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Preface

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

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

Alternatives are provided in this progran to allow for ific

instruction in energy-saving methods and procedures, or for integration
with construction courses. It may also be used for self-paced instruction.

When used in the ¢lassroam, 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 supplement the
basic mammals., The rescarce persom should consult the teacher guide and
follow procedures given therein,

The material is provided in three parts:

PART (NE: UNDERSTANDING AND PRACTICING ENERGY OONSERVATION IN
BUTLDINGS.

PART TWO: DETERMINING AMOUNT OF ENERGY LOST OR GAINED IN A
BUTLDING.

PART THREE: DETERMINING WHICH PRACTICES ARE MOST EFFICIENT AND
INSTALLING MATERIALS.

For Part Two, it is recamended that the students have acoess to the
cooling and heating load calculation manumal (GRP 158) ASHRAE, 1979. It
is available from ASIRBEI, 345 Fast 47th Street, New York, NY 10017.




Part 2

Determining Amount of
Energy Lost or Gained in a Building

In order to do this, you must be
familiar with terms used in measuring
energy in buildings and have access to
data that give heat flow through various

Heat energy will always flow from an
area of high temperature to an area of

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

- Conduction through the walls,
and floors.

- through the doors and

windows.

- Infiltration of ocutside air into
the living area through cracks in
wi:ﬂmfrmes,.vallsaxﬂ r- =)

e,
- of outside air through
system

Beat can flow into or cut of a hamre
in any or all of these modes at the same
time.

The ocbjectives of this section are
as follows:

- To identify and define the pri
modes of heat flow into and out of

a .
and define the factors
which influence the heat £

into
and out of a bul .
- To evaluate the ty of heat
fiow through typ structural

of the heat flow modes.

To estimate the quantity of heat
lost or gained by a typical building.
= To evaluate the cost benefits of
energy-saving practices.

1"




Procedures are given under the following

headings:

A. Tems Used to Measure Energy in
Buildings.

B, Understanding Heat Iosses and
Gains in Buildings.

C. Estimating Heating Loads in
Buildings.

D. Special Applications for Estimating
Cooling Ioads in Buildings.

E. Estimating Cooling loads in
Buildings.

F. Detemining Cost Benefits of Using
Energy-Saving Practices.

A. Terms Used to Measure Energy in Buildings

There are several temms used in ]
measuring energy in buildings. Most o
them are familiar. From your study of
this section, you will be able to list

heat flow are as follows:
Unit of Heat (Btu).

Rate of Heat Flow (Btu/hr) or (q).

a

b.

c. Heat Flow by Conduction {q.)-
d. Heat Flow by Infiltration {gj).
e. Heat Flow by Radiation (qy).

a. Unit of Hea: (Btu)

The British Thermal Unit (Btu) is the
unseen quantityv of heat that seeks an
equilibrium of termerature between two
temperature differences. By definition,
it is the amount of heat energy required
tora.:.sethetmmratureofme@of
water one degree F (Figure 1). The Btu
Is the te.rmforn'easurn'gheat.

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

For example, note the following
equivalents:

1 Btu = 1 wood match
3,413 Btu = 1 kilowatt nour
1,000 Btu = 1 cu. ft. natural gas
140,000 Btu = 1 gal. fuel oil
13,000 Btu = 1 1b, coal

b. Rate of Heat Flow (Btu/hr) or (q)

Heat flow (g} is the movement of
thermal energy from a point of high
temperature to a point of lower tempera-
ture. It is measured in Btu/hour.

15




c. Heat Flow by Conduction (qe).

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

d. Heat Flow by Infiltration (gj).

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,

€. Heat Flow by Radiation ().

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

enerqgy.

Solar radiation is measured in
langlays or Btu. One langley is equal
t> 3.687 Btu per square foot per day.

Solar radiation varies with latitude,
seasans and weather. For example, a

clood cover will reduce the amount of
solar radiation.

2. TERMS FOR MEASURTNG HEAT CONDUCTIVITY

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

a. Thermal Condtuctivity (k-Value).

b. Themal Conductance (C-Value).

c. Coefficient of Heat Transfer
(U-Value} .

d. Thermal Resistance (R-Value).

a. Thermal Conductivity (k-Value)

Thermal oconductivity 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

thick vhen there is a temperature differ-
ence of 1° hetween sides” Fiqure 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.

i,

—‘/'\-.

HEAT FLOW

12n. -"Z:::::::T’
BTU/HR

E%.——
—

THERMAL CONDUCTIVITY
{k -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 (Pigure 3). Therefore, C-Value 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.

' -~ 13




THICKNESS SPECIFIED
S

/"l“.

-

. HEAT FLow
2in. B_-----2-»

THERMAL CONDUCTANCE
{C-VALUE}

1° DIFFERENC
IN 'I'ME T

—— -

HEAT
FLOW

_-_--.

BTU/HR.

12in.

{ .

COEFFICIENT OF HEAT TRANSFER
(U-VALUE)

FIGURE 3. Thermal conductance.

c. Coefficient of Heat Transfer (U-Value)

The overall coefficient of heat trans-
fer is more meaningful than C-Value tihen
determining the insulating value of a
building section. It inciudes all the
materials and air space in a corbined wall
section. Therefore, U-Values are usel to
detemmine heat losses and gains in

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

As with C-Value, the lower the U-Value
the better the insulation quality.

d. Thermal Resistance (R-Value)

The themmal resistance (R-Value) of
a material is the term most cammonly
used for measuring insulation values.
One reason, it is easier to understand
hecause as the R-Value increases the
value of the insulation increases. The
unit for R-Value is hours x unit area 5
di fference in degrees per Btu, t x ft
x hr/Btu.

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
fram the C<Value and U-Value,

1 1
R=CandR=T

To find the R-Value frgm the k-Value,

thickness of hamogenous material
R = conductivity of material

R-Values are also used to calculate
heat transfer in buildings. Most insu-
lating materials are rated in R-Values.

3. OTHER TERMS

Other terms you will be using are
defined as follows:

a. Infiltration

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

o
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THICKNESS
IN INCHES

e t

RESISTANCE
TO HEAT FLOW

i
AREN e
SQUARE FEET T

THERMAL RESISTANCE
(R-VALUE}

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
fars.

¢. 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

T
O

- Sumer inside design temperature -
78°F
Note: These temperatures all may
be changed in oxder to conserve
more energy. For example,
~ winter - 68°F.
- surrer -~ BO°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 camputed by
ASHRAE. They are listed for different
cities in Cooling and Heating Load
Calculation Manual, ASHRAE, 1979.
I1 gives excerpts from the table.

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

Table

¢g. Heating Degree Day

A heating degree~day is a term used
to describe ocold climatic conditions in
a certain area for oomputing heating
loads. A heating degree-day is the
average nunber of degrees cutside temper-
ature is below 65° for a day. The annual
dearee days are a total of all the degree-
davs for a vear.

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.
Most 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 camputing cooling
loads. A cooling degree day is the
average number of degrees ocutside dry-
bulb temperature above 75% (70°F in
New York and 60°F in Florida). Mltiply
the degrees below 75°F times number of
days to get cooling degree days.

15




i. Discomfort Index

When fiquring air conditioning,
a discomfort index is used instead of
dry-bulb temperature. Using the discom-
fort index, a cooling day is the
average discomfort index abowve 60 for a
given day.

Discanfort index is computed from
hoth the dry-Ialb and wet-bulb tenmpera-
ture (Figure 6).

WET BuLB

WET CLOTH

DRY BULB

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

#

j._ Relative Humidity

The relative humidity influences
comfort or discamfort. It is the
approximate amount of moisture in the
air as capared to the maximm amount
that ocould be there at a specific
temperature. Relative amldity is
&u;t.:ninedbytalmlgﬂlereadimsma
8! psychrareter and referring to a
chart designed for the instrument.

k. Canfort Zome

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

The body is more tolerant of higher
tures at lower moisture levels

(Figure 7).
< L/
L7 1
0% e d
|1
£ y A
Q __J-l-"" /
S L~
I 11 L1
y g T
E 40% ——'/—..-*
g 2% ___.—-1""4
0 o' 80’ »'

DRY BULB TEMP. °F

FIGURE 7. Ccmfort zone.
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B. Understanding Heat Losses and Gains in Buildings

Heat transfer through building sec-
tions is corputed by the use of formalas.
Once you understand the formulas, it is
a simple matter to substitute the values
ard arrive at heat losses or gains.

Fram your study of this section you
will be able to explain which formilas
are used for ining heat transfer
in terme .

They are discussed under the
following headings:

1. Conduction Heat Flow Through
Homogeneous Materials.
Conduction Heat Flow Through
OComposite Walls.

Infiltration Heat Losses or
Gains.

Ventilation Heat losgses or Gains.
Radiation Heat Losses or Gains.
Energy Losses and Gains from
Equipment Operation.

oM W b

. OONDUCTION HEAT FLOW THROUGH
HOMDGENEOUS MATERIALS

The fundamental relationship defining

conduction heat flow through a homogeneous
so0lid is the Fourier equation:

Canductivity of material (k)

Heat Transfer = x surface area {sg. in.)

(Btu/hr) Thickness in inches
X
Temperature Difference
between the sides of the
s‘)lids (t2 - tl) :i.n °F
or
= kA
9 i (t2 - tl)
Where

d. = Heat flow by conduction (Btu/hour).

k™ = Thermal ivity of the material,
Btu/hr x £t x °F x In.

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

{ty = t;) = AT = Temperature difference

the two surfaces of the

solid (°F).

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

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

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

~ A material with a small conductivity
(k) is used.

- The material thickness (L)} is large.

- The temperature difference (t; - tj)
between the two surfaces is kept
small.

- Me area {A) of the wall is kept
small.

. HOMOGENEQUS
1 MATERIAL

i

. - gy
: --f
]

aC -~~~ ""|8TU/HR.

‘-—tj

A=hb
"°=kf~ {tz— 1) ~

HEAT FLOW BY CONOUCTIVITY

FIGURE 8. Conduction heat flow
definition sketch.
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Conduction heat losses in a building
can be minimized by decreasing the
building size, by selecting thick mate-
rials with low thermal conductivities,
ard 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 a:nductivity )
of a material is given for a ified
thickness rather than for a unit
thidkness. Typical cases are 8-inch
concrete masonry blocks, or dressed
timber boards, tWhen the thermal conduc-
tivity is given for a specified thickness,
it is called the thermal conductance (C).
Typical values of thermal conductance are
also given in Table IV.

