the modified houqe
specifications; namely, the trAns-
rd.ssion coefficients for the wall.:,
ceilings, and slab and the air
exchange rates. These correction;
along with their consequences are
suarnarized in Worksheet 2.

EXAMPLE IX). 8: COVARING EteRGY-
SAVIIC PRACTICES

1. Evaluate the design eat loss
for the modified 'floatage (no
insu?.ation or weatherstripping) .

(1) Change e:ctericr wall.
transmission coefficient
to 0.206 (Table V).

(2) e cei -roof trans -
ciissi latent to
0.273 (Table IX).

(3) Change slab
actor.-6o

)ki t

(4) Calculate new conduction--"----treentries.

(5) Calculate new total conduc-
ti loss entry.

(6) Change infiltration rate to
va uAv.--'r---Zrrlin 7' e

VII.

(7) Calculate new infiltration
loss entries.

(0) Calculate new total infiltra-
tion loss entry.

(9) Evaluate total heat loss.



2. Evaluate the change in the
seasonal heat loss, qs

(1) Fbr the insulated, weather-
stril.-. qs=
61,311,000 Bturseason.

(2) Fbr the uninsulated, non-
stripped building,

49,925
qs= x 61,300,000

122 million Btu/season.

(3) The increase in heat loss is
122-61.1, or 60.7 million
Btu/season.

This represents an increase
of 60.7

ml = 99%.

3. Evaluate the change in the
quantity of fuel required per season.

Use fuel oil for the illustration.

(1) Bar the insulated, weather-
stripped building.

E = 735 gallons fuel oil/
season.

(2) For the insulated building,

E = 122,000,000 ( 0.83x4.1401

= 1535 gallons fuel oil/season

(3) Find the increase in fuel
oil consumption.

1535 - 735 or 800 gallons.

The annual cost of fuel for
heating for the current season can
be evaluated by multiplying the
seasonal fuel consumption, E,
by the unit cost of the fuel.
Similarly, the current year
savings in fuel cost is simply the
change in fuel consumption times
the unit fuel cost. In the illustra-
tion just completed, if the cost of
fuel oil is $0.50 gallon, the addition
of insulation and weatherstripping
would reduce the annual cost for
heating fuel by 0.50 (800), or
$400. Of course, as fuel costs
increase, the dollar savings will
also increase.
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WORSE= 2. ICAT Flag CALCIATIoNS

0Pogwall Heat Transfer Coefficients 0.0 = Tarmparatures
Metier .200

'mature
(4) 65F

Ceiling-1We 8b4 -ft2-*F a r3
Floss WA IltUfror4, F Outside Teszeature (to) 14*F
Slabs,50-11tulbr-ft 4 4
Windcas-0.58 leap/Is-ft2-
Doors 0.PiTta/br-ft2-*F

Room

Transmission
Building Coefficient
Caapcoint

Airfare
Area

leap.
Difference

(ti -to)

Conduction
losses Ait

watt( t) Mb/age

Infiltration Infiltration
Rate losses
02i) qr.0183i( t)

act. malls 4.001:AmIX. 330 51 1363 366 7
Ceiling-roof 04 .273 225 51 .4W WSJ
Floor - - - -

1 Slab AP 60 45* - .3250* 427ee
Windows .58 30. 51 887
Doors .49 0 51 0

TWAL ROOM LOGS 315,1Av is(.. i.s ..zeorA 700 j.652 ostx

Da. walls ..081.20 760 51 j9,4 2 73/
Ceiling-roof .00 .2 73 300 51 432 4$ /FF
Floor -

2 Slab .$6 6* 35* - 1750* aleav
Windows .58 0 51 0
Doors .49 20 Si 500

TM% M014 LOSS JIM ?s ogi 1.0 Joe *Way 3.466.4403

act. molls .oe.2*i. 495 51 .2945 SAlacs

Ceiling-roof AO* 2n 500 51 1920 di,ia.
Floor

3 Slab .80* 6e 70* - MOO 4t Aso

Wirdon .58 45 51 1330

Doors .49 20 51 500

TCPTAL :JCS DOSS 43,5" 2.0 .5360 fe°42 AMISS°

*Slab lass - Factor from Table XI x Emposed Peciseter length.

Total 03nductice loss = 4839 3096 3895 st17721011 Stufts. /4/107 4 Igrok 1-(4f,41. s. 41?"? 86g_ /4

Total Infiluatiat lass = 1102 .1488 MO Daa/hr. sr, 4 .a %fig * 7: psi == aaS giht/Ar. gt

Total Heat loss 321-290 SOSO 2&T330 V W*; fa" f/, *A Oaths /4.. co)
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D. Special Applications for Estimating Cooling Loads in Buildings

Cooling loads in buildings differ
from instantaneous heat gain calcula-
tions because of flywheel effects.
That is, some of the heat gained
during the hottest portion of the day
is stored in the building furnishings,
walls and partitions and need not be
removed until sometime later when

the outdoor temperatures are lower
and the instantaneous heat gain is
smaller. Numerous techniques have
been devised to account for this
flywheel affect when calculating
residential cooling loads.

Cooling loads are estimated by
evaluating sensible cooling loads
due to: (1) heat gain through
floors, walls ceilings; (2) windtes:
(3T infiltration and ventilation ig
exchange; and (4) comparic,. Then
the latent coolingloaf (that
required to control and remove
excaas moisture) is evaluated. A
rule of thumb is to assume the
latent cooling load is 0.3 times
the sensible cooling load.

To help you understand the
difference between heating loads
amacooling loads, discussion
iS given uriaer the following
headings:

1. Cooling Load Due to Heat
Gain Through Walls, Floors,
Roofs and Ceilings.

2. CColing Load Due to Windows.

3. CColing Load Due to
Infiltration.

4. CColing Load Due to Occupancy.

5. Latent Cooling Load.

6. Total Cooling Load.

1. COOLING MAD DUE 10 HEAT GAIN
THROUGH WALLS, FLOORS, ROOFS

The coolingcooling load due to heat gain
through struct.tral components may be
calculated by using an equivalent
difference between the inside and
outside temperatures in place of the
actual indoor-outdoor temperature
differences. Typical values of
Equivalent Temperature Differences
(em) are given in Table XVI. The
ETD takes into account such factors
as sol-air tures, construction

eficts, and
.y temperature ranges, and outdoor

aesign temperatures. The coonh
load due to structural components is
obtained using equation (13):

qcs = UA(ETD) . . . Equation (13)

Tb enter the table of ETD's, one
must obtain both the outdoor design
temperature and the range of daily
temperatures for the building site
(Table II). ETD's are given in 5°F
increments of design temperatures
from 85°F to 110°F treble XVI).
Daily temperature ranges are given
for 3 conditions: I(0-15°F),

M(15-25°F), and Mover 25°F) . ETD's
for design temperatures not listed
can be obtained by adding 1°F to
the tabulated value for each degree
increase in design temperature. For
this problem, walls are all assumed
to be dark walls in Table XVI.
Roofs, on the other hand, may be
either dark or light colored.
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2. COOLING LOAD DUE TO WINDOM

The equivalent temperature
difference concept has also been
adopted to simplify cooling loads
due to heat gains through window
areas. Typical values of equivalent
terriperature differences (ETD) are
given in Table XVII. The ETD's are
given for 4 types of glass (regular,
single glass, regular double glass,
heat absorbing double glass, and
clear triple glass, 6 design tempera-
tures (85 to 110°F), for 8 compass
points S, E, W, etc.), and for 4
window treatments (no drapes,
draperies, roller Shades, and
awnings). The ETD's are basedqpon
an indoor temperature of 75°F.

The cooling load for windows is
then calculated using equation 13,
as was done for walls.

Permanent shades, such as over-
hangs, will reduce the cooling load
due to windows. Shaded windows are
considered as North-facing windows
to get MD's. Most permanent shades
will shade only a portion of the
window area. Thus, it is necessary
to determine the extent of shading,
or the shade line, for each window.
Table XXIII gives typical shade line
factors for several latitudes and
window orientation. The shade line
will extemldomward over the
shaded wall for a distonce equal to
the shade line factor aroniTable
XVIII) times the overhang width.

The shaded portion of the window is
then assumed to be a North-facing
window for its ETD while the orienta-
tion of the remaining portion of the
window is not altered for its ETD.
Note that NE andWfacing windbws
are not effectively protected by
permanent shades.

4l
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3. COOLLC LOAD DUE TO INFILTRATION

Infiltration and ventilation air
exchanges are smaller in warm weather
than in cold weather. The infiltra-
tion and ventilation cooling loads
given in Table XIX reflect this
difference. Infiltration cooling
loads are obtained by multiplying
the area of the exposed wall area
times the factor given in Table XIX
for a specific design temperature.
Ventilation cooling load is calculated
by multiplying the factor in Table
XIX times the cfin capacity of the
ventilation fans. Most residences do
not have mechanical ventilation
systems and rely upon infiltration
for their ventilation.

4. COOLING LOAD DUE TO OCCUPANCY

The cooling load due to occu-
pants and appliances is usually
approximated. The load per occu-
pant is approodnetely 225 Ettl/hr
and the number of occupants may be
estimated at twice the number of
bedrooms unless a lot of large
group entertaining is anticipated.

The cooling load due to appli-
ances in most residences can be
limited to the kitchen and estimated
at 1200 Btu/hr.

5. LATENT MOLTING LOAD

The latent cooling load may be
estimated at 20 to 30% of the
sensible cooling load.