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

Thermal
Heat Transfer = Conductance x Area x
(Btu/hr) (C) (3)
Temperature
Difference

e =CA (tp - t;) . . . . (Bquation 2)

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

Another common way to describe a
material's ability to conduct heat is
its thermal resistivity (r) and thermal
resistance (R). The resistivity is the
w of the conductivity, whereas,
resistance is reciprocal of the
oconductance. That is, the resistivity
is the material’'s resistance to heat
flow per unit thickness and the resistance

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

Thermal 1l
Resistivity =
(r) Conductivity (k)
1 _ Thidmess of material
= Conductance (C) ~ Condvctivity (k)

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

The conducticn heat flow equation
for a single material can now be .
expressed in terms of thermal resistiv-
ity and resistance by:

Conduction Heat Flow = 1
(Btu-hr) (q,) Resistance (R} *

Area (&) (£t?)
Thickness ) (in) *

Temperature Difference

(ty = tl)
@
9% 71 ty - t)), ard . . . (Equation 4)
=1 .
qc RA (t2 - tl) - 4 & 4 a (quﬂtlm 5)
EXAMPIE NO. 1

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

The thermal 'Elé'?rti&e of the ply-
wood are: .

C=1.60
r=1.2%
R = 0.625




The heat conducted in Btu/hour may
be calculated by either equation (1),
(2), @) or (5):

.qc=r'k§- (at) =

0.8(4x8) (100-70) _ Btu

0.5 1336 o

g, =@ (at) = 1.6(4x8) (100-70) = 1536 Btu
/hr

A -1 (%8) 100401 o cae BEU

9= TL {(a8t) 1.25 0.5 (100-70) = 1536
=2 = 368 = Btu
LR {at) 0,625 (100~70) 1536 /hr

2. CONDUCTION HEAT FLOW THROUGH COMPOSIVE
WALLS

If structural components were made
of single hamogeneous materials, equa-
tions (1), (2), and (4) would be adequate
to estimate conduction heat flow. Most
wall partitions, however, are composite
walls. That is, they are constructed of
two or more materials as shown in Figure
90

COMPOSITE WALL

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 (Ry)
of the composite vall 1s the sum of the
resistance of each component of the wall.
In equation form

Fp =R *+ R,
Rp = L/k) + L/k,

. « . (Bcquation 6)

By placing the total thermal resis-
tance into the conduction equation, the
conduction heat transfer throwgh a
camposite wall is

1
9 =g (B . ... (Bpation 7)

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

.= it} . . .. . (Bpation 8)

vwhere U = overall heat tEansnission
coefficient, Btu/hr x ft< x °F.

wen ining the overall thermal
resistance of a wall, it is only neces-
sary to add up the resistances of each
camponent in the wall. Fortunately, the
total thermal resistance and overall
themmal transmission coefficients are
tahxlai:ed for many partition construc-
tions

L]

*From Table V.,

-ty
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The following example will
illustrate how to evaluate overall
transfer coefficients and heat flow
through camposite walls.

EXAMPLE NO, 2

Evaluate the oconduction heat
transferred through a 8' x 10' wall
section composed of 3/4-inch wood
siding, 3 1/2-inches fiherglass
insulation and 1/2-inch gypsum
board (Figure 10).

Outside tamperature (t_) 10°F.
Inside temperature (ti? 68°F.

R-Values *

Outside film 0.17
Wood siding 0.81
Sheathing 1.32
Insulation 11.
Gypsum board 0.45
Inside film .68

RT = 14.43
*From Table V

NOTE: There 1S a small amount

inside surface of materials.

gc = UA (at)

RT = Ro + Rgh + Reood + Rinsul +
Rgb + Ri = 0.17 + 1.32 +
0.8F + 11.0 + 0.45 0.68 =

14.43
Thus U = 1/RT = 1.14.43 - 0.069
and qo = 0.069 (8x10) (68-10) =
321 Btu/hr.

i

B Xin. WOOD SIDING
e
=TTy 3%in. FIBERGLASS
' INSULATION
d K%in. GYPSUM
| BGARD
; /'M‘#.?Eéﬁkho
OUTSIDE :
QUTSIDE SHEATHING
INSIDE AIR FILM
L O =6 8°F
t, =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 p-0.081. The
i between U calculated

(.069) and U tabulated (0.081) ig
that the tabulated values account for
the difference in thermal resistance
at the studs and between the studs.,
The tabulated U-Value is the weighted
average of the U-Values at and
between the studs.

To illustrate the value of
insulation, consider the same
camposite wall, hut remove the
3 1/2 inches of insulation. Now
the insulation is replaced by a
vertical air space which has a
resistance of 1.0l and

Rp=Ro+ Ran * Rood * Rair * Ry

= 0.17 + 1.32 + 0.81 + 1.01 +
0.45 + 0.68 = 4.44
and U=1/R = 1/4.44 = 0.23

and q. = UA_at) = 0,23 (8x10)
(68-10) = 1044 Btu/hr



Note that by removing the
insulation, the heat flow by
conduction through the wall
increased from 321 to 1044 Btu/hr.
The heat loss increased by a
factor of 2.25.

EXAMPIE NO. 3

To illustrate the influence of
indoor temperature upon heat loss
from a building, consider again the
insulated wall section with U -
0.069. Cowpare 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 (at) = 0.069 (80)
(60-10) = 276 Btu/hr.

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

temperature fram 60° to 72°F, At
increased and thus increased the
heat loss throuwgh the wall by 66
Bty hr, or by 24%.

3. INFILTRATION HEAT LOSSES OR
GAINS

e ——

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

In estimating infiltration heat
flow, it is necessary to estimate
first the wlume, or cubic feet, of
air which flows into
The quantity of air flow is dq:erﬂent
won many factors, including the
rumber ard sizes of cracks in the
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 mmber of air changes
occourring 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 room per hour
equals the volune (length x width x
height) of the yoom,

156t @

20ft. @ ©,

. — | /\=n

[—15ft.—ele—— 261, ———

FIGURE 11. Plan view for infiltration
volume jllustration.

In residential construction the
air e method is sufficiently
accurate for 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.

EAMPLE NO. 4

To illustrate the air
method, estimate the infiltration
air vwlure for the sinple house
plan show in Figure 11, if the
ceiling height is 8 feet and if the
windows are not weatherstripped or
storm asashed.
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The infiltration air volume for
each roam is estimated by the
formuala:

Infiltration volume = Qi = Air
exchanges x room volume

For room (1}): Q. = 1.5 (15x15x8)
= 2700 ¢u., f

For room (2): Q. = 1.0 (15x20x8)
= 2400 cu £t/

For room (3): Q. = 2.0 (20x25x8)
= 8000 cu

For whole

house: Q; = 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 ccol
the air to the temperature of the
living area can be calculated by
the fomula:

g; = (0.018) Q (& ~¢€) . .

(Equation 10)

Infiltration ieat losses can
now be 1llustrated by considering
the house in Figure 11 and equation
10. The infiltration heat loss will
be calculated when the outside
tamperature is 10°F and the living
area teawperature is 65°F.

q; (0.018) Q (to - ti)

0.018 (13,100) (65-10)

il

12,970 Btu/hr

Notice that by weatherstripping
the windows or adding storm windows,
the infiltration heat loss ocould be
reduced by 1/3, or

q; = 2/3 (12,970) = 8,650 Btu/hr
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4. VENTILATION HEAYT LOGSES OR
“GATNS

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

G, = 0.018 (Q,) (at) . ..

(Bquation 11)
where q, = ventilation heat loss
or gain, Btwhr
Qv = ventilation air volume,
cu ft/hr

The ventilation air wlume for
residences is usually small as
compared to infiltration air volume.

Table VII gives typical venti-
lation air volumes.

In most single fanily residences
the air exchange obtained by infil-
tration satisfies the ventilation

i . 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,
Clzr and substitute Q, into Puation

5. RADIATION HEAT LOSSES OR GAINS

Radiation heat flow is far nore
important in cooling applications
during warm weather than in hbating
applications during cold weather.
Thus, our primary concern will be to
estimate solar radiation heat gains
during warm weather.




Solar radiation heat gains in since dark colored walls absorb

residences may be conveniently larger quantities of soplar radiation,
divided into two categories: whereas lightly colored walls tend
to reflect a large portion of the
a. Opaque Exterior Surfaces. incident solar radiation. Typical
b. Windows and Transparent values 0f sol-air tamperatures are
Surfaces, given in Table VIII for a latitude

of 40°N on July 21.
a., Opague Exterior Surfaces

Table VIII illustrates vividly

When solar radiation strikesg a the effects of surface oolor,
bailding roof or wall, ‘it increases orientation and inclination upon
the tenperature of the huilding sol-air temperatures. For exanple,
surface to a level above the out- at solar noon, when outside air
side temperature. The increased temperature equals 90°F, sol-air
surface tenmperature thus changes tenmperatures of vertical surfaces
the temperature difference between varied from 96 to 112°F dependent
the inside and outside wall surfaces. upon corientation. At the same time
Recalling the conduction heat the dark oolored vertical surfaces
transfer equation, =W (t_ -t.), experienced sol-air temperatures
an increase in t_ wo increfse * between 103 and 134°F. Comparison
the corduction héat transferred of sol-air temperatures for hori-
through the wall or roof. zontal surfaces at solar noon

indicates a difference of 172-127°F,

A convenient method for acoount- or 45°F, between dark and light
ing for the solar radiation heat oolored surfaces.
load in a building is to use an
equivalent air temperature called LAMPLE NO. 5
the sol-air temperature. Sol-air
taperature is the equivalent out- Estimate the total heat trans-
door air temperature which would ferred through an 8' x 10' vertical
yield the same heat transfer through wall section at 4 p.m. on July 21.
a wall by conduction alone as that Assume the wall has an overall heat
transferred due to the conduction transfer coefficient of 0.02, west
heat transferred under the actual facing orientation, is lightly
outdoor temperature and solar radia- oolored, and is located at 40°F
tion. By using the sol-air tempera- latitude. Also assume an inside
ture, t , instead of the actual air temperature of 75°F and an

outdoor“temperature, t , the cambined  outside air temperature of 94°F.
corduction and radiatiSn heat trans-

ferred through opague surfaces is Doy
estimated by equation (12):

#

L7} (te - ti)

it

0.02(8x10} (131-75)

=un (t_-t) .. (Bquation 12)
Yo e 1 89.6 Btu/hr

L]

Yer
The design sol-air tamperature
is dependent upon the solar radia-
tion intensity. Thus, sol-air
temperatures are deperdent upon the
time of the year, geographical
location, the orientation of the
surface (Nr 5, E; w)f the inclina-
tion of the surface (horizontal or
vertical), and the color of the
. wall. The wall color is significant

$o




b. Windows and ‘Iransparent Surfaces

Solar radiation affects the heat
gain through transparent surfaces in
two ways. First, the combined
ﬁon 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 heat gain inside the
roam by transmission. In summary,
the total heat gain through glass
areas eguals the heat flow duve 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
vith respect to the North, the
degree of shading and the trans—-
mission coefficient of the glass.

6. ENERGY LOSSES AND GAINS FROM
BOUIPMENT OPERATION

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 system. On the other hand,
heat producing equipment adds to
the cooling load.




C. Estimating Heating Loads in Buildings

On completion of this section
you will be able to estimate the
heating load for a bui using
the tables at the end © is sec~
tion and calculating the heat flow
in Btu/hr. General procedures are
as follows:

1. Find the thermal resistance (R)
and the overall transmission
coefficient (U=1/R) for the
Wal].S, ceil_imsf I.'OOf; wj-rlm
and floors from working
drawings and/or tables.
Excerpts are given in Tables
vV and I,

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

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

2, Establish the desired inside
air temperature,
Generally 68°F, winter, and
78°F, summer.

5. Calculate the heat loss by
conduction through each
camponent of each room using
Q.= WA at).

6. Calculate the conduction loss
fram each room by adding losses
through each component.

7. Calculate the total conduction
heat loss from the building by
adding the conducticn losses
from each room.

8. Estimate the infiltration heat
loss Ex:om each roam using

9. Calculate the total infiltration

loss by adding the infiltration
Tosses fram each room.

10. cCalculate the heat loss fram

the entire building by adding
the total heat losses due to
corduction and inf:.lt.ratzm
{or ventilation).

11. Estimate the seasonal heating
load.
Follow procedures under Section
7.

EXAMPLE NO. 6 CALCULATING HEATING
LQAD
The building used in this example
has been kept very simple in order to
aphasize procedural details rather
than construction details (Pigure 1l).

Data and calculations are
recorded in Worksheet 1 to help you
understand how to do a Worksheet of
vour own from a new or existing

building.

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

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

~ The design indoor temperature is
65°F in all rooms.

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

= The exterior walls are of 2" x 4"
frame construction with studs 16
inches o.c. The space between
studs is filled with 3 1/2 inches
of insulation with an R-value of
11. The inside of the wall is
covered with 1/2-inch
wallboard, while outside is
sheathed with 1/2-inch asphalt

ted wvallboard and
2 x 8-inch wood siding.
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- The interior walls are uninsu- 6. Calculating Total Heat Flow.
lated and have 1/2-inch gypsum

wallboard on each surface. 7. Estimating Seasonal Heating
- Load.
- The ceiling construction consists .
of 1/2-inch gypsum wallboard, and 8. Comparing Energy-Saving
2" x 8" celling joists (16" o.c.). Practices.

The space between the Jjoists are
filled with 6 inches of R-19

blanket insulation. 1. DETERMINING THERMAL RESISTANCE
- The roof has a slope of 1:3 and {(R-VALUES) AND OVERALI, TRANS-
is constructed of 2" x 4" HMISSION CORFFIGLENTS (U-VALUES)
rafters, 16 inches o.c. and ]
covered with 5/8-Inch plywood These values are discussed under
sheathing, felt building paper, the following head.l.nqs and recarded
and asphalt shingles. in Worksheet 1:
- The windows are all 36 x 60 a. Walls.
inches in size and are doubly .
Insulated glass, 0.125 inches b. Ceilings.
thick with .25-in air spaces.
E— c. Floors.
- All doors are of l.5-inch haick
wood construction without storm d. Uindows.
doors. The dimension of each
door is 36 x 80 inches. e. Doors.
-~ The ceiling height is 8 feet,
a. Walls
- All doors ard vindows are .
weatherstripped. Proceed as follows:
1. Find U-Value from Table V.
SOLUTION:
) U-Value (Avg.} = .08l
FPollow steps given under the Mote reccrded in Worksheet 1.
following headings and observe the
recorded values in Worksheet 1. 2. Carpute R-Value.
l. Determining Thermal Resistance R=Value = ~—-]-'— = 12.35
(R-values) and Overall Trans- .081
mission Coefficients (U-Values). b. Ceilings
2, Determining Areas of Building .
Companents. PPoceed as follows:
3. Detemmining Design Temperatures.
4. Calculating Heat Flow by
Conducticn.
5. Calculating Heat Flow by
Infiltration.
() \'
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1. Pind U~value for roof fram

Table IX. The ceiling and roof act
i1nation in determining the

heat loss through the roof area.
Table IX gives the U~ and R-Value.
for a pitched roof (with a 45°
slope) with reflective and non-
reflective air spaces. This example
building has a slope of 1:3 (approxi-
mately 20°), 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 no insulation, 0-0.273
(From Table IX, for winter condi-
tions with heat flow up).

2. Find ceiling-roof combina-
tion with insulation (R-19) fram
Table X,

(1) Enter Table X with a U=-Value
of 0.273 or approximately
0.30 in the first colum.

(2) Proceed to the right to the

ocolum most hearly corres-
ing to the installed

RValue of insulation
(R=20) .

{3) Read directly the overall
transmssion coefficient
of the roof-ceiling cambina-
tion.

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

25.

Note U-=Value recorded in
Worksheet 1. By using the
rocf-oeiling combination for
the R-Values, the design out-
side and inside temperatures
can be used in future heat
loss calculations. It is not
necessary to evaluate the
attic space tamperature. If
the attic is well ventilated,

use the R-Value for the ceiling
construction and outside design

air temperature.

¢. Floors

The R~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 cutside design terpera-
ture of =10 to -20 F.

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

S0 Btu/(hr=Ft)
d. windows

Proceed as follows:

1l. Find y-Value for double insu-
lated .25 inch air space 1n Tabie XII.
Double insulated, no indoor shade,
winter:

U=Value = 0.58.
Note recordings in worksheet 1.

2. Campute R-Value.

R-Value = 1 =1,72.
0.58

e. Doors
Proceed as follows:

l. Find y~value for l.5-inch doors
vrithout storm doors In Table XIII.

U-Value = 0.49
llote recordings in Worksheet 1.




2, Compute R-Value.

- = 1 z=

2. DETERMINING AREAS OF BUILDING
COMPONENTS

Assune that all the rooms are to
be kept at the same tenperature.
Then there will be no heat transferred
through interior walls, and it is
necessary only to calculate the area
of the exterior walls. To illustrate,
find the required areas for room 3
in Figure 11 as follows (See tiork-
sheet 1):

1. Cawpute exterior wall area
{Room 3).

25' x 8' - 3' x 6.67' = 180 fi>
25' x B' - 3'x5' - 3'x5' = 170 f£t2
20" x 8' - 3' x5 = 145 ft2

Total 495 fi2

2. Camute ceiling area (Foam 3).

20" x 25' = 500 £t2

3. Compute window area (Room 3).

3(3 x5 = a5 £t

4. Campute door area (Room 3).

3 x 6.67 = 20 £t2

5. Compute exposed slab length
{Room 3).

25' + 20" + 25! = 70 £t.

6. Calculate areas for other
roums In the same manner.
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3. DETERMINING DESIGN TEMPERATURES

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

2. Select outside design
temperature (t,.). Outside design
temperatures for Philadelphia, PA
are given in Table II. Two winter
design conditions are given; ane
under the 99% colum and one under
the 97.5% colum. 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
terperature is usually adequate.

Thus, the cutside design

tenperature, t., is 14°F and
t{ = t, = 6514 = 51°F.

4. _CALCULATING HEAT FLOW BY
COtDUCTION (g}

Proceed as follows (see Work-
sheet 1): (Calculations are shown
for room 43 only.)

1. Find heat flow throwgh walls
{Rocm 3).

q. (walls) = U (wall) A (wall) (tj-t,)
o = -081 x 495 x 51 = 2045 Btu/hr

2. Find heat flow through
celling (Room 3).

q., (ceilings) = U (ceiling-roof)
A (ceiling) (tj-t,)

qc=.04x500x51=10203tu/hr

)




3. Find heat f{low through floor

{Room 3).

q. (floor) = factor fram Table XI
x exposed length of slab

qe = 50 x 70 = 3500 Btuw/hr

4. Find heat flow through
windows (Room J).

q {wvindows) = U (windows) A (windows)
(ti - tO)
Qe = 0.58 x 45 x 51 = 1330 Btu/hr

5. Find heat flow through
doors (Rocm 3).

q. (doors) = U (Doors) A (boors)
(t - to)
q. = 0.49 x 20 x 51 = 500 Btu/hr

6. Find total heat flow through
2ach roam,

From steps 1, 2, 3, 4 and 5:

For roam 3, 2045 + 1920 +
3500 + 1330 + 500 = 8395

Btu/hr.

HOTE: The values for rooms 1
and 2 are cbtained in the same
marner as those for room 3.
The values are summarized and
listed in Worksheet 1.

7. Find total heat flow by
conduction from burlding.

AGd heat flow for each room.

(room 1) = 4959°
de (room 2) = 3936
qc (room 3) = 8395
Total q, = 17,290 Btu/hr

5. CALCULATING HEAT FLOW BY
INFILTRATION

Calculate the infiltration heat
losses from each room as follows
(see Worksheet 1):

1. Find air exchanges (Q;) from
Table VI. Use 2/3 since windows
have storm sashes (Table VI).

Qj (Room 1) = 2/3 (1.5) (13 x 15 x 8)
= 1800 £t3/hr

Q; (Room 2) = 2/3 (1.0) (15 x 20 x 8)
= 1600 ft3/hr

9; (Room 3) =2/3 (2.0) (20 x 25 x 8)
= 5360 ft3/hr

2. Find heat flow by infiltra-
tion for each room (q;).

q; = .018Qi (at)
g (Room 1) = .018 (1800) (51)

= 1652 Btu/hr
a; (Room 2) = .018 (1600) (51)
= 1468 Btu/hr
q; (Room 3) = .018 (5360) (51)
= 4290 Btu/hr

3. Pind total heat flow by
infiltration ().

234 heat flow from each room:
1652 + 1468 + 4920 = 8040 BtuMr

6. CALCULATING TOTAL HEAT FLOW

Add beat flow by conduction and
heat flow by infiltration.