6. TOTAL COOLING LOAD

The total cooling load is the
sum of the sensible cooling load
through the structural components,
windows, infiltration gains, occu-
pancy gains, and moisture removal
(latent cooling load).
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ICIWSIELT 3. CCUING MID ERTINVFXN

Ousts 11 Hit Transaission Coefficients (U)
beberior tame wax: atuirg-Tbr-n,
Cei ling-Rcof 0:1W-6.04 Iltu/hr-fb2-`F
Floors
Slabs SinTbs/hr-ft

atu V
WindowiO.S8 8tm/br-ft2-*F
Doors 0.43-1ku/1r-ft2-*F

Design lesperatPres

Inside Itaperature 75°F
Cutside Itimparatureliin
Mem Daily Range 21V--

4111

fAsilding

am:vent

Heat
Transmission
Coefficient

Area

Conduction

Sensible
Cooling Load

(8/23/hr)

Infil-
tration
Factor

Gross
Exposed
well
Area

Infiltration
Sensible

Cooling load

(MAO

Occupancy
Cooling
Load

(stu/hr)

Ibtal
Sensible

Cboling Load
(Rtu/hr)

1btal
Cooling
load

(atu/br)

Ext. Wills
Ceiling -roof

Floor
Slab

0.081
0.040

.1Mo

330
225

225

18.6
31.0

0

497
279

0
Doors 0.49 0 18.6
Window (N) 0.58 15 17.0 148
Window (W) 0.58 15 56.0 487
Windcw (4 .11. .11.

Window ( )
.1Mo .11.

TOTAL II1T 1.1 360 1650 3457 4494

Ext. walls 0.081 260 18.6 497

Ceiling -roof 0.040 300 31.0 372

Floor
Slab 225 0 0
Doers 0.49 20 18.6 182

Window ( )
.11. .11. Ir

Window ( )
.11. .1Mo

Window ( )

Window ( )
.11.

TOTAL 1.1 280 308 0 1254 1630

Ext. walls 0.081 49S 18.6 746

Ceiling-roof 0.040 SOO 31.0 620

Floor
Slab 22S 0
Doors 0.49 20 18.6 182

Window (N) 0.58 30 17.0 296

Windcw(E) 0.58 15 56.0 487

Window ( )

'draw()
VOCAL 237i 1.1 560 616 0 2947 3831

TYFAL amnia uapa 4494 1630 f 3831 9,955 etu/hr
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E. Estimating Cooling Loads in Buildings

The cooling load for a :wilding
can be estimated by using the tables
and calculating the heat gained in

Btu/hr. From this section you will
be able to calculate the cooling
loads in bur Wings. General pro-
cedures are as follows:
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1. Estimate the overall heat
transmission coefficient,
(U), for walls, ceilings,
roof, windows, doors and
floors.

Refer to Tables II, III,
IX, X, XI, XII, and XIII.

2. Figure the surface areas of
the walls, ceilings, floor,
windows, doors and floors on
each roan.

3. Find the design indoor and
outdoor temperatures.

Refer to Table III.

4. Determine the equivalent
temperature differences,
ETD, for each component in
each room.

Refer to Table XVI.

5. Evaluate the conduction
sensible cooling load-
required for each component.

Use equation 13, Qcs = UA (ETD).

6. Evaluate the conduction
sensible cooling load for
each MOM.

Add cooling load for each
component.

. XA
J.

7. Evaluate the infiltration

sensible cooling load in each
roanimming factors in
Table XIX and the gross
exterior wall area and
Mechanical ventilation rates.

8. Evaluate the total sensible
Zcol.-1xe for each man )2u
adding the conduction sensible
cooling load and the Infiltra-
tion sensible cooling loads.

9. Evaluate the total cooling
load for each roan by
increasing the sensible
cooling load per roan by a
factor of 1.3.

This increase accounts for
the cooling load required to
remove moisture from the
residence.

10. Evaluate the total cooling
load by adding the cooling
loads for each room.

EXAMPLE ND. 9. COOL= LOAD
CALCULATION

Estimate the cooling load for the
building plan shown in Figure 11.
Additional features are as follows:

- The house orientation with respect
to North is as shown.

- The roof is unshaded.
- The roof is light color.
- The house eaves are too narroo to

do any effective shading of
window..

- Desired indoor temperature is 75°F.
- All windows have roller shades
half drawn.

- Assume no mechanical ventilation.
- Assume Roan 1 is a kitchen and
house has two occupants.



Data and calculations are
recorded in Worksheet 3 to help you
understand how to do a worksheet of

1111

your aan from a new or existing
building.

SOLUTION:

Follow steps given under the
following headings:

1. Determining Thermal Resistance
(R-Values).

2. Determining Overall Heat
Transmission Cbefficients (U-Values).

3. Determining Areas of Building
Components.

4. Determining Design Tempera-
tures and Mean Daily Range.

5. Finding Equivalent Temperature
Differences (1DErs).

6. Calculating Conduction Sensible
Cooling Loads.

7. Estimating Occupancy Cooling
Loads.

8. Calculating Infiltration
Sensible COoling Loads.

9. Calculating Total Sensible
Cooling Loads.

10. Calculating Total Cooling
Load.

11. Estimating Seasonal Cooling
Load.

12. Comparison of Seasonal Energy
Used for Cooling.

1. DEIMN4INING THERMAL RESISTANCE
(P AK=

Follow procedures under "C.
Estimating Heating Loads in Buildings,"
Example Problem No. 6.

2. DETERMINING OVERALL HEAT TRANS?
mxssmiti COEFFICIENTS (U-VALUES)

These are discussed under the
following headings and given in Work-
sheet no. 3.

a. Walls.
b. Ceilings.
c.

d. Windows.
e. Doors.

a. Wails

U = .081 (Example No. 6).

b. Ceilings

The ceiling and roof heat trans-
mission coefficient is combined as in
the heat load example. However, the
base U -value changes as the heat flow
is now downward instead of upward.

Fran Table IX, U = 0.262.

Fran Table X, U = 0.04.

NOTE that U did not change in
Effliexample between sumner and
Ziier conditions. This is
because the R-19 insulation is
much greater than any change in
R in air spaces between sunnier
and winter rnc1es.

c. Floors

Use Table XI for factor on
function of exposed perimeter
length (See ExampdeProblenNo.
6).

d. Windows

Fran Table XII, U = 0.58
(Exa:ple Problem No. 6).

e. LOOTS

From Table nu, U - 0.49,
(Example Problem No. 6).

3. DETERMINING ARMS OF =DING
OCMPONENIS

Follow procedures in Example
Problem No. 6.
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4. EETERMININV EMIG! TEMPERAIVRES
AND MEW DAILY RAC

Proceed as follows:

1. Use indoor temperature

2. Use outdoor design temperature
(t) = 90°F

The 2.5% dry bulb temperature
listed in Table II is used. This
dry bulb temperature is not exceeded
in more than 2.5% of the total homes
during the months of June, July,
August and September.

3. Find mean daily Jar e of
iemperature in Table II.

Use 21°F from Table II.

5. FINDING EQUIVALENT TEIVERATURE
DIETERENMS (ETD'S)

Proceed as follows:

1. Find ETD's for all conponents
except windows.

Refer to Table XVI. Enter the
table with a design temperature of
90°F, and an M range (mean daily
range of temperature, 21°F which lies
between 15°F and 25°F.)

ETD (Walls) = 18.6°F
EID (Doors) = 18.6°F
ETD (Ceiling-Roof) = 31.0°F
Fro (Floor) = 0°F

2. Find ETD for Windows.

Refer to Table XVII (regular
double glassroller shades).

L'ID (North Facing) = 17°F

MD (East Facing) = 56°F
ETD (West Facing) = 56°F

v
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6. MICULATING CCODUCITCN nNSIBLE
COOLING /DADS

Find conduction cooling loads for
carixments and roans. Proceed as
follows:

1. Use equation No. 13.

qcs = UA (ETD) .

2. Substitute values in forrtula
and ccmpute.

7. IgTIMTING OCCUPANCY COOLUG

For thethe kitchen, Roan 1,
1200 Btu/hr + 2 occ. x 225 = 1650

Btu/hr.

8. CALCUIATING INFILTRATION SENSDIIE
COOLING WADS

Calculate air infiltration cooling
loads for each room. Proceed as
follows:

1. Find factor Table XIX.
lailtration sensible cooling
load (qis) = gross exposed
wall area x factor in Table XIX.

2. Canpute for each roam.

qis(rocm 1) = 1.1 (45x8) = 396 Btu/hr
gis (room 2) = 1.1 (35x8) = 308 Btu/hr
gis(rcatt 3) = 1.1 (70x8) = 616 Btu/hr

See rtiortsheet 3.

9. CALCULATING TONAL SENSIBLE COOLING
IMDS

Calculate total sensible load
for each =cm For example, Roam
Nb. 1:

1. Add conduction sensible load
(Section 6) to infiltration
sensible load (Section 8) and
occupancy load (Section 7).

Roan 1, q = 1411 Btu/hr

Room lt Sys = 3%
Roam 1, qocc = 1650



Total = 1411 + 396 + 1650

= 3457 Btu/hr

Compute for roans 2 and 3.
See Worksheet 3.

10. MICULATING TOTAL COOLING LORD

Proceed as follows.:

1. Add 30% of sensible load for

each room. For example, roornl.

2. Multiply sensible load from
Section 9 by 1.3 for moisture
removal.

TOtal cooling load
for room 1 = 1.3 x 3457

= 4494 Btu/hr.

3. Compute for rooms 2 and 3.

4. Add total cooling loads for
each room.

Roan 1 = 4494
Roan 2 = 1630
Roan 3 = 3831
'Boatel Btu/hr

See Worksheet 3.

11. ESTIMATING SEASONAL COOLING WAD

As with heating loads, it is
often desirable to estimate the
seasonal cooling load for a
residence. Two simple methods are
suggested by ASHME for rough
estimation. They are the (1) Cooling

Method, and (2) Equivalent
IFtrngYHours Method.

The Cooling Degree-Day Method is
similar to the Degree-Day Method for
Seasonal Heating Loads. The
difference is that the number of
Cooling Degree-Days replace the
Heating Degree-Days in the seasonal
load equation:

q x x 24

cisc -"" a t

where
qsc = seasonal cooling load, Btu/

season
q = design cooling load, Btu/hr

= cooling degree-days
a = cooling design temperature

difference, °F.

A cooling degree-day is theoreti-
cally a day during which the outdoor
terrperature is 1°F above the indoor
terperature of 65°F. Cooling degree-
day values are available from the
National Climate Center, Asheville,
North Carolina.

The Equivalent Full-Load Hours
Method is based-upon estimates of the
full-load hours of operation of
properly sized cooling equipment
during normal cooling seasons. The
estimates are based upon local obser-
vations and are summarized in Table
XX. The seasonal cooling load is
estimated by multiplying the esti-
mated full-load hours of operation
(from Table XX) times the cooling
capacity of the air conditioning
system (Design cooling load).

Seasonal Cooling Estimated full-
Load (Btu) = load Hours x

Design Cooling
Load (Btli/hr)

Note that the range of full-load
hours is fairly wide for many locali-
ties. The values in the table are
influenced greatly by the habits and
preferences of the building occu-
pants. Indoor temperature settings,
use of attic fans, use of air condi-
tioning only during the hottest days
and opening windows at night all
have a significant effect upon the
seaz.Jnal energy usage for air condi-

tioning. The values in Table XX are
based upon an indoor temperature of
75°F. Utility company surveys
indicate that residential buildings
will fall near the lower end of the
range.
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EXAMPLE NCI. 10: SEASONAL COOLING
LOAD BeTIMATION

Estimate the cooling load for
the residence in Example No. 2:
Cooling Load Calculation.

1. Evaluate the design cooling
load.

Design cooling 9,955 Btu/1'1r

load = (Ex. ProblenNo. 2)

2. 'Estimate of Ectuivalent Pull -
Load Hours f-or Building.

Location:
a. Philadelphia, PA is close

to New York, NY, thus,
equivalent full -load hours
= 500 to 1000 hours.

b. Use 500 hours for residences.
c. Then Seasonal Cooling Load

= 500 x 9,955 = 4,980,000
Btu.

3. Convert Seasonal Cooling Load
to kwh.

kwh = 4,980,000 Btu
1460 kwh

season 3413 Btg/lahAT
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12. COMPARISON OF SEASONAL ENERGY
USED FOR COOLING

As with seasonal heating loads,
it is often desirable to estimate
the energy savings realized by use of
various energy conservation practices.
Cooling load comparisons can be made
in a manner identical to that for
heating loads. Do illustrate for
the uninsulated, a non-weatherstripped
house described is the example in the
section, "COmparing Energy-Saving
Practices.")

EXAMPLE NO. 11: COMPARISON OF' COOLING
ENERGY USAGE

Use same data as in Example No. 1
(insulated, weatherstripped house) and
Example No. 2 (mtinsulated and non-
weatherstripped house).

'4

1. Evaluate and enter new heat
transmission coefficients for
walls and ceiling-roof .

2. Calculate and enter new
conduction sensible cooling
woad values.

3. Infiltration values do not
change for cooling loads with
or utthoUtweatherstripping.



4. Occupancy val co not change.

S. Calculate and enter new values
67fairiiriabliZ6611115-1652f.

6. Calculate and enter new values
of total cooling load for each
113001.

7. Calculate and enter new values
of total cooling load for
building.

The details of steps 1 through 7
are summarized on Worksheet 4. The
required changes are handwritten on
the worksheet for the cooling load
calculation for the insulated house.
The result of steps 1 through 7 is
that the total, or design, cooling
load increases from 9,955 to 22,860
Btu/hr when insulation is removed.

This is an increase of

22 860 - 9,955
x 100 = 130 %!

8. Evaluate and =mare the
cooling energy usagr for the
insulated and uninsulated
house.

Uninsulated house
22,860 x 500 3350

kwh
3413

Insulatea house
Q41.4= example) = 1460 kWh

Difference = 1890 kWh

Thus, the uninsulated house will
use approximately 1890 kwh more
energy per cooling season than the
insulated house. If electrical
energy costs 4 1/20 per kwh, the
dollar savings per year with insula-
tion equals 0.045 x 1890, or $85 per
season.
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F. Determining Cost Benefits of Using Energy-Saving Practices

The bottom line of any energy
conserving practice is the relative
uenefit to cost ratio or the time
required to recoup the investment.
In other words, the planner or home-
owner needs to evaluate whether the
energy savings (in dollars) is
enough to offset the additional cost
of additional insulation. In
addition, you way wish to
sacrifice comfort, looks and life-
style for some practices.

A benefit/cost analysis allows
us to make a direct comparison
between the present value of the
energy savings (in dollars) over the
expected life of the energy-saving
practice to the first cost and
maintenance of the energy-saving

ce. If the benefit/oost ratio
one, the energy - saving

practice is economically feasible,
Whereas if the ratio is less than
one, the practice will not pay for
itself.

The benefit/cost ratio is
evaluated by the formula:

Benefit/Oast Present Value of Net
Patio = Annual Savings

First Dust of the Energy-
Saving Practice and
Maintenance (if any)

The present value of the net
annual savings is calculated by:

Present Net Annual Savings
value =

Present Worth Factor

From your study of this section,
you will be able to calculate cost
benefits and paybadc,pericds for
energy-saving practices.

Follow procedures under the
following headings:

1. Calculating the Benefit/Cost
Ratio.

2. Haar Expected Life Affects the
Benefit/Cost Ratio.

3. Hew Increase in Fuel Prices
Affects the Benefit/Cost Ratio.

4. Hew Interest Rates Affect the
Benefit/Cost Ratio.

5. Calculating the Paybeak Period.

1. OUCULATING THE BENEFTIVCCST RATIO

Lb illustrate the calculation of
the benefit/cost ratio, consider the
house in example No. 1 and evaluate
the benefit/oost ratio for installing
insulation and weatherstripping for
the Philadelphia, PA location.

EXAMPLE ND. 12: BENEFIT/CCST PATIO

Find the benefit/cost ratio of
installing insulation (3 1/2 inches
in walls and 5 1/2 inches in the
ceiling areas) in the home described
in example No. 1.

Assume that the expected life of
the insulation and weatherstripping
is 25 years, the expected rate of
increase in energy cost is 10 %, the
discount rate is 10%, the cost of
materials and installation of 3 1/2
inches of fiberglass in the sidewalls
of new constructions is 19 1/2 cents
per square foot, the cost of materials
and installation of 5 1/2 inches of
fiberglass insulation in the ceiling
is 27 1/2 cents per square foot and
weatherstripping costs 90 cents per
linear foot (installed). Perimeter
insulation costs 60 vents per square
foot. Also assume the home is heated
with fuel oil with a present cost of
45 cents per gallon and electrically
air conditioned with a present cost of
4 1/2 cents per kwh.

Gallons of fuel saved per year,
800 gallons (heating problem No. 6).

Electricity saved per year,
1890 kwh (cooling problem No. 12).
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1. Evaluate net annual
real]. by two
Weat hers t r ipping

Present worth factors are
dependent upon the interest
rate, the rate of increase in
fuel prices, and the expected
life of the energy-saving
practice. Present worth factors
are tabulated for a discount
rate of 10%, several price
increase rates and expected
lives in Table XXI. Multiply
this value times the net annual
savings (NAS) as found in step
1 to get the present worth.
Then find benefit/cost ratio by
dividing the present worth by
the first cost and maintenance
costs (if any). See steps 3
and 4.

(1) Find the net annual savings
(NAS) during the first year.

NAS = (Gallons of Orel Oil
Saved) x (Fuel Oil
Price) + (kwh
Electricity Saved) x
(Electricity Price)

= 800 x 0.45 + 1890 x
0.045

= 360.00 + 85.05

= $445.05

(2) Find the present worth of
the net annual savings.

This calculatioscomputes
the value of all the net
annual savings or the
expected life of the energy
saving practice taking into
account the anticipated
increase in fuel prices and
the increased value of money
saved over time (Far
example, if the $445.05 were
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deposited in a savings
account which earns 10%
interest per year, it would
be worth $4,821.99 after 25
years) .

Present (NAS) x Present
Worth = With Factor
of NAS (Table XXI) .

= 445.05 x 25

= $11,126.25

3. Find first cost of insulation
and weatherstripping.

Insulation Cost
(1) E2cteriopwals - $0.195/ft2 x

1085 ft 4 = , $211.58
(2) Ceiling - $0.275/ft4 x

1025 ft2 = $281.88
(3) Perimeter - $0.60/ft2 x

(150 x 2 ft) = $180.00
(4) Total insulation oast $673.46

Weatherstripping
(1) Linear feet at doors

20 ft/floor x 2 = 40 ft.
(2) Linear feet at windows

= 16 ft/window x 5 = 80 ft.
(3) Total linear feet of

stripping = 120 ft.
(4) Cost of weatherstripping

= 120 ft x 0.90/ft = 108.00

First cost of insulation and
weatherstripping.

= 673.46 + 108.00
= $781.46

4. Benefit/Cost Ratio

Benefit/ Present value of
Cost = net savings
Ratio First cost

= 11,126.25/781.2

= 14.24%



2. HOW 1E:MIMED LIFE A,FFWIS BENEFIT/
COST RATIO

The benefit/cost ratio is
influenced significantly by the
expected life of the energy
conservation practice. The effect of
expected life upon the benefit/cost
ratio for insulating our example
house is illustrated in Table XXII.
It was assumed that:

1. The fuel price increases at 10%
per year in first example and
at 5% in second example.

2. The discount rate is 10% per
year.

3. current fuel costs are 450/
gal fuel oil and 4.50/kwh
electricity.