= 17,290
§g= 8,040
q = 25,330 Btu/hr

NOTE: A blank Worksheet 2 is
provided for you to calculate
heat flow from your own new or
existing building (in the
student workbook) .
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Ovarall Heat Tranafer Qosff 1)) m
mmrwﬁgr%—. (ti) 65°F

sm!'lmﬂsglh /=Tt &=F Outside Temperature (to) 14°F
Windows 0.58 Btu/hr-ft2-oF
Doors o.ﬁ'&u/hrtt{'?
Tranmmission Surface Termp. Conduction Infiltration  Infiltration
Building Coefficient Area Difference Losses Air Rate Losoes
Roam Cowponent {v) (A (ti=-ts) QmUn( t) Exchange Q) g;=.019Q; ( t)
I
gicum_am .gl 330 51 1363
oot . 225 51 459
Floor - - - -
1 Slab S0+ 45* - 2250+
wWindows .58 30 51 887
Doces 49 0 51 0
TOTAL ROOM LOSS 134 1.5 1800 1652
Ext. walls .081 260 51 104
Ceiling-roof .04 300 51 612
Floor - - - -
2 Slab S0% 35* - 1750+
Windows .58 0 51 0
Doors .49 20 51 500
TOTAL ROCM LOSS 0% 1.0 1600 1468
Ext. walls .081 495 51 2045
Ceiling-roof .04 500 51 1020
floor - - - -
3 Slab S50* 70* - 3500*
Windows .58 45 51 133
Doors .49 20 51 500
TOTAL ROCM LOSS 7398 2.0 5360 4920

%STab Loss - Factor from Table XJ x Bposed Perimeter Length.

Total Conduction Loss = 4959 + 3936 + 8395 = 17,290 Btu/hr.
Total Infiltration [oss = 1652 + 1468 + 4920 = 8,040 Btu/hv.

Total Heat Loss = 17,290 + 8,040 = 25,330 Btwhr. o
Q ‘ 3u 3‘;




7. ESTIMATING SEASCNAL HEAT 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 same other ific,
temperature. This occurs for only a
few hours, or instants, during the
heating season. The seascnal 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

Day Method has been recormended
by ASHRAE 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
nuber of hours in the heating season
for which the outdoor temperature is
below 65°F. The total nuwber of
hours for which the outdoor tempera-
ture is less than 65°F is called the
nuber of Degree Days for the
building location. The number of
degree days is dependent upun climate.
Typical values are summarized for
several locations in Table II.

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

gxDx24
g = At

where q = seascnal heat loss, Btu
q = heat loss at design
temperatures, Btu/hr
D = number of degrea days, F.

days
At = design temperature differ-
ence, °F
24 = 24 hour day

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

9.
eoq X%

Y XV

where £ = seasonal fuel or energy
consumption
CD ocorrection factor heat
G

loss differences

correction factor for

partial loads for fuel-

fired systas. (Use 1.0

for electric resistance

heating.)

y = rated full load efficiency
of heating equipment
(Gecimal value).

v = heating value of fuel in

units consistent with

E and g . (Btu/gal,

Btu/cu. ft, Btu/kwh)

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

and C
S

CXAMPLE NO. 7. SEASONAL HEAT LOAD

ESTIMATION.

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

Step 1: Evaluate the seasonal heat
loss.

q, =qxXDx 24
t

q = 25,330 Btu/hr (From Example

Problem No. 6, Worksheet 1)

D = 5144 degree days (Table IT)
At =65°14° = 51°F

3




25,330 x 5,144 x 24
51

61,300,000 Btu/season.

‘musq3=

Step 2: Evaluate rhe @ntity_gf
fuel required per heating
season.

E = (g o xG

Y XV
CD = 0.83 (Table XIV at 14°F
design temperature).

Cr

Y

"

1.56 (Table XV for 25% over-
sized heating unit.)
Efficiency .75, fuel oil;

1.00 electsmty
800 Btw/ft” gas.
144,000 Btu/gal fuel oil

3,413 Btu/kwh electrical
energy.

Thus the estimated quantity of fuel

consumeq is

E = 61,300,000 (3 9525720)
132,000 cu. ft. gas.

(L |

v
v
v

_ 0.83 x 1.56 .
E = 61,300,000 (5*5== 743,000 -
735 gal. fuel oil

1.0 X 3413)
23,250 KWh electrical energy.

8. OOMPARING ENERGY-SAVING PRACTICES

It is often desirable to campare
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 Exanple No. 6 will be
used to compare the energy consumption
for the house specifications as given
and for the same house without any
insulation or weatherstripping. Aall
the calculations will not be shown for
the winsulated 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 must be

corrected for the modified house
specifications; namely, the trans-

rission coefficients for the walls,
ceilings, and slab and the air
exchange rates. These oorrections

along with their consequences ars
sumarized in Worksheet. 2.

EXAMPLE NO. 8@

COMPARING ENERGY-

1.

SAVING PRACTICES
Evaluate the design heat loss

for the modified specification (o

insulation or weatherstripping).

)
wiJ

(1) Change exterior wall
transmssion ooefficient
to 0.206 (Table V).

gﬁ%e oei% -roof trans-
riss coefficient to
0.273 (Table IX).

Change slab trangmission
factor to 60 (Table XI).

{2)

(3

(4) Calculate new conduction

loss column entries,

{5) Calculate new total conduc-

tion loss entiy.

(6) Charge infiltration rate to
full value as given in Table

VIL.

(7) Calculate new infiltration

loss entries.

(8) Calculate new total infiltra-

tion loss entry.

{(9) Evaluate total heat loss.




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

(1) For the insulated, weather-
i i

000 B

(2) For the wninsulated, non-
stripped building,
gg—%%i x 61,300,000 =
r

122 million Btu/season.
(3) The increase in heat loss is

.3, Or 60.7 mi
Btu/season.
This represents an increase
of 60.7

o133 = 9%%.

3. Ewvaluate the change in the

quantity of fuel required per season.

Use fuel oil for the illustration.

(1) For the insulated, weather—

. stripped building.
E = 735 gallons fuel oil/
season.

(2) For the insulated building,

E = 122,000,000

(3) Find the increase in fuel
oll consunption.

1535 - 735 or 800 gallons.

083x156
5751: 13,06

= 1535 gallons fuel oil/season

The annual oost 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 sinply the
change in fuel consumption times
the unit fuel cost. In the illustra-
tion just conpleted, if the cost of
fuel 011 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 couwrse, as fuel costs
increase, the dollar savings will
also increase.

2
w




HEAT FLOW CALOULATIONS

WORKSHEET 2.
Overall Heat Transfer Coefficients (U)

206

M—f&-’r .23
3

60

Owiling=-Roof
Floors WA Bou/he~

Slabe 50 Bru/Mr-ft
Windows 0.58 Btu/hr-ft2-*F
Doors 0.4 Bewhr-£r2-°F

m Temperature (tj) 65°F

Qutside Temperature (to) 14°F

Tranmmission Surface Terp. Infiltration  Infiltration
Building Qoefficient Area Dif ference Losses Alr Rate losses
Foam  Component w a (ti-ty) GgoA(t)  Exchange @) qj=.01804 { t)
Bxt. valls 8T ko 330 51 1363 Feo7?
gi“m-g-mof Lot .273 225 51 AT /33
1 Sl S0 60 45 - 2250* 2700
Windows .58 30. 51 887
Doors .49 0 51 0
TOTAL ROOM LOSS J!E!;q'“ 1.5 000" 2200 IR5Z Au2g
Ext. walls S8 206 260 51 X 2.2/
oﬂeg:nq-mof ¢ 222 300 51 N7 $7r
2 Slab 50* GO 35+ - 1350 2200
Windows .58 0 51 0
Doors 49 20 si 500
TOTAL ROOM LOSS DR gses 1.0 _1600 2900 WU68° 2203
H
Bxt. walls L8Y 200 495 51 2045 &200
Ceiling-roof L0272 500 51 1020 beéa
Floor - - - -
3 Sslab -50% 60 700 - 500" 4 200
Windows .58 45 51 1330
Doors .49 20 51 500
TOTAL %JOM LOSS .5!!5“ 192 29 530 Tooo _492‘073“"‘
(AR

¥sTab Toss - Factor from Table XI x Dxposed Perimeter Length.

Total Conduction Loss = 4989 + 3036 + 5393 = 33-290 Bruhr. /G/87 + 9,508 +
Total Infiltration Loss = 1652 + 2468 + 4920 = 5;010 Btu/fw. Q%78 + 21e3 ¢
Total Heat Loss = 137290 + S7040 = 267330 Btu/hx.

32880 + /3028 = =f Wi

(8192, = 32 B8 Bew by,

72e¢ = {2 028 Béu/4r.
l%c/lr /




D. Specia! Applications for Estimating Cooling Loads in Buildings

Cooling loads in buildings differ
from instantaneous heat gain calcula-
tions because of flywheel effects.
That is, same of the heat gained
during the hottest portion of the day

is stored in the building furmishings,

walls and partitions and need not be
removed until sometime later when
the outdoor “emperatures are lower
and the instantaneous heat gain is
smaller. Numerous techniques have
been devised to acoount for this
flywheel affect when calculating
residential oooling lcads.

Cooling loads are estimated hy
evaluating sensible cooling loads
due to: (1) heat gain through
floors, walls, ceilings; (2} windc;ws:
BThﬁhmumaﬁvmuhuman
exchange; and (4)
the latent coolhg%
required to control and remove
exczss moisture) is evaluated. A
ntle 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
and cooling loads, discussion
18 given under the following
headings:

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

2, Cooling Load Due to Windows.

3. Cooling Ioad Due to
Infiltration.

4. Cooling Load Due to Occupancy.
5. Llatent Cooling load.
6. Total Cooling Load.

1. OOOLING LOAD DUE TO HEAT GAIN
THROUGH WALLS, FLOORS, ROOFS
AND CEILIIGS

The cooling load due to heat gain
through struct scal camponents may be
calculated by using an equivalent
difference between the incide and
outside temperatures in place of the
actual indoor-outdoor temperature
differences. Typical values of
Bquivalent Temperature pifferences
(EID) are given in Table XVI. The
ETD takes into account such factors
as sol-air tures, construction

, thermal flywheel effecl:s, and
ytaggram ranges, and outdoor
design temperatures. The oooling
load due to structural components is
obtained using equation (13):

Ges = UA(ETD) . . . Bquation (13)

To enter the table of EID's, one
must obtain both the outdoor design
tenperature and the range of daily
temperatures for the building site
(Table II). ETD's are given in 5°F
increments of design temperatures
fram 85°F to 110°F (Table XVI).
Daily temperature ranges are given
for 3 conditions: 1I1(0~15°F),
HM(15~25°F), and H{over 25°F). EID's
for design temperatures not listed
can be cbtained by adding 1°F to
the tabulated value for each degree
increase in design tenmperature. 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.