4. First cost of insulation and
vxmaherstripping is $781.46.

5. Fuel savings: fuel oil,
800 gal/yr; electricity,
1890 kwh/yr.

Notice that the benefit/cost ratio
increases with the expected life.
Ecwever, the increase is hot necessar-
ily linear. Also note that for a
constant discount rate, the benefit/
cost ratio increases as the fuel
price escalation rate increases.

3. HOW INCREASE IN FUEL PRICES
AFFECTS ME BENEFIT/ODST RATIO

The benefit/cost ratio is also
influenced by the estimated annual
increase in fuel prices. The
iollcwing example demonstrates the
change in benefit/cost ratio as the
annual rate of increase of fuel
varies from 0 to 108. It is assured
that:

1. The expected life of the erergy-
saving practice is 7 years.

2. The interest rate is 108.
3. The current fuel prices and

first costs are the same as
in the prior examples.

4. Fuel savings: fuel oil -
800 gal/yr and electricity -
1890 kwh/yr.

Note that the benefit/cost ratio
increases as the annual percent
increase in fuel cost increases

Cable XXIII). It is estimated that
fuel costs will probably increase at
rates at or above 138.

4. 03W =EMT RATES AFFECT THE
BENEFITAMPATIO

Interest rates also affect the
benefit /cost ratio. The influence
of interest rate upon the ratio can
be evaluated with tables similar to
Table XXI forvaricus discount rates.

5. CALCULATING THE PAYBACK PERIOD

Other methods for evaluating the
economical feasibility is the
,ericd and the time to recouPc=
investment.

The egyrack period is the first
cost divIded by net annual savings:

Payback = First Cost
Period Net Annual Savings

For the previous ample, the payer
period is evaluated as:

Payback = $781.46 = 1.76 years
Period -445-
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The payback period does not
consider the rate of increase in fuel
prices, does not include the discount
rate for net annual savings. There-
fore, it is not as accurate as the
time to recoup investment method which
is described as follows:

Table MI of Present Wbrth Factors
(PWF) can be used to estimate the time
to recoup investment. Locate the fuel
price escalation rate (10% in this
example) column. Move down the
column until a PWF greater than the
payback period is found (2.000 in
this example). Thus, the time to
recoup the investment lies between 1.
and 2 years. By interpolation the
tine to recoup the investment is:

1 yr + 1.76 - 1.000 = 1 + 0.76, or
. 2.000 - 1.000

Time to recoup investment = 1.76 years

Note that the time to recoup the
investment is the same as the payback
period. This occurred in this example

I
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because the discount rate and the fuel
price escalation rate were identical.

If the discount rate were 10% and the
fuel price escalation rate were 5%,
the time to recoup investment becomes:

1 yr + 1.76 - 0.9546 = l + 0.88
1.8657 - 0.9546

Time to recoup investment = 1.88 years

Note that when the tine value of
savings and when the fuel price
escalation rate is lower than the
discount rate, the time to recoup
investment will always be greater
than the payback period.

Also note that the difference
between the time to recoup investment
and the payback period is small in
this problem because the payback
period is small. In cases where you
have a payback period of 3 years or
more, the time to recoup investment
may be 1.5 to 2 times as long as the
payback period.



TABLE I . APPBOXDPATE THICKNESS OP INSUIATICIJ FOR 'ISEINAL RE DAN , IN.
(Reference, Cooling and Heating load Calculation Manual,

MIME, 1979, Table 7.5, Page 7.21)

Memel
Resistant*

ot insuistion

Oath se lanktis Louse Fin Boards and Stein

Glass
Fiber

Rock
Wool

Glass
Fiber

Rock
Wool Cellulosic Polyurethane

Cellular
lane

R-7 2 1/4 to 2 3;4 2 3 to 4 2 to 3 2 1 2 5, 8
R-11 3 1/21°4 3 5 4 3 1 3/4 4 1'4
R-13 3 5/8 3 1/2 6 4 to 5 4 2 5

R-19 6 to 6 1/2 51/4 8 to 9 6 to 7 5 3 71/4
R-22 6 1/2 6 10 7to8 6 3 1/2 X 3/8
R-30 9 1 2 to 11.1 1 2 9 13 to 14 10 /0 11 8 4 3'4 11 311
R-38 12 to 13 10 112 17 to 18 13 to 14 I 10 to 11 6 141/2
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TABLE II. OUTSIDE DESIGN TEMPERATURES AND HEATING DEGREE-DAYS
(65°F BASE) FOR DIFFERENT CLIMATIC LOCATIONS

(Adapted from Cooling and Heating Load Calculation Manual,
ASHRAE, 1979, Pages 2.3 and 7.16)

State
and

Station

linter
Design

Dry-lulb

Summer
Design pry-lull) and

Mean Coincident 1:Tet-i3ulb

Yean
Daily
Range

Beating
Degree
Days9(Y. 97.54

ALABAMA
Huntsville AP 11 16 95/75 92/74 91/74 23 3,070
Yobile AP 25 29 95/77 93/77 91/76 11 1,560

AIWA
Fairbanks AP (S) -51 41.7 P2/62 78/60 75/59 24 14,279
Kodiak 10 13 69/51 65/56 62/55 10

ARIZONA
Flagstaff AP - 2 4 84/55 12/55 80/54 31 7,152
Phoenix AP (S) 31 34 109/71 107/71 105/71 27 1,765

ARKAKSAS
Fayetteville AP 7 12 97/72 94/73 92/73 23
Little Pock AP (S) 15 20 99/76 96/77 94/77 22 3,219

CALIFCRYIA
Los Angeles AP (S) 41 43 13/68 80/61 77/67 15 2,061
San Francisco AP 35 38 12/64 77/63 73/62 20 3,001

COLORADO
Denver AP - 5 1 93/ 59 91/9551 89/59 2R 6,283
Leadville -11 -14 A4/52 '11/ 71/50 30

IONFECTICUT
1ridgport AP 6 9 A6/73 Au/71 11/70 IA 5,617
Waterbury - 4 2 4P/73 15/71 12/70 21

=WARE
Dover AF1 11 15 92/75 90/75 17/74 IR

Wilmington AP 10 14 92/74 89/74 P7/73 20 4,930

D.C.
Andrews AF1 10 14 92/75 90/74 87/73 18 4,224
Wash *tat AP 14 17 93/75 91/74 89/74 11
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11110 State

and
Station

FLORIDA

maw II (Ccotinued)

Winter
Design
Dryluib
99( 97.51

Summer
Design Dry -fib and

!lean CoincidentWet-Huib

5.

Moan
Daily
Range

Heating
Degree
Days

Gainesville AP
Miami AP (s)
Tallahassee

2R 31
44 47

GEORGIA
Atlanta AP (S) 17 22
Waycross 26 29
Thomasville

HAWAII
Honolulu AP 62 63
Wahiawa 58 59

IDAHO
Boise AP (S) 3 10
Idaho Falls AP -11 - 6

ILLINOIS
Carbondale 2 7
Chicago, O'Hare AP - 8 - 4

INDIANA
Fort Wayne AP - 4 1
Indianapolis AP (S) - 2 2

IC WA

Des Moines AP
Waterloo

-10

-15
- 5
-10

rAKSAS
Manhattan,

Fort Riley (S) -1 3
Wichita AP 3

FENTUCXY
Lexington AP 3
Louisville AP 5 10

LOUISIANA
Natchitoches 22 26

Fro Orleans 29 33

95/77 93/77
91/77 90/77

94/74 92/74
96/77 94/77

87/73 86/73

86/73 85/72

96/65 9464
99/61 87/61

95/77 93/77
91/74 89/74

92/73 89/72
92/74 90/74

94/75 91/74
91/76 89/75

0/75 95/75
101/72 98/73

93/73 91/73
95/74 93/74

97/77 95/7?
93/78 92/78

92/77 18

89/7? 15 214
1,4$15

90/73
91/76

85/72 12
84/72 14

19 2,961
20

1,529

91/64 31

84/59 38
5,809

90/76 21
86/72 20 6,639

87/72 24 6,205
87/73 22 5,699

88/73

86/74

92/4 24-

96/73 23 4,660

88/72 22 4,683

90/74 23 4,660

93/7? 20

90/7? 16 1,385

23 6,588
23 7,320
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Table II (Continued)

State
and
Station

inter
Design

Summer
Desien Dry-lulb and

Mean Coincident 'let-Stab

Mean
Daily
Range

Heating
Degree
Days99% 97.3q 14- 2.54 5S

air.;
Caribou AP (S) -18 -13 14/69 81/67 79/66 21 9.767
Lewiston -7 - 2 88/7) 15/70 82/61 22

MAMA:4D
Baltimore CO 14 17 92/7? 89/76 87/75 17 4,11i
Frederick R 12 94/76 91/75 88/74 22

YASSAC1USETTS
lostor AP (S) 6 9 91/73 89/71 85/70 16 5,634
Sprinefield,
'Jestover AF9 - 5 0 90/72 87/71 84/69 19

MICiIGAE
Detroit 3 6 91/73 11/72 86/71 20 6,232
Sault Ste.

narie A? (S) -12 - 9 94/70 81/69 77/66 23 9,048

YrNESCTA
Intn1 Falls AP -29 -25 15/61 13/68 90/66 26
IdArneapolis,

St. Paul AP -16 -12 92/75 19/73 16/71 22 8,382

YISSISSIPPI
Biloxi.
Keesler AID 29 31 94/79 92/79 90/78 16

Tupelo 14 19 96/77 94/77 92/76 22 2,041

YISSOUSI
Yansas City AP 2 6 99/75 96/74 93/74 20 4,711
St. Louis AP 2 6 97/75 94/75 91/74 21 4000

MINTAFA
lozeman -20 .14 90/61 87/60 84/59 32
Assoula AP -13 - 6 92/62 18/61 85/60 36 8,125

N'PRASKA
Lincoln CO (S) - 5 2 99/75 95/74 92/74 24 5,864
Omaha AP

nI'VADA

- 8 - 3 94/76 91/75 98/74 22 6,612

Las Vetas AP(S) 25 29 101/66 106/65 104/65 30 2,709
Peno AP (S) 5 1.0 95/61 92/60 90/59 45 6,332
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1110 State
and
Station

Table II (Continued)

Winter
Design

Dry-luib

99% 97.5(

Summer
Design Dry -Bulb and

Mean Coincident Wet-Ibilb
1 2.54 5%

Mean
Daily
Range

Heating
Degree
Days

KEW ILVSHIRt
Keene
Portsmouth,
Pease API

NT./ JERSZY

rEw MSKICO
Albuquerque AP(S)
Raton AP

NV YORK
'NYC-Kennedy AP
Jaw.

r0R17 CAROLINA
Asheville AP
Raleigh/

Durham AP (S)

MORT1 DAKOTA

otric

Cincinnati CO
Cleveland AP (S)

OKLAHOMA
Lawton AP
Oklahoma City
AP (S)

oRscor
Pendleton AP
Portland AP

PEYNSYWAYIA
Philadelphia AP
Pittsburgh AP

RHODE ISLAND
Newport (S)
Providence AP

-12 -7 90/72 87/70 83/69 24 7,383

-2 2 90/73 85/71 83/70 22

4,500

12 16 96/61 94/61 92/61 27 4,348
-4 1 91/60 89/60 87/60 34 6,228

12 15 90/73 87/72 84/71 16 5,219
-12 - 6 88/73 85/71 82/70 22

10 14 89/73 87/72 85/71 21 4,042

16 20 94/75 92/75 90/75 20 3,393

9,000

1 6 92/73 90/72 88/72 21 4,410
1 5 91/73 SR/72 86/71 22 6,351

12 16 101/74 99/74 96/74 24

9 13 100/74 97/74 95/73 23 3,725

- 2 5 97/65 93/64 90/62 29 5.127
17 23 89/68 85/67 81/65 23 4,635

10 14 93/75 90/74 87/72 21 5,144
1 5 89/72 86/71 84/70 22 5,987

5 9 88/73 85/72 82/70 16

5 9 89/73 86/72 83/70 19 5,954
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State
and
Station

SOUT3 CARCUA
Greenville AP
Snartanburg AP

SOUT1 DAKOTA
grookinws
Rude City AP (S)

EYNESS33
Ynoxville AP
Yemphia AP

TTXAS
Amarillo AP
Dallas AP
louston CO

tJTAH

Loran
Salt Lake City
AP (s)

VERMONT

lurlinrton AP (S)

mcarm
Eorfolk AP
Roanoke AP

WAS'IDITON
Seattle-Tacoma

A? (S)
Spokane AP (S)

WEST VIRGINIA
Yoraantown AP
Aeelinr

1,TISCOI:Sr

Ashland

nlwaukee AP

"'MN=
Cheyenne AP

Laramie A? (5)
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Table II (Continued)

:tinter

sitrn

Dry-qulb

Summer
Design Dry-lulbAda

Mean Coincident Wet-3ulb
Mean
Daily
Range

Heating
Degree
Days954. 97.51 1% 2.9; 5%

11 22 93/74 91/74 89/74 21 2,960
22 93/74 91/74 89/74 20

-17 -13 95/73 92/72 89/71 25
-11 - 7 95/66 92/65 89/65 2R 7045

13 19 94/74 92/73 90/73 21 3,494
13 18 98/77 95/76 93/76 21 3,232

6 11 98/67 95/67 93/67 26 3,985
1R 22 102/75 100/75 97/75 20 2,363
29 33 97/77 95/77 93/77 18 1,278

- 3 2 93/62 91/61 81/60 33

3 8 97/62 96/62 92/61 32 6,052

-16 -11 84/71 81/69 78/68 23
-12 - 7 18/72 85/70 12/69 23 8,269

20 22 93/77 91/76 89/76 18 3,421
12 16 93/72 91/72 11/71 23 4,150

21 26 44/65 R0/64 76/62 22 5,145
- 6 2 93/64 90/63 87/62 28 6,655

4 8 90/74 87/73 85/73 22 4,500
1 5 89/72 86/71 84/70 21

-21 -21 85/70 12/61 79/66 23 7,635
,0 4 90/74 87/73 84/71 21

- 9 - 1 39/51 86/58 84/57 30 7,381
-14 - 6 54/56 11/56 79/55 28



TABLE III. CONDUCTIVITY OF SOME
BUILDING MATERIALS

(Adapted from Cooling and Heating Load
Calculation Manual, ASHRAE, 1979,

Page 3.4)

Conductivity
(k)

Hardboard, Medium Density .73

Particleboard, Medium Density .94

Polystyrene, Smooth Skin .20

Glass Fiber, Organic Bonded .25

Wood, Medium Density 1.49

TABLE IV. CONDUCTANCE OF SOME
BUILDING MATERIALS

(Adapted from Cooling and Heating Load
Calculation Manual, ASHRAE, 1979,

Page 3.4)

Thickness
(in)

Conductance
(C)

Plywood .5 1.60
Carpet and
Fiberous Pad .48

Mineral Fiber 3.5 .053

Concrete Block,

Sand and Gravel 8 .90

Asphalt Shingle 2.27
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0
MIRE V. COEFFICIERIS CV HEAT TRANSFER (U) IHICUGH FRAME IOUS*

* (Inference, Cooling and Heating Load Calculation Manual,
ASHRAE, 1979, Table 3.2A, Page 3.8)

the,. t t.eklt..101, AI.: .:pros,:d In btu NI (hoer) (.41..itv I. 01)44.gree 1 ailtClItliM ilitt.lente mit:Met( Atilt, :0%0:116
.vr .4,1 th: IA.. stiles) and 4:4 t+.11/4.0 on an nonaIL ulad sz...0. of tS mph [ht. Wit Co tcli I he, jr. I;/.. 1C-I

Replace. Air Space with 3.5.in. R.11 Blanket limitation (New

Construction

limn 4)
1

Realsiance(R)
2 1 2

Pleat Capacity

Between
/raffling

Al
Framing

Between
Framing

At
Framing

Belltrea
Frarnin.g___

I Out surface (IS mph wind) 0 17 0.17 0.17 0.17
2. Siding, wood, 0.5 in x 8 ita. lapped (average/ 0.81 0 81 0.81 0 81 047 047
3. Sheathing, 0.5-m. asphalt impregnated 1.32 1.32 1.32 1.32 023 021
4. Nonreffective airspace, 3.5 in. (50 Fmean; 10 deg F

temperature difference) 1.01 - 11.00 - OP

5. Norninall.in . x 4-in. wood stud - 4.38 4.38
6. Gypsum wallboard, 0.5 in. 0.45 0.45 0.45 0.45 0.54 054
7. Inside surface (still air) 0.68 0.68 0.68 0.68

Tong Thermal Resaroact IR) R,w4.44 R,07.81 R,14.43 R, =7.81 1 24 I 32

Construction No. 1: U, a 1/4.4400.225; U,w1/7.81 00.128. With 20Ire framing (typical
(0 225) + 0.2 (0.128) 0 0.206 (See Eq 9)

Construction No. 2: U, 0 1/14.43 0 0.069, U, 0 0.128. With framing unchanged, (4, 0 0 8().069) + 0.2(0.128) 0 0.081

of 2in. x 4-in. studs 01 16m. o.e.), (/,,,, w 0.8



TABLE VI. AIR EXCHANGES IN RESIDENCES FOR TYPICAL DESIGN CCNDITRNS*
(Adapted from Tables 7.11A and 7.11B, Cooling and Heating Load

Calculation Manual, I4SHRAE, 1979, Page 7.23)

Type Roam Changes/Hour

Roan w/o windows or exterior doors 0.5
Roans with windows or exterior doors on one side 1.0
Roams with windows or exterior doors on two sides 1.5
Roams with windows or exterior doors on three sides 2.0
Entrance halls 2.0

*Use 2/3 of tabulated values for weatterstripped windows or storm sashes.

TABLE VII. RECOMMENDED VENTILATION AIR VOL= FOR
SINGLE FAMILY RESIDENCES

(Adapted from Cooling and Heating Load Calculation
Manual, ASHRAE, 1977, Page 5.12)

Roan
Ventilation Air Per Occupant
Minlmnm Recomenffed

(cut ft/min) (cu ft/min)

General living areas;
bedroom, utility areas

Kitchens, bathrooms
5.0

20.0
7.0-10.0

30.0-50.0

TABLE VIII. SOL -AIR TEMPERATURES FOR JULY 21 AT 40°N LATITUDE
(Adapted from Bandanentals Handb000k, 1977, ASHRAE, Page 25.5)

Time
Air
Temp.