2., QOOLING IOAD DUE TO WINDCMS

The equivalent temperature
difference concept has also been
adopted to sinplify cooling loads
due to heat gains through window
areas. Typical values of equivalent
taperature differences (ETD) are
given in Table XVII. The EID'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 campass
POiITtS (N‘r S‘r E'W' etc.)' aIﬂfOI'4
window treatments (no drapes,
draperies, roller shades, and
awmings) . The ETD's are based-upon
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 ETD's. Most permanent shades
will shade only a partion 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 extend dowrward over the
shaded wall for a distance equal to
the shade line factor {from Table
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 EID.
Note that NE and W facing windows
are not effectively protected by
vemanent shades.

4
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3. OOOLLG LOAD DUE TO INFILTRATION

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

4, ODOLING IOAD DUE TO OOCUPANCY

The cooling load due 0 occu-
pants and appliances 1is usually
approximated. The load per occu-
pant is approximately 225 Btu/hr
and the nuber of ocoupants may be
estimated at twice the nuwber of
bedroams 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. IATENT QOOLING LOAD

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

6. TOTAL QOOLING LOAD

The total oooling load is the
sum of the sensible cooling load
through the structural camponents,
windows, infiltration gains, occu-
pancy gains, and moisture remowval
(latent cooling load).




WORGHEET 3. COOLING LOAD ESTIMRTION

Overall Heat Tranmmission Cosfficients (U) Design Terperatives
Ceiling-Roof Coelbo 0.04 Btu/hr-fr2-°F Inside Temperature 75°F
Floors Btu/he-TeZ-*F Outside Temperature 90°F
Slabs SO BEu/r-ft Mean Daily Range 21°F

Windows 0.58 Btu/hr-ft2-*F
Doors 0.49 Beu/hr-ft2-*F

Heat Conduction ~ Groes Infiltration Occupancy  Total Total
Tranamission Sensible Infil- Exposed  Sensible Cooling  Sensible  Cooling
Building Coefficiemt Oooling Iocad tration wmll Oooling Ioad Ioad  COooling Ioad load
Foon  Component w Area EID (Btu/hr) Factor Area {Btu/hr) (Btu/hr) (Btu/hr) {Btu/hr)
Bxt. wWalls 0.081 330 18.6 497
Ceiling-roof 0.040 225 31.0 )]
Floo - - - - -
Slab 2 0 0
1 Doors 0.49 0 18.6 0
Window (N} 0.58 15 17.0 148
Kindow (W) 0.58 15 56.0 487
window ( ) - - - -
Window ( } - - - -
TOTAL I 1.1 360 . 1650 3457 4494
Bxt. walls 0.081 260 18.6 497
Ceiling-roof  0.040 300 31.0 372
Fleor - - - -
Slab - 25 O 0
2 Doors 0.49 20 18.6 182 .
Window ( } - - - -
Window ( } - - - -
wWindow ( ) - - - -
Window () - - = -
TOTAL 53¢ 1.1 280 308 0 1254 1630
Bxct. walls 0.061 495 18.6 746
Ceiling-roof  0.040 500 31.0 620
Floor - - - -
Slab - 25 0 0
3 Doocs 0.49 20 18.6 182
Window (N} 0.59 30 17.0 296
Window (F) 0.58 15 56.0 487
Window ( ) - - - -
Window ( } - - - -
TOTAL 3N 1.1 560 616 0 2947 3831
TOTAL OOOLING LOAD = 4494 + 1630 + 3831 = 9,955 Btu/hr




E. Estimating Cooling Loads in Buildings

The oooling load for a Huilding
can be estimated by using the tables
and caleulating the heat gained in
Btu/hr. From this section you will
be able to calculate the cooling
loads in buildings. General pro-

cedures are as follows:

1.

Estimate the overall heat
transmission coefficient,
T0}, for walls, cellings,
roof, windows, doors and
floors.

Refer to Tables IT, III,
IX, X, XI, XII, and XTII.

Figure the surface areas of
the walls, ceilings, floor,
windows, doors and floors on
each rocom,

Fing the design indoor and
cutdoor temperatures.

Refer to Table TII.

Determine the equivalent
temperature differences,
ETD, for each coamponent in
eacn roam,

Refer to Table XVI.

Evaluate the oconduction
sensible cooling load

required for each component.

Use equation 13, Q. = UA (ETD).

Evaluate the oconduction
sensibie cooling load for
eact rocm.

Add oooling load for each
component.

7. Evaluate the infiltraticn
sensible cooling load in each
room by wsing factors in
Table XIX and the gross
exterior wall area and
mechanical ventilation rates.

8. Evaluate the total sensible
¢ooling load for each room by
the conduction sensibie

adding ¥
oooling load and the infiltra-
tion sensible cooling loads.

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

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

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

EXRMPLE NO. 9. COOLING LOAD
CALCULATTON

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

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

= The roof is unshaded.

= The roof is 25 mn oolor.

= The house eaves are too narrow to
do any effective shading of
windows.

= Desired indoor temperature is 75°F.

= All windows have roller ghades
half Arasm.

= Assume noO mechanical ventilation.

= Assume Rocm 1 1s 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
your own from a new or existing

building.
SOLAUTTION :

Follow steps given under the
following headings:

1. Determining Thermal Resistance
(R-Values) .

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

3. Determining Areas of Building

Ccnponents
Design Tempera-

tmres and Mean Daily Range.

5. Finding Bguivalent Temperature
Differences (ETD's).

6. Calculating Conduction Sensible
Coohng Loads.

Estimating Occupancy Cooling

Ioads

8. Calculating Infiltration
Sensible Cooling Loads.
9. Calculating Total Sensible
Qooling Loads.
. 10. Caleulating Total Cooling
Ioad.
ll. Estimating Seascnal Cooling
Load.

12. Comparison of Seasonal Energy
Used for Cooling.

1. DETERMINING THERMAL RESISTANCE
{R-VALUES)

Follow procedures under "C.

Example Problem No. 6.

2. DETERMINING OVERALL HFAT TRANS-
MISSION OOEFFICIENTS (U-VALUES)

These are discussed urnder the
following headings and given in Work-
gheet no. 3

Walls.
Ceilings.
Floors.
Windows.
Doors.

pRopw

Estimating Heating Ioads in Buildings,”

a. Wails
= .08l (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.

0

Fram Table IX, U = 0.262.

0.04.

Fram Table X, U

NOTE that U did not change in
this example between sunmer and
winter conditions. This is
because the R-19 insulation is
much greater than any change in
R in air spaces between suamer
and winter mles.

c. Floors

Use Table XI for factor on
function of exposed perimeter
length (See Example Problem No.
6).
d. Windows

Frem Table XII, U = (.58
(Bxample Problem No. 6).

€. Doors

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

3. DETERMINING AREAS OF BULLDING
COMPONENTS

Follow procedures in Example
Problem No. 6.

39
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4. DETERMINDNG DESIG! TEMPERATURES 6. CALCULATING OONDUCTION SEMSIBLE
Proceed as follows: Find conduction cooling loads for |
ocomponents and rooms. Proceed as
1. Use indoor temperature (t;) = follows:
T5°F. .
1. Use equation No. 13.
2. Use outdoor design temperature
{t ) = 90°F. Jes = UA (ETD).
The 2.5% dry bulb temperature 2. Substitute values in formula
listed in Table II is used. This and campute.
ary bulb tamperature is not exceeded
in more than 2.5% of the total hames 7. ESTIMATING QCCUPANCY OQOLING
during the months of June, July, LOADS

August and September.
For the kitchen, Room 1,

3. Findmeandeulyr 1200 Btu/hr + 2 occ. x 225 = 1650
temperature in Table I . Btu/hr.
Use 21°F from Table II. 8. CALCULATING INFILTRATION SENSIBLE
5. FINDING EQUIVALENT TEMPERATURE LOADS
DIFFERECES (EID'S) Calculate air infiltration cooling
loads for each room. Proceed as
Proceed as follows: follows:
1. Find factor Table XIX.
1. Find ED's for all companents Inriitration sensibie cooling
except windows. lead (q;,) = gross exposed

wall area x factor in Table XIX.
Refer to Table XVI. Enter the

table with a design temperature of 2. Compute for each room.
90°F, and an M range (mean daily
range of tenperature, 21°F which lies gjglroam 1) = 1.1 {45x8) = 396 Btu/hr
between 15°F and 25°F.) Qijglroam 2) = 1.1 (35x8) = 308 Btu/hr
qis(rocm 3) = 1.1 {(70x8) = 616 Btu/hr
ED (Walls) = 18.6°F
ETD ((DOOIS) = 18.€°F See Torlisheet 3.
iling=-Foof) = 31.0°
g m 0°F) 31.0°F 9. CALCULATING TOTAL SENSIBLE COOLING
IOADS

2, Find ETD for Windows.
Calculate total sensible load

Refer to Table XVII ({regular for each roam. For example, Room
double glags--roller shades). No. 13

ETD (North Facing) = 17 F 1. Add oc_mdw:tim gaens_:ible_;oad

EID (East Faci:ig? = (section 6) to infiltration

ETD (West Facling) = 5 F sensible load (Section 8) and

occupancy load (Section 7).

Room 1, g = 1411 Btu/hr
Rocm 1; ig <~ 396
Roan 1, qg,y. = 1650

Y




Total

1411 + 396 + 1650

i

3457 Btu/hr

Campute for roos 2 and 3.
See Worksheet 3.

10, CALCULATTHG TOTAL QOQLING LOAD

Proceed as follows:

1. Add 30% of sensible load for
each room. For exarple, rocm 1.

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

L]
—re——

Total cooling load
for room 1

n

1.3 x 3457

4494 Btu/hr.
3. Campute for rooms 2 and 3.

4., Add total cooling loads for
each roam.

Roam 1 = 4494
Room 2 = 1630
Rocm 3 = 3831
Total 9955 Btu/hr

See Worksheet 3.

11. ESTIMATING SEASCNAL COOLING LOAD

As with heating loads, it is
often desirable to estimate the
seasonal ccoling load for a
residence. Two sinple methods are
suggested by ASHRAE for rough
estimation. They are the (1) Coolin
Degree-Day Method, and (2) Equivalent
Full-load Hours 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 Do x 24
9sc ¥ T at

where
Qg = Seasonal cooling load, Btuw/
season
g = design cooling load, Btu/hr

D, = cooling degree-days
of = cooling design temperature
difference, °F.