Light Surfaces Dark Surfaces
N E S W HOR NE S W HOR

4 74 74 74 74 74 67 74 74 74 74 67

8 77 82 114 83 81 96 87 151 89 96 122

12 90 96 97 112 97 127 103 104 134 104 172

16 94 99 98 100 131 113 104 103 106 168 139
20 85 85 85 85 85 78 85 85 85 85 85
24 77 77 77 77 77 70 77 77 77 77 70

Avg. 83 86 91 89 91 91 89 100 85 100 107
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TABLE ix. caoinaztas OF HEW 'M EM (U) 'MOWS mom PCOFSa
(Reference, Cooling and Heating Load Calculation Manual,

ASHRAE, 1979, Page 3.11)

Coefficients are expmsse4 in Btu per (hour) (square food (degree Fahrcnhcii difference in temperature hoween the air on
the Iwo wdcs). and aft Ease( on an outside wind velocity of 15 mph fur heat heat flow upward and 7 S mph for heal

flow downward The Heat Capaeny Units arc Btu for F.

rr
1 2 3 4 5 6 7 8

Find U. for same Consteweilon 2 with Heat Flow Down (Summer Conditions)
00 2

1 2
heat (*wit)

Construction 1
(Heat Flow Vp) (Reflective Air S_ce)

1 as-"sraime

Between
L Rafters

At
Rafters

Between
Rafters.

At
%fiefs

Between
Rafter*

1. Inside surface (still air) 0.62 0.62 0.76 0.76
2. Gypsum wallboard 0.5 in.. foil backed 0.43 0.45 0.45 0.45 0 54 0.54
3. Nominal 2-in. x 4in. ceiling rafter .-. 4.38 - 4.38
4.45 deg slope reflective air space. 3.5 in. (SO F mean.

30 deg F temperature difference) 2.17 - 4.33 -- _ -
S. Plywood sheathing.0.674 in. 0.78 0.78 0.711 0.78 0.51 0.51
6. Felt building membrane 0.06 0.06 0.06 0.06 Nett Neg
7. Asphalt shingle roofing 0.44 0.44 0.44 0.44 0 33 0.33
8. Outside surface (15 mph wind) 0.17 0.11 0.25 0.25
Tool Thermal Resistance (Al k=4.69 R,06.90 R,w7.07 kw7.12 15K 13K

Construction No 1: U,w1/4 69w 0.213; U, 1/6.90 w 0.145. With 100, framing (typical or 2.m. rafters 016.in. o.c.). Ue. 0.9 (0.213) -1. 0.
(0 145) 0.206

Construction No. 2 U4=1/1.07 w 0.141: U, 1/7.12 w 0.140. With framing unchanged, U., 0.9 (0.141) + 0.1 (0.140) 0.141

Find Va, for same Construction 2 with Heat Flow Down (Summer Conditions) 3 4
Neat Capacity3 Maim:ince OW 4

Construction I Between At Between At Between
(Hem Flow Up) (Nan4lefleetive Air Iva) Rafters Rafters Rafters Rafters Rafters

1. inside surface (still air) 0.62 0.62 0.76 0.76
2 Gypsum wallboard.O.S in. 0.45 0.45 0.45 0.45 034 0.54
3. Nominal 2.in. x 4m. ceiling rafter - 4.38 - 4.38
4.45 deg slope. nonrcliccoive air space. 1.5 in.

(SO F mean: )OsIcg F 'cooperator, difference) 0.96 - 0.90 --
S. Plywood sheathing. 0.625 in. 0.78 0.78 0.78 0.78 0.51 0.51

6. Felt building membrane 0.06 0.06 0.06 0.06 Nag Neg

7. Asphah shingle roofing 0.44 0.44 0.44 0.44 033 0.33
8 Outside surface (1Smph wind) 0.17 0.17 0.2S" 0.2S"
Total Thermal Resistance at) R1=3.48 R,w6.90 R1.3.64 Ret7.12 1 3/1 1 38

Construction No. 34.= 1/3.43 0.287: U, 1/6.90 is 0.145. With 10% framing typical of 2in. rafters 0 16.in. o.c.). U. 0.9 (0.287)+ 0.1
(0.145) 0.273

Construction No. 4:U,0 1/3.64 0 0.27S: U, 1/7.12 0.140 With framing unchanged. U 0.9 (0.275) + 0.1 (0.140) 0 0.262
hich 01 rof 45 deg

Mr slum .aloe at 001. mean. 10 deg F oemperature difference.7 $.ntph weld



TABLE X. DETERKENCICN OF U-VALUE RESULTING nom Aron= OF
INSUIATXN 10 THE TOM, ARElke OF ANY GIVEN alums maim
(Adapted fran Cooling and Heating Load Calculation Manual,

ASHRAE, 1979, Table A3.1, Page A3.4)

COIN 711.04
SECTION
PROPF.RTY

R I 2 3 4
ADDITIONAL THERMAL INSULATION. R

$ 4 7 9 II 13
b.(tte.ft%. F)/819

15 17 19 30 311

00$ 12.5 0074 0069 0065 0.061 0057 0054 0 041 0.047 0043 0 039 0 016 0014 0012 0 024 Otto
0 10 10.0 0 091 0 083 0 077 0 071 0 067 0 063 0 099 0 053 0 04x 0 043 0 040 0 00 0 014 0 025 0 021
0 12 8 3 0 107 0 097 0 OM 0091 0 075 0 070 0 065 0 058 0.052 0 047 0 04% 0 039 0017 0 026 0 022
0.14 7.1 0 123 0.109 0 099 O 090 0 082 0 076 0 071 0 062 0 055 0 050 0 045 0 041 0 038 0 527 0022
0.16 6 3 0.1311 0.121 0.108 0.0911 0.039 0.082 0 075 0.066 0 0511 0 052 0 047 0 (143 0.040 0 0211 0 023
0.13 5 6 0 153 0 132 0 117 0.105 0095 0087 0090 0069 0.060 0.054 0 049 0.044 0 041 0 024 0 023
(121) 1) 0 167 0.143 0.125 0.111 0.100 0.091 0 083 0 071 0 063 0.056 0 050 0.045 0 042 0 329 0 023
0 22 4.5 0 130 0.153 0.133 0.117 0 105 0.095 0.087 0 074 0 064 0.057 0.051 0 046 0 042 0 029 0 024
024 42 0,04 0 162 0,140 0 122 0 109 009i 0.090 0076 0066 031311 0.0%2 (1047 O1µ1 0 029 0.024
0 26 3.4 0 206 0 171 0 146 0.127 0 113 0 102 0.092 0 079 0 067 0.059 0 053 0049 0 044 0 030 0.024
0 23 3 6 0 219 0.179 0.152 0 132 0.117 0 104 0.095 0 ORO 0.069 0.060 0 054 0 049 0 044 0 030 0 024
0 30 3.3 0.231 0 183 0 133 0 116 0.120 0 107 0 097 0.091 0 070 0.061 0.053 0 049 0.045 0 010 0.024

40 2 5 0 286 0 222 0.182 6154 0.133 0.118 0.105 0 087 0074 0.065 0 057 0.051 0 047 0 031 0 025
0 50 2.0 0 333 0.250 0.200 0.167 0.143 0.125 0.111 0 091 0 077 0.067 0 059 0 053 0 048 0 031 0 025
0.(41 1.7 0.375 0.273 0 214 0 176 0.150 0.130 0.115 0094 0.079 006* 0 060 0 054 0.048 0 032 0 025
0 -.00 1 4 0 412 0 292 0 226 0.184 0 156 0.135 0 119 0 096 0080 0 069 0 061 0 054 0 049 01)12 0 +:5

if the ilsoLitton occitalo a proino1!. con.idered air .p.ice, an adjkolonent mtht he nude An the ril,en building ...own no,.11ne
b /Wiwi for (citron:: or fr.visnia .e two. :AN reto.ar). tcp.sr.ne)l

TARE n. HEN? 1S OF OONCRErE FLOORS
AT OR MR GRCCIND LEVEL PER solar OF

EXPOSED EDGE (LESS IHAN 3 FT BF. A GRADE)

(Reference, Cooling and Heating toad
Calculation Manual, ASMRAE, 1979,

Table 7.9A4 Page 7.22)

01301ope Design
Temptiatate.

Heat 1 tos pet Fold of Evptote1 Edsr. etu/Ove.10

It = 5.0
Eke Inulation

R = 2.5
Edge Iniolation

No
Edge !ovulation.'

20 to -30 50 60 75
10 to 20 43 $5 65
0 to -10 40 so 60

0010 0 35 45 55
20 10 30 40 50

hi coostruLtuot not recommended. shown for Compaoson only.
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TR= XII. OMATAT, ccuricmas at HP e 14,4114916604111
(U-FACM) CC HM OS PIM SICCLIGNIS, Tits.VOiritt`P)

(Reference, (aling and Heating Wad Chiculattal
MIME, 1979, 'bele 3.1, Page 3.24)

Table 3.14A Overall Coatings% of Hest Trassoissioo (U-Factor) of Windows and Skylisbts, Bte/(br 11$ I)
..--": ..,;..

.... 1 ..r.

t-r'
: 4 ..t

4 - - -

P.16.054 s' . - - - - ... .e - .. - - - . ''
i . allaftiVallierinalailiz r. rt` I''

4:+1.-- '
:-...N ; 4 IbillOSINIAMilet :..t....4

Ne- L,Ponds ie...,,i.

.430 AISaliallItAtita'I, t v-
44/11,balft
CP110

-s -
XiiiitTral,littAI:. ...z.-. . .enew..m.-4, 'r

rirs,fk ii to
- Ai --- - Ion
''i'.;>::-,4:1t4r.

Aii , g« -1 ihs.i." ' 0:
.. L----.7-7 :-

;1064'.1:*.- .. . . ..,.
bailie "2:::

.RUIRRO4'.0
04,1Noske
411taliderAt-

.bltaire.-A
*31nds00$.;

Fiat Glass*-sr.;,%' :44+4 7,..e

Sin* Glam.ft...-.-1 427-4
!sovietise Ghat Dyable :*

3116 is. de *mod .....