A cooling degree—day is theoreti-
cally a day during which the outdoor
temperatwre is 1°F above the indoor
tamperature of 65°F. Cooling degree-—
day values are available fram the
tlational Climate Center, Asheville,
North Carolina.

The Equivalent Full-Ioad Hours
Method is based upon estimates of the
TulT-Toad hours of operation of
properly sized cooling equipment
during normal cooling seasons., The
estimates are based upon local cbser-
vations and are sunmarized in Table
XX. The seasonal cooling load is
estimated by miltiplying the esti-
mated full-load hours of operation
(from Table XX{) times the cooling
capacity of the air conditioning
system {Design cozling locad).

Seasonal Cooling Estimated full -
Load (Btu) = Load Houxs x
Degign Cooling
Load (Btu/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
sea,.nal 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 uildings
will fall near the lower end of the
range.




EXAMPLE NO. 10: SEASCGNAL QDOLING

LOAD ESTIMATION

Estimate the cooling load for
the residence in Example No. 2:
Cooling 1pad Calculation.

1. Evaluate the design cooling

load.
Design cooling 9,955 Btu/hr
load = (Ex. Problem No. 2)

2. ‘Estimate of Equivalent Full-
Load Hours for Building.

Tocation:

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

3, Convert Seasonal Cooling load
to kwh.

kwh
seasor

= 4,980,000 Btu
3413 Btu/kwi

= 1460 kvh
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12, QOMPARISON OF SEASONAL ENERGY
USED FOR OQOLING

As with seascnal heating loads,
it is often desirable to estimate
the energy savings realized by use of
various energy conservation practices.
Cooling load camparisons can be made
in a manner identical to that for
heating loads. ([To illustrate for
the wninsulated, a non-weatherstripped
house described is the example in the
section, "Camparing Energy-Saving
Practices."]

EXAMPLE NO. 11: COMPARISON OF QOOLTNG

ENERGY USAGE

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

l., Evaluate and enter new heat
transmission coefficlents for
walls and ceiling-roof,

2, Calculate and enter new
conduction sensible <ooling
Toad values.

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

__——_




4. Occupancy valweo w0 not change.

5. Calculate and enter new values
of total sensible cooling load.

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

7. Calculate and enter new values
of total oooling load for

building.

The details of steps 1 through 7
are sumarized on Worksheet 4. e
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 B
5,955 x 100 =

130%!

8. Evaluate and campare the
cooling energy usage for the
insulated and uninsulated

house.
Uninsulated house
22,860 x 500 = 3350 Ywh
3413
Insulatea house
(prior exarwle) = 1460 kwh
Dif ference = 1890 kwh

Thus, the uninsulated house will
use approximately 1830 kwh more
enerqy per ocooling season than the
If electrical
energy costs 4 1/2¢ per kwh, the
dollar savings per year with insula-
tion equals 0.045 x 1890, or $85 per
season.




Doors 0
Conduction Gross Infiltration Oocupancy Total Total
'n'm-iuim Sensible Infil~ PBgosed  Sensible Qooling s:ui.b].e Cooling
Building hefficient Qoling Load tration vall CQooling load Load Cboling load Yoad
Foon  Componant (v Area EID  (Btu/hr) Factor Area (Btu/hr) (Btw/hr) (Btu/hr) {Btu/hr)
Bet. walls 0.081.20¢ 330 18.6 AT Lok
Ceiling-root o.mo a3 225 31,0 21 [y
Floox - -
Slab 225 0 0
1 Doors 0.49 0 18.6 0
Window {N) 0.58 15 17.0 148
Window (W) 0.58 15 56.0 487
Window ( ) - .- - -
Window | ) - - - - a3y 763
TOTAL o 1.1 360 396 1650 ~3457? A4
Ext. walls 0%, 10y 260 10.6 A L e
Oeiling-roof 0.,040.272 W0 231.0 ST [ Fey
Floor - - - -
Slab - 225 0 0
2 Doors 0.49 20 18.6 182
Window ( ) - - - -
window ( ) - - - -
Window ( ) - - - -
Window ( ) - - - - 4026 S228
TOTAL e 1.1 280 8 0 1254 1630

Ext. walls 0.09Y.Lov 495 16.8 6 L Te7
Ceiling-roof 0.040 274 500 31.0 .seo;, FX 7'M

Floor - - -
Slab - 22 0 0
3 Doors 0.49 20 18.6 182
Windov (M) 0.58 30 17.0 .8
Winders (E) 0.58 15 56.0 a8l
Window ( ) - - - -
Window ( ) - - - - e soodd
TOTAL 433 1.1 560 616 0 2947 n

Jory
FRIC — TOTAL COOLING LOAD = 449% + 3630 + 3631 =.9,955 Bayhr 70w s f $2If 4 t0 028 = 22, P60 Be . 51




F. Determining Cost Benefits of Using Energy-Saving Practices

The bottam line of any enerqy
conserving practice is the relative
denefit to cost ratio or the time
rerjuired to recoup the investment.
In other words, the planner or home-
owner needs to evaluate vhether the
energy savings (in dollars) is
enough to offset the additional cost
of additional ijsulation. In
addition, you may not wish to
sacrifice comfort, looks and life-
style for sanwe practices.

A benefit/cost analysis allows
us to camparison
between the present value of the
energy savings (in dollars) over the
expected life of the
practice to the first cost and
maintenance of the

ice. If the benef
one, the energy-saving
practice is econcmically 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:

cost ratio

Benefit/Cost Present Value of Net
Ratio = Armual Savings

First Cost of the Energy-

Saving Practice and

Maintenance {(if any)
The present value of the net
annual savings 1s calculated hy:

Present Net Annual Savings
Valuye = X
Present Worth Factor

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

Follow procedures under the
following headings: .

1. Calculating the Benefit/Cost
Ratio.

2. How Expected Life Affects the
Benefit/Oost Ratio.

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

4. How Interest Rates Affect the
Benefit/Qost Ratio.

5. Calculating the Payback Pericd.

1. CALCULATING THE BENEFIT/COST RATIO

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

EXAMPLE NO. 12: BENEFIT/COST RATIO

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 exanple No. 1.

Assume that the expected life of
the insulation and weatherstripping
is 25years, theexpectedrateof
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 cents 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 gallans (heating problem No. 6).

Electricity saved per year,
1890 kwh (cooling problem No. 12).
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(1)

(2}

Evaluate the net annual savings
realized by insulation and
weatherstrippirg.

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 discomt
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.

Find the net annual savings
(NAS) during the first vear.

NAS = (Gallons of Fuel Oil
Saved) x (Fuel 0il
Price} + (kwh
Electricity Saved) x
{(Electricity Price)

800 x 0.45 + 1890 x
0.045

360.00 + 85.05

]

* = $445.05

Find the present worth of
the net anhual savings.

This calculaticn computes
the value of all the net
annual savings over the
expected life of the energy
saving practice taking into
acoount the anticipated
increase in fuel prices and
the increased value of money
saved over time (For
example, if the $445.05 were

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 = Worth Factor
of NAS (Table XXI).

= 445.05 x 25

= $11,126.25

3. PFind first cost of insulation
and weatherstripping.

Insulation Cost
{1) Exterioy walls — $0.195/ft2 x

1085 ft+ = $211.58
(2) Ceiling - $0.275/ft% x

1025 £t2 = $281.88
(3) Perimeter - $0.60/£t2 x

{150 x 2 ft) = $180.00
(4) Total insulation cost $673.46
Weatherstripping
(1) Linear feet at doors

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

= 16 fr/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%
5o
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2. HOW EXPECTED LIFE AFFLLTS BENEFTT/

QOST RATIO

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

l. 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 45¢/
gal fuel oil and 4.5¢/kwh
electricity.
4. First cost of insulation and
weatherstripping 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.
Fowever, the increase is not necessar-
ily linear. Also note that for a
oonstant discount rate, the benefit/
oost ratio increases as the fuel
price escalation rate increases.

3. HOW INCREASE IN FUEL PRICES
AFFECTS THE BENEFIT/QOST RATIO

The benefit/cost ratio is also
influenced by the estimated annual
increase in fuel prices. The
following example demonstrates the
change in benefit/cost ratio as the
anmual rate of increase of fuel
varies fraom 0 to 10%8. It is assuned
that:

| i
L]

The expected life of the epergy-
saving practice is 7 years.
'Ihemterestratelsm%

[P ]

in the prior exanples.

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
{Table XXIIr}. It is estimated that
fuel costs will probably increase at
rates ot or above 13%,

4. HOA INTEREST RATES AFFECT THE
BENEFIT/00ST RATIO

Interest rates also affect the
benefit/ocost ratio. The influence .
of interest rate upon the ratio can
be evaluated with tables similar to
Table X for various discount rates.

5. CALCULATING THE PAYBACK PERIOD

Other methods for evaluating the
ecamimlfeasibilityisthe
period and the time to recoup capl
1nvestment.

ack iod is the first
oostdlv% tarmualsavmgs
Payback = First Cost
Period Net Annual Savings

For the previous example, the payback
period is evaluated as:

Payback = $781.46

= 1.76 years
Period 445

o
"
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The payback period does not
onsider 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 XXI of Present Worth Factors
(PWF) can be used to estimate the time
to recoup investment. Iocate the fuel
price escalation rate (10% in this
example) colum. Move down the
colum until a MWF creater than the
payoback pericd is found (2.000 in
this example}. Thus, the time to
recoup the investment lies between 1
and 2 years. By interpolation the
time to recoup the investment is:

l1yr +1.76 ~1.000=1 + 0,76, or
+ 2,000 - 1.000

Tire to recoup investment = 1.76 years
Note that the time to recoup the

investment is the same as the payback
period. This occurved in this exanple

48
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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 becames:

lyr+ 1.76 - 0.9546 =1 + 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
discaunt 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 pericd is =mall 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.

Al
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TABIE I. APPROXIMATE THICKNESS COF INSULATION FOR THERMAL RESIDENCES, IN.

(Reference, Cooling and

ASHRAE, 1979, Table 7.5, Page 7.21}

Heating load Calculation Manual,

Batts or Blankeis Laoune Fill Euards and Shas
Thetmal

Resistance Glass Rock Glass Rock Cellular

of Insulstion Fiber Wool Fiber Wool Cellulosic Polyurethane Gins
R-7 211410234 2 3t04 2103 2 1 254
R-11 3;2104 3 5 4 3 1 314 401’4
R-13 35/8 31,2 4 4105 4 2 5
R-19 6wb|/2 S 174 8109 6to7 5 3 714
R-22 6 172 ] 10 Tto# L. 31;2 X8
R-30 91 2to gl 2 9 1 13t0 14 13t 11 3 434 iy
R-38 12013 W2 | 171018 13 t0 14 00 11 6 LLE:

o W
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TAELE 1II. OUTSIDE DESIGN TEMPERATURES AND HEATING DEGREE-~DAYS
(65°F BASE) FOR DIFFERENT CLIMATIC LOCATIONS
(dAdapted fram Cooling and Heating Load Calculation Manual,

ASHRAE, 1979, Pages 2.3 and 7.16) .

State liinter Summer

and Desipn Design Dry-7ulb and Yean Heating
Station Dry~3ulb Hdean Jolncident let~Tulb Daily Degree

99%  97.5¢ 1R Z. 5% 5% Rarge  Days

ALA3AMA

Huntsville AP 11 14 a95/75 92/7L 91/ 74 23 3,070
Mobile AP 25 29 95/77 93/77 91/76 18 1,560
ALASYA

Fairbanks AP (S) -51 ~47 R2/€2 78/€0 75/ 59 24 14,279
Kodiak 10 13 69/ 57 65/56  62/55 10

ARIZOMA

Flagstaff AP -2 L R4/55 R2fss R0/ % 31 7,152
Phoenix AP (S) 31 W 109/71  107/71  105/71 27 1,765
ARKAKSAS

Fayetteville AP 7 12 97/72 9kf73  92/73 23

Little Rock AP (S) 15 2¢ 99/76 96177  94f77 22 3,219
CALIFCR¥IA .
Los Angeles AP (S) U4l L3 23/€8 ROJ63 77167 15 2,061
San Francisco AP 35 33 92 /6b 27163 7362 20 3,001
COLORADO

Denver AP -5 1 93/59 91/59  89/59 28 6,283
Leadville 18 -1b AL.f 52 R1/51  78/50 30

SOMECTIZUT ‘
3Iridgpvort AP ¢ g 84173 auf7 R1/70 18 5,617
Waterbury - b 2 W73 q5f71  A2/70 21

DELEVARE

Dover AF3 il 15 92/75 9c/75 87/ L]
¥ilmington AP 10 14 9217 Ref7  87/73 20 4,930
D.C.

Andrews AF3 10 14 92/75 90/ 87/73 18 4,224
Wagh Mat AP 1% 17 93/75 91/74%  89/7h 18

O"I




TARLE IT (Continued)

State Anter Summer

and Design Design Dry-3ulb and Mean Heating
Station Cry-3ulb Yean Coineident "Wet-Bulb Daily Degree

398  97.5% . : Range Days

FLORIDA
Gainesville AP 29 3 95/77 93/77  92/77 18
Vam AP (S) b 47 N7z 90/77  89/77 15 214
Tallahassee 1,485
GEORGIA

Atlanta AP (S) 17 22 ol / 74 92/7%  90/73 19 2,961
aycross 26 29 96/77 /77  91/76 20

Thomasville 1,529
YAWALT

Yonolulu AP 62 63 87/73 86/73  8s/72 12
Wahiawa 58 59 %6173 8572  B4f72 W

IDAHO

Boise AP (S) 3 10 96/65 o4 /6h  91/64 31 5,809
Idaho Palls AP 211 -6 89/61 87/61  84/s9 38

ILLINOIS

Carbondale 2 7 35/?77 93/77  90/76 2

Chicago, C'Hare AP -8 =4 91/74 89/7  R6/72 20 6,639
TNDIANA

Fort “Jayne AP - b 1 92/73 89/72  R”7[72 24 &,205
Indianapolis AP (S) - 2 2 92/74 90/7  87/73 22 5,699
(oYY

Das Voines AP “10 -5 94/?75 91/74  88/73 23 6,5%8
Jaterloc =15 =10 91/76 89/78  R6/74 23 7,320
YAYXSAS

¥anhattan,

Fort Riley (£) -1 3 $9/75  95/75  92/7%4 24
Wichita AP 3 Vi 101/72 93/73  96/73 23 4,660
FENTUCKY

Lexington AP 3 q 93/73 91/73  88/72 22 4,683
Louisville AP s 10 95/ 74 93/7%  90/74 23 4,660
LOUTSTANA
Natchitoches 22 26 97/77 9s/77  93/77 20
Yew Orleans 29 33 93/78 92/7%  90/77 16 1,385

Su

)
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Table II {(Contimied)

State “Anter Summer .
and Desizn Desien Dry-3ulb and ¥ean Yeating
Station Drv-Bulh Mean Coincident 'Jet~Sulb Daily Degree

99 97.57 1% 2.5% 5% Range Days

JADYS

Carthou AP (S) -13 -13 R4 [69 a1/67 78/66 21 9,767
Lewiston -7 -2 88/79 a5/70  82/68 22

VARYLAND e -
Baltimore CO 14 17 92/77 89/76 87/75 17 4,111
Frederick R 12 ol /76 91/75 8874 22 )
¥ASSATHUSETTS
3ostor AP (8) é 9 91/73 83/71  85/70 16 5,63
Sprinefield,

*Jestover AF3 -5 0 90/72 87/71 Bl4/69 19

NISHIGAN

Petroit 3 6 91/73 8rf72 8671 20 6,232
Sault Ste.

xarie A® (3) <12 -8 ak /70 81/69  77/66 23 9,048
YIVNESCTA

Intn°1 Falls AP -29  «25 35/67 2368  50/66 26
¥{nneavpelis,

§t, Paul AP ~16 -12 92/75 29/73 36/71 22 8,382
VISSISSIPPT
Siloxi,

Keesler AF) 25 31 ol/79 92/79  90/78 16

Tupelo 14 19 96/77 ouf77  92/76 22 2,041
VISSOURY

¥ansas City AP 2 6 99/75 96/74  93/7k 20 4,711
St. Louis AP 2 6 97/75 o4f75  91/7% 2 &,900
YOXTAVA
Jozeman -20 ~14 90/61 87/60 8i/ 59 32
“4ssoula AP -13 -6 92/€2 ARf61  85/60 36 8,125
NIRRASKA
lincoln 2C (S) -5 =2 9/75 9s/7%  92/7 24 5,864
Omaha AP -8 -3 9l /76 91/75  8R/7 22 6,612
YEVATA
Las Veeas AP(S) 25 28 108/66 106/65 104/65 30 2,709
Peno AP (3) 5 10 95/61 92/60  90/%59 45 6,332
o
i/




Table II (Continued)

‘II" State

Winter Summer
and Tesign Tesign Dry-Bulb and ¥ean Heating
Station =3ulb ¥ean Colincident tlet-Yulb Daily Degree
9% 97.5% 1% 2,54 5% Range Days

NEW JAMPSHIRR

Xeene -12 -7 9c/72 87/70 83/69 24 7,383
Portsmouth,

Pease AF3 -2 2 90/73 85/71  83/70 22

KB JERSTY b4, 500
¥RV MBXICO

Albuguerque AP(S) 12 16 96/61 oL/61 92/é1 27 4, %8
Raton AP -4 1 91/60 89/60 A7/60 W 6,228
NEW YORK

NYC=¥annedy AP 12 15 90/79 87/72 B /7L 16 5,219
Jica -12 -4 88179 8571 82/70 22

MORTY CAROLINA i

Asheville AP 10 14 89/73 87/72 85/71 21 b4, ol2
Paleich/

Durham AP {S) 16 20 /75 92/75  90/75 20 3,393
NORTY DAKOTA G,000
Y10
Cineinnati 20 1 6 92/73 90/72 88/72 21 4,410
Cleveland AP {5) 1 5 91/73 88/72 86/71 22 6,951
O¥LAHOMA
Lawton AP 12 16 101/74 99/74 96/ 74 24
Cklzhoma ity

AP (8) 9 13 100/74 97/78 95/73 23 3,725
CRYGON

Pendleton AP -2 5 97/65 99/64 90/62 29 5,127
Portland AP 17 23 R9/68 Bs/67  A1/6s 23 4,635
PEMNSYLVANTA

Philadelphia AP 10 14 93/75 90/7  87/72 21 5,144
Pittshurgh AP 1 5 R9/72 B&f71  A4/70 22 5,987
RHODE ISLAND

Newport (S) 5 9 28/73 Rsf72  82/70 16

Providence AP 5 9 29/79 86/72  83/70 19 5,954
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Table II (Continued)

State Hnter Summer '
and Desimn Design Dry-3ult arf Mean  Heating .
Station Dry-Sulb Yean Coincident Vet-3ulb Dally Degree
B 975 I8 255 5 Range Days

SOUTY CAROLIMA
Sreenville AP 18 22 93/ 74 91/74  89/7n 21 2,980
Spartanbure AP 18 22 93/ 74 91/7%  Bo/74 20

SCUTY DAKOTA
Bpookings -17 =13 95/73 92/72  R9/7L 25

Rapid ity 4P (8) 11 -7 95/66 92/65 89765 28 7,35
TENRESST?

¥noxville AP 13 19 Qb /7 92/73  90/73 21 3,494
Yemohia AP 13 18 98/77 95/76  93/76 21 3,232
TRLAS

Amarillo AP 6 1 98/67 95/67  93/67 26 3,985
Dallas AP 1R 22 102/75  100/75  97/7% 20 2,363
Jouston CC 28 33 97/77 95/77  93/77 18 1,278
nTAY

Locan -3 2 93/62 91/61  88/60 33

Salt lske City

AP (s) 3 8 97/62  96/62  92/61 32 6,052 .
VERMONT

Qarre 216 -1 84/71 81/69  78/6R 23

Turlineton AP (S) -12 =7 a8/72 Bs/70  82/69 23 8,269
VIRGINIA

torfolk AP 20 22 93/77 91/76  89/76 18 3,421
Roanoke AP 12 16 93/72 91/72 88/71 23 4,150
WASYTNGTON

Ceattle-Tacoma

&2 (8) 21 26 anfes R0/64 76/€2 22 5,145
Spokane AP (S) - € 2 93/64 90/63 8762 28 6,655

“EST VIRGINIA

Yorgantown AP 4 8 90/74 87/73  85/73 22 4, 500

“Meeling 1 5 89/72 86/71 84170 Fal

VISCORSTY

Ashland 21 =21 8s/70 B2/68  79/66 23 7,635

¥ lwaukee AP -8 -l 90/ 74 87/73  84/7 21

TOMING

Cheyenne AP -9 =1 39/583 B6/58  BA/57 30 7,381

laramie 4P (S) S -6 3h/56 81/5¢  79/55 28 .