1A4

0.6$

0.11

0.58

1.10

0.62

013

0.52

0.83

0.57

113

0.70
1;4 111. dot Mace 4 ../; 0.61 0.55 0111 0.41 034 0.65
112 in air owe 0.56 0.57 0.49 0.42 0.49 019
112 in. air spat*. .
tow onstestoss cooling'

r 0.11) i:-..i - . 0.31 037 0.32 130 0.36 0.4$
r = B40 .... 4 0.45 0.44 0.38 0.33 0.42 032
r =000 ... . 0.51 0.48 0.43 0.31 0.46 0.56

Insutaung Glam. Triplac
114 is. airspace° -.. 0.44 0.40 0.39 0.31
112 in. artr apatmaz '' 0.39 0.36 0.31 0.26

Sturm Windows .s i: to 'mt.,

i tn. to 4 iss:ailePairs9::.1: 0.50 0.41 030 042
Plastic Iltabbles9-.-: :.* .".:,;.:

Salk W41111 " 7.- .. 0.80 1.15
Double Watiaaaa4:1P-f-'*-.:=1 0 46 0.70

Table 3.141 Adjuslasent Factors for Various Window and
Ming Patio Doer Types (Multiply U-Valtsm In Past A by

Time Factors)
4 MON ; "". I

.... 'See Tabk 3.148 foe adjustments foe various windows and
Aiding patio doors.

awls -.' '. UPI,. -0 T;:asein 4-1:- banks:once of uncoated glass surface = 0.84.
Glom 41.:- Clare ..-"' 'Wisdom' ... Double and triple left; to number of lights of glass.

Windows "0.125-in. glass. .
.411 Glue .

1.00 IA 1.00 0.25-in. glass
Wood Sash; 80% Glass lir 0.90 0.95 0.90 /Coating on either glass surface facing air space: all other gar
Wood Sash; 6091 Glass . 0 80 0.85 0.80 surfaces uncoated.
Metal Sash: On Gas .. 1.00 110" 110* Iwindow design. 0.25-in. glass. 0.125in. glass. 0.2Sin. glass

Sliding Patio Doom 6 Refen to windows with negligible opaque areas
hood Frame 0.95 1.00 !Foe beat flow up
blet.# Frame 1.00 1.10' .11-or beat flow down.

'Based on area of opening. not tont surface area

"Values well be less than these when metal sash and frame incorporate thermal break s. Insane thermal break designs (;.atties will be equal
to or less than those for the glass. Window manufacturer should be consulted foe specific data.

*15 mph outdoor air velocity: 0 F outdoor Cu. 70 F inside air temp natural convection
7 S mph outdoor au velocity: 89 F outdoor air, 75 F inside air natural convection: solar radiation 241.3 %WI* ft)

Values apply to tightly eltisd venetian and vertical blinds. draperies, and rater shades-
) he reciprocal of the almost 11-factors ostbe thermal resistance.R. bir each type of earing.11sightly drawn drapes (hea sy dose1443% C), ClOed

VtathAtt blinds, rat &hay fitted roller shadesate used internally. do sdditiood Rssapprosimately 0 29(1sr fe. Fl/ iltu.lf miniaturelouered
solar servals art used in close proximiik as the outer fenestratton surface, the addstiunal R is apprommately 0 24 (hr ft' F1' Btu
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TAME XIII. COEFFICEENIS OF TRAHROVICN
IMUGH COORS, Btu per (hrft`'F)

Mebane

%Vie* Sommer

Srart Wood.
Nobble% Door

-SW. Dove
No Stoma DomWood Metal

1-in. 0.64 0.30 0.39 0.61
1.23-in. 033 0.28 0.34 0.33
1.3m. 0.49 0.27 0.33 0.47
2-in. 0.43 0.24 0.29 0.42

Steel Dow--
1.75 in.

Atc 0.39 - - 0.58
B4 0.19 - 0.18
C' 0.47 -. - 0.46

Nominal thickness.
Values for wood 110f111 doom ate tot appoatimately 50% glass: tor metal

storm door values apply tot oar moot ot dials.
cA %tarsi Vibes toren 1b/11)).
48 Soltd urethane Iowan with thermal break.
cC Solid polysterene cote woh thermal break

UNE XIV. CORREMON FACES FOR HEAT ICES
VS. DEGREE MS 3171ERD4 FACIOR CDa

(Reference Systems Handbook, ASHRAE,
1976, Page 43.8)

Outdoor Design Temp. F -20 ..11S 0 + 10 +20

Factor Co 0.37 0.64 0.71 079 0.89

'The emdtipliets in Table 2 which are high tot mild climate" and km toe cold
regions, ate out Minot as might *mat. Foe equivalent buildtags.thme in warm
climates have a raw portion of thew beeline sequitenteets on days when the
mom macerators is close to 63 F, and thus the actual beat loss is not 'elected.

TABLE XV. PAW IUD 03FRECIION FACIOR
(CF) FOR FUEL-FIRED EQUIRMENr

(Reference, Systems Ilanr3bock, MIME,
1976, Page 43.8)

Pere -at oversizing 0 20 40 60 80

Factor 1.36 1.36 1.79 2.04 2.32

Because equipment petfotmante at etttemety low loads is highly vseishle,
it is molly recommended that she values in Table 3 not be cut:palsied
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MICE XVI . DIFSIGN EQUIVALELe TEMPERATURE DIE'S
(ETD) FOR WALLS , CEILINGS AND MORS

(Reference, Cooling and Heating load Calculation Manual,
ASHRAE, 1979, Table 7.8, Page 7.22)

Deli m Tempt/atom del I' 1I 90 93
__

100
_

105 110
__

Daily Temperature Hinge I. NI L Prl H I. M H M H H H

WALLS AND DOORS
I. Frame and vecerr-on-frame 17.6 13.6 22 6 18.6 13.6 27.6 23.6 18.6 21.6 23 6 28 6 t16
2. Masonry waits, 8-in. block or brick 10 3 6.3 15.3 11.3 6.3 20 3 16 3 11 3 21.3 16 3 21 3 2.4 3

3. Partitions, frame 9.0 3.0 I40 100 5.0 190 15.0 10.0 200 ISO 200 230
masonry 2 5 0 7.5 3.5 0 12 5 8.3 3 5 13 5 8.5 13 S 18 5

4. Wood door. N.-17.6 13.6 22.6 18.6 13 6 27 6 23.6 16.6 28.6 23.6 U6 )3r;

CEILINGS AND ROOFS b
1. Celli nits under naturally vented attic

or tented flat roof-dark 38 0 34.0 43.0 39.0 34 0 48.0 44.0 39.0 49 0 44.0 49* 54 0
- light 30.0 26 0 35.0 31.0 26.0 40.0 36.0 31.0 410 36.0 410 46 0

2. Built-up roof, no ceihrig-dark 38.0 34.0 43.0 39.0 34 0 48.0 44.0 39,0 49.0 44.0 49 0 34 0
-fight 30.0 26 0 35 0 31.0 26.0 40.0 36.0 31.0 41.0 36.0 41.0 46.0

3. Ceilings under unconditioned rooms 9.0 5,0 14.0 10.0 5.0 19.0 15.0 10.0 20.0 15.0 20* 25 0

FLOORS
1; Over unconditioned rooms 9,0 5.0 14.0 10.0 5.0 19.0 15.0 10.0 20.0 15.0 20 0 25.0
2. Over basement, enclosed trawl space

or consrete stab on ground
.

3. Over open crawl space
0
9.0

0
5.0

0
14.0

0
10.0

0
5.0

0
19.0

0
15.0

0
10,0

0
20.0

0
110

0
20.0

0
25.0

Daily Temperature Range
L (Lon) Calculation Value. 12 deg F. M (Medium) Calculation Value: 20 deg F. H (High) Calculalion Value: 30 dcg F.
Applicable Range. Less than 15 deg F. Applicable Range. 15 to 25 deg F.. Applicable Range: More than 25 deg F.

bCeiling and Roofs. For roofs in shade, I8-hr aterage =11 deg temperature differential. At 90 dcg F design and medium daily range,
equivalent temperature differential for light-colored roof equals 11 + (0,71X39 - 1 1) = 31 deg F.

Si
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TABLE XVII. DESIGN COOLING LOAD FACTORS THROUGH GLASS (ETD)
(Referees, Cooling and Heating Load Calculation Manual,

ASHRAE, 1979, Table 7.6, Page 7.21)

Outdoor

Design Temp

Regular Single Glass Regular Doubk Gla.s

85 90 95 100 105 110 8S 90 95 100 103 110

heat Absorbing Double (.k%

05 90 95 100 10S 11

No Awnings or inside Shading

Clear Triple Glass

85 90 93

North 23 27 31 35 39 44 19 21 24 26 28 30 12 14 17 19 21 23 17 19 20
NE and NW 56 60 64 68 72 77 46 48 51 53 55 57 27 29 32 34 36 38 42 43 44

East and West 81 85 89 93 97 102 68 70 73 75 77 79 42 44 47 49 51 53 62 63 64
SE and SW 70 74 78 82 86 91 59 61 64 66 6s 70 35 37 40 42 44 46 53 55 56

South 40 44 48 52 56 61 33 35 38 40 42 44 19 2t 24 26 28 30 30 31 33

Mori:. Skylight 160 164 16$ 172 176 181 139 141 144 146 148 ISO 89 91 94 96 98 100 126 121 129

Draperies or Venetian Blinds

North 15 19 23 27 31 36 12 14 17 19 21 23 9 11 14 16 18 20 11 12 14

NE and 14W 32 36 40 44 48 53 27 29 32 34 36 38 20 22 25 27 29 31 24 26 27

East and West 48 52 56 60 64 69 42 44 47 49 51 53 30 32 35 37 39 41 38 39 41

SE and SW 40 44 48 52 56 61 35 37 40 42 44 46 24 26 29 31 33 35 32 33 34
South 23 27 31 35 39 44 20 22 25 27 29 31 15 17 20 22 24 26 18 19 21

Roller Shades Half-Drawn

North 18 22 26 30 34 39 15 17 20 22 24 26 10 12 15 17 19 21 13 14 15

NE and NW 40 44 48 52 56 61 38 40 43 45 47 49 24 26 29 31 33 35 34 35 35

East and West 61 65 69 73 77 82 54 56 59 61 63 65 35 37 40 42 44 46 49 49 50
SE and SW 52 56 60 64 68 73 46 48 51 53 55 57 30 32 35 37 39 41 41 42 43

South 29 33 37 41 45 50 27 29 32 34 36 38 18 20 23 25 27 29 25 26 26

Awnings

North 20 24 28 32 36 41 13 IS 18 20 22 24 1 10 12 IS 17 i9 21 11 12 13

NE and NW 21 25 29 33 37 42 14 16 19 21 23 25 11 13 16 ill 20 22 12 13 14

East and West 22 26 30 34 38 43 14 16 19 21 23 25 1 12 14 17 19 21 23 12 13 14

SE and SW 21 25 29 33 37 42 14 16 19 21 23 25 i 11 13 16 18 20 22 12 13 34

South 21 24 28 32 36 41 13 15 18 20 22 24 11 13 16 18 20 22 II 12 13
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TAME XVIII. SHADE LINE FACIORS
FOR WINDOWS

(Reference, Cooling and Heating Load
Calculation Manual, Table 7.7, Page 7.20)

Direction N Latitude, Deg
Window

Faces 25 30 35 40 45 SO 55

E/W 08 0.8 0.8 0.8 0.8 0.8 0.8
SE/SW 14 1.6 1.4 1.3 1.1 1.0 0.9

S 10.1 5.4 3.6 2.6 2.0 1.7 1.4

Note: Distance shadow line falls below the edge of the overhang
equals shade line factor multiplied by width of overhang. Values are
averages for 5 hr of greatest solar intensity on August 1.

TABLE XII. SENSIBLE COOLING WAD DUE
TD DIFILTRATI(14 AND VENTILATICH

(ftference, Funimantals Handbook,
ASHRAE, 1977, Table 38, Page 25.41)

Design Temperable, F 83 90 95 100 105 1110

infiltration. Btuh/ft2
of gross exposed wall arca 0.7 1.1 1.5 1.9 2.2 2.6

Mechanical ventilation,
Btuh/eftn 11.flA;212.0 27.0 32.0 38.0

TABLE XX. ESTIMATED EGUIVALM RATED RILL-LOAD HOURS OF OPERATION
FOR COOLING EQUIPOENT

(Reference, Systems Handbook, 1976, Table 5, Page 43.9)

Albuquerque. NM 800-2200 i Indianapolis, IN 600 -1600
Atlantic City, NI 500-800 i Little Rock. AR 1400-2400
Simi* Sham, AL 1200-2200 1 Minneapolis. Mt i 400-800
Boston, MA 400-1200 New Orleans. Lk 1400-2800
Budingtos, VT 200-400 New York, NY 500-1000
Cbstiotte. NCCivaz, 700-1100

500-1000
Newark. NY
Oklahoma city. OK

400-900
1100-2000alte

OH 400-800 Pittsburgh. PA 900-1200
Cincinnati. OH 1000 -1500 Rapid City. SD 1100-1000
Columbia, SC 1200-14130 St. Joseph. MO 1000-1600

Christi. TXC=MTX 2000-2500
1200-1600

St. Petersburg. FL
San Diego, CA

1500-2700
800-1700

Denver. CO 400-800 Savannah, GA 1200.1400
Da Moines, IA 600-1000 Seattle, WA 400-1200
Detroit. MI 700-1000 Syracuse, NY 200-1000
Duluth. MN YA/-500 Trenton, NI 8001000
El Paso. TX 1000-1400 Tuba. OK 1500-2200
Honolulu. III 1500-3500 Washington. DC 700-1200
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TABLE XXI. UNIEOW4 PRESERT VALUE DISO3UbTr rAcross FOR ENERGY PRICE
ESOUATICN RATES FROM 0% '10 10% WSW ON A 10% DISZOURI RATE)

(Reference, Life Cycle Costing, IBS, 1978)

Energy Price Escalation Rates

Year 0% 1% 2% 3% 4% S% 6% 7% 8% 9% 10%

1 0.9091 0.9182 0.9273 0.9364 0.9455 0.9546 0.9636 0.9727 0.9818 0.9909 1.0000
2 1.7355 1.7612 1.7871 1.8131 1.8393 1.8657 1.8921 1.9188 1.9457 1.9727 2.0000
3 2.4868 2.5353 2.5844 2.6340 2.6844 2.7354 2.7869 2.8391 2.8921 2.9456 3.0000
4 3.1698 3.2460 3.3237 3.4027 3.4834 3.5656 3.6492 3.7344 3.8213 3.9097 4.0000
5 3.7907 3.8986 4.0092 4.1225 4.2388 4.3581 4.4801 4.6053 4.7336 4.8650 5.0000

6 4.3552 4.4978 4.6449 4.7966 4.9531 5.1146 5.2808 5.4524 5.6294 5.8117 6.0000
7 4.8684 5.0480 5.2344 5.4278 5.6284 5.8367 6.0524 6.2765 6.5089 6.7498 7.0000
8 5.3449 5.5521 5.7810 6.0188 6.2669 6.5260 6.7959 7.0780 7.3723 7.6793 8.0000
9 5.7590 6.0159 6.2878 6.5722 6.8705 7.1839 7.5124 7.8577 8.2201 8.6004 9.0000

10 6.1445 6.4417 6.7577 7.0903 7.4411 7.8118 8.2028 8.6161 9.0524 9.5130 10.0000

I1 6.4930 6.8328 7.1935 7.5755 7.9807 8.4113 8.8682 9.3539 9.8696 10.4174 11.0000
12 6.8137 7.1919 7.5977 8.0299 8.4909 8.9837 9.5095 10.0717 10.6722 11.3138 12.0000
13 7.1034 7.5216 7.9725 8.4553 8.9733 9.5300 10.1274 10.7698 11.4601 12.2020 13.0000
14 7.3667 7.8243 8.3199 8.8536 9.4293 10.0513 10.7227 11.4487 12.2335 13.0819 14.0000
15 7.6061 8.1022 8.6421 9.2266 9.8604 10.5490 11.2964 12.1092 12.9929 13.9539 15.0000

16 7.8238 8.3574 8.9408 9.5758 10.2680 11.0240 11.8492 12.7516 13.7384 14.8178 16.0000
17 8.0216 8.5918 9.2179 9.9029 10.6535 11.4776 12.3821 13.3767 14.4706 15.6742 17.0000
18 8.2014 8.8069 9.4747 10.2090 11.0177 11.9103 12.8953 13.9844 151 891 16.5223 18.0000
19 8.3649 9.0044 9.7129 10.4957 11.3622 12.3235 13.3900 14.5757 15.8947 17.3630 19.0000
20 8.5135 91 857 9.9337 10.7641 11.6878 12.7178 13.8666 15.1507 16.5873 18.1958 20.0000

21 8.6486 9.3512 101385 11.0154 11.9957 13.0942 14.3259 15.7101 17.2674 19.0211 21.0000
22 8.7 715 9.5042 10.3285 11.2509 12.2870 13.4537 14.7688 16.2546 17.93 55 19.8394 22.0000
23 8.8832 9.6446 10.5046 11.4714 12.5623 13.7968 15.1955 16.7841 18.5913 20.6501 23.0000
24 8.9847 9.7735 10.6679 11.6777 12.8225 14. I 241 15.6065 17.2989 19.2349 21.4531 24.0000
25 9.0770 9.8919 10.8193 11.8710 13.0686 14.4367 16.0026 17.7998 19.8670 22.2490 25.0000
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TABLE XXII. COMPARISON OF BENEFIT /COST RATIOS FOR SEVERAL
EXPECTED LIVES OF ENERGY CONSERVATION PRACTICES

(Discount Rate = 10%; Fuel Price Escalation Rate = 10%)

Expected
Life
(yrs)

Net Annual
Savings

(NAS) $

Present
Worth
Factor

Present
Value
of NS

Benefit/Cost
Ratio

%

1 $445 1.0 $ 445 0.57
3 3.0 1335 1.71
5 5.0 2225 2%85
7 7.0 3115 3.99

10 10.0 4450 5.70
15 15.0 6675 8.55
20 20.0 8900 11.40
25 25.0 11125 14.24

(Discount Rate = 10%; FUel Price Escalation Rate = 5%)

1
3

5

7

10

15

20

25

$445 0.9546
2.7354
4.3581
5.8367
7.8118
10.5490
12.7178
14.4367

$ 425

1217
1939

2597
3476
4694
5659

6424

0.54
1.56
2.48
3.33
4.45
6.01
7.25

8.23

TABLE XXIII. COMPARISOI OF BENEFIT/COST RATIOS FOR VARYING RATES OF
ESCALATION IN FUEL COSTS

(Expected Life= i years; Discount Rate = 10%; First Cost = $781;
NAS (1st year) = $445)

Annual Escalation Net Annual Present Present Benefit/Cost
Rate in Fuel Savings Worth Value Ratio

Price (%) $ Factor of NAS %

0 $445 4.8684 2,166 2.77
2 5.2344 2,329 2.98
4 5.6285 2,505 3.21
6 6.0524 2,693 3.45
8 6.5089 2,896 3.71

10 7.0000 3,115 3.99
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