€.




TABLE II1I. 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. QONDUCTANCE OF SOME
BUIILDING MATERTALS
(Adapted from Cooling and Heating Load
Calculation Manuwal, ASHRAE, 1979,
Page 3.4)

Thickness Conductance

(in) )

Plywood .5 1.60
Carpet and

Fiberocus Pad - .48
Mineral Fiber 3.5 .053
Concrete Block,

Sand and Gravel 8 .90
Asphalt Shingle 2.27

5c
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TABLE V. QOEFFICIENTS OF HEAT TRANSFER (U) THROUGH FRAME WALLS*
*{Reference, Cooling and Heating Load Calculation Manmal,
ASHRAE, 1979, Table 3.2A, Page 3.8) *

e b owaddtoons and enProsed i 1w pes (Bourd Gagatie Boot) fd.eree 1 ahtenhet ditaente i lemipocadar toneen th

. At e 1 D o) aad ace bt o g oliode whad e of U5 mph The Hlea Capaoas Lirsaes Bt 18§

Replage Air Space with 1.5+in. R 11 Blanket Insulation (New Liein 43 ’ ) 2
Resivtunce (R) Meat Capacity

Heiween Al Between Al Beinees

A~ e Comstruction traming  Froming |  Framing _ Fenming Framinz

AN 1 Outside surface (15 mph wind) 017 0.17 0.17 0.17 .
\xé?! 2. Sutng. wood, 0.5 in x8 in. lapped (average) 0.81 08I 0.81 o8t | ver o
5 3. Sh=athing, §_5-n. asphalt inpregnated 1.32 .32 1.32 1.32 on 0N

L 4. Nonveftective aarspace, 3.5 in. (50 Fmean; 10 deg F

¢ ) temperature dilfsrence) .ot -— 11,00 - og

< _mlk 5. Nominal 2-in. % 4.in. woad stud — 4.38 — 438 - -
\r Kﬁ 6. Gypsum waltboard, 0.5 in. 0.45 0.45 0.45 0.45 0.54 054

113 4%a7 7. Inside surface (still air) 0.68 0.68 0.68 0.68

Torai Thermai Resistance (R} ..................... R=4.44 R,=781 |R=144) R,=18| 124 132

ConstructionNo. 11 U, = 1/4.44=0.225; U, =|/1.81 =0,128. wath 20% framing Oymcal of 2-in.x 4in. studs @ l6n, o), U, = 0.8
(0225 +0.2(0.128) = 0.206 (See Eq ¥

Construction No. 2: ¢/, = 1/14.43 = 0.069, U, = 0.128. With framing unchanged. &/, = 0 8{0‘069)1' 0.2(0.128) = 0,081

ERIC

Aruitoxt provided by Eic:



TABLE VI. AIR EXCHANGES IN RESIDENCES FOR TYPICAL DESRHQCINDrfEIEF‘
(rdapted fram Tables 7.11A and 7.11B, Cooling and Heating Load
Calculation Manual, ASHRAE, 1979, Page 7.23)

Type Room Changes/Hour

Roam w/o windows or exterior doors

Roams with windows or exterior doors on ane side
Roams with windows or exterior doors on two sides
Roars with windows or exterior doors on three sides
Entrance halls

NM!—JHO
SCOUouwn

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

TABLE VII. RECOMMENDED VENTILATION AIR VOLIME FOR
SINGLE FAMILY RESIDENCES
(dAdapted from Cooling and Heating Load Calculation
Manual, ASHRAE, 1977, Page 5.12)

Venttlation Air Per Occupant
Foom ~ Minimam Recommended
(cu ft/min) (cu ft/min)

General living areas;
bedroam, utility areas 5.
0

0
Kitchens, bathrooms 20.0

TARLE VIII. SOL-AIR TEMPERATURES FOR JULY 21 AT 20°N LATITUDE
(Adapted from Fundamentals Handboook, 1977, ASHRAE, Page 25.5)

Air Light Surfaces Dark Surfaces
Time Temp. N E S W HOR N E s W HOR

4 74 74 4 4 M4 67 74 74 74 74 67

8 77 82 114 83 81 96 87 151 89 96 122
12 90 9% 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 8 8 78 B5 85 85 B85 85
24 77 L Y B it B Y BV 77 77 77 17 70
Avg. 83 B6 91 89 91 91 89 100 85 100 107

N

FEg
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TARLE TX. COEFFICTENTS OF HEAT TRANSFER (U) THROUGH PTTCHED ROCFS?

ASHRAE, 1979, Page 3.11)

fow downward The Heat Chpacny Unitt are o 12 -F.

(Reference, Cooling and Heating load Calculation Manual,

CocHutents are expressed an Biu per thour) (square foor) {degree Fahrenben difference 1 16mperattre between the air off
the 1wo swies). and are basce on an ouade wind velocity of 15 mph fus heat heat Now upwasd ang 7 5 mph for hew

—

Find U,, Forsame Consteuetion 2 with Heat Flow Down {Summer Conditions)

1 p

Y eance 3 Weat Capaciny
Censtruction | Between Al Bejween At Between
(Hent Fiow Up) (Reflective Air Space) | Rafters  Rafiers Rafrers. Rafiers Hafters
1. inside surface (still ar) 0.62 0.62 0.76 0.16 -
3. Gypsum wallboard 0.5 in., Foil backed 0.4% 0.45 0.45 0.45 054 0.54
1. Nominal 2-in, x 4.in, celing eafter —_ 4.2 -— 4.28 -
4. 45 deg sloPe reflective air space, 1.5 in. (SO F mean,
30 deg F temperature diflerence) .11 — 4.3} - - -
S. Plywood sheathing.0.625 in. 0.78 0.78 0.78 0.18 0.51 0.51
{6. Felt bulding membrane 0.06 0.06 0.06 0.06 Nep Nep
7. Asphalt shingle roofing 0.44 0.44 0.44 0.44 o 0.33
8. Quiside surfacc (15 mph wind) 0.17 0.17 0.25* 0.25°"
Tolal Thermal Resistance (Rf ........... et Rx=469 R,=690 |R =107 R,=1.12 I 38 I 38

Consiruction No I:lé,::;il 6%=zg.6213: U, = 1/6.50 = 0.145. With 10% framing {typical of 2-n. rafiers @16-in. 0.c.), U, = 0.9 (0210 + 0.1
{ =0

Construction No. 2-U/,=1/7.0% = 0.041; U, = |/7.12 = 0.140. Wuh [raming unchanged, U, = 0.90.141) + 0.1 (0. 140} = ¢.14)

Find U/, for same Conruction 2 with Heat Flow Dowa {Summer Candltinas) 3 4
—QT_R_IM Tance (R 4 Frear Capacity

Construction 1 Between Al Between Al Between
(Heat Flow Up} (Non.Reflective Air Space) Rafiers Rafters Rafiers Raliers Raliers
t. Inside surface {stilt ain 0.62 0.62 0.76 0.76 — -
2 Gypsum wallboard. 0.5 in. 0.45 0.4% 0.45 0.45 0.54 0.54
1. Nominal 2-in. % 4an. celling rafter _ 4.18 — 438
4. 45 deg slope. noneclcarive ur space, 1.5 in.

(50 F mean; 10deg Ficmperature difference) 0.96 - 0.90* -
$. Plywood sheathing,0.625 in. 0.78 078 0.78 0.78 0.51 0.51
6. Felt building membrane 0.06 0.06 0.06 0.06 Neg Neg
7. Asphah shingle roofing 0.44 0.44 0.44 0.44 on 0.1
8 OQutside sutface (15.mph wind) 0.17 0.17 0.25° 0.25* — --
Total Teermof Resistance (R} ... ... e e R=3148 R,=690 |R=1p4 R=1.12 I 38 118

Counsiruction No. 3-:.6',? ;;3.43;;),281: U, = 1/6.90 = 0.145. With 10% framing 1ypical of 2:in. rafiers @ 16.in. o0.c.). U,.= 0.9 (0.287)+ 0.1
L 148) = 0.27

Consteuction No. 4:U,= 1/3.64 = 0.275: U; = 1/7.12 = 0.140 Wuth framing unchanged, U,,= 0.9 (0.275) + 0.1(0.140) = 0.262

Ith of poeal - 45 deg
s*1 5. mph wing
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TABLE X. DETERMINATION OF U-VALUE RESULTING FROM ADDITION COF
INSULATION TO THE TOTAL AREA® OF ANY GIVEN BUILDING SBCTION
(Aapted fram Cooling and Heating Load Calculation Marmal,

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

K1CTION

PROPERTY ADDITIONAL THERMAL INSULATION, R™® the. it F)/ 810

r R I 2 3 4 [ 'y 7 9 1 13 15 17 1 30 kY]
008 123 DU7E LUEY  LO&S D061 0057 D053 DOSI 0047 (043 00 00 LOW PO G0N 0nX
oW 100 Ul 00X} D077 0071 0067 0063 LGOS 0053 UDsx ODSS Dodn 00T Lol 0025 ol
012 83 0107 DOYT nusx 00Xl 0075 DUT0 0065 DDA 0052 OC4T 003 0a¥ 0037 002 DU
0.3 1.1 012Y 0109 009 00y po8: 0076 o007l 0062 0055 OO0 DS 004 00 0022 0022
0.16 63 0.138 0121 0108 0098 0089 DOK2 0075 0066 0058 0052 007 0043 0040 DO 0023
618 56 0153 0132 00H7 0105 0095 0037 0080 00K 0060 0054 Ow9 0043 004l VUM pu
e sp 0167 0143 0125 0011 0000 0091 0043 0071 0O83 OUS6 0050 0045 0042 0D pond
0n s 0180 0153 0133 0417 0105 DO9S O0ORT 0074 0068 0057 0051 006 0042 009 00M
0N 42 0193 D162 (130 0122 0109 0O DO LUTE D066 0058 DOST G037 03 0029 0.0
02 34 0206 0171 D46 0127 0LI3 0102 D002 0OIE 0067 005 OUS} ONsE Dos 003 004
03]’ 35 029 p179 052 0132 ONT 0103 0095 00K 0069 0060 0053 0039 0048 0030 D024
03 33 0231 018 DISE 01% 0420 OM07 0097 06% 0070 0061 0055 0049 0045 OO0 00N
040 2% 036 0222 0432 G154 0433 0018 0.005 0087 0074 pO0&S 0057 0051 0047 Ood D02
0% 20 0333 0250 0200 0067 0.4) 0125 011 009 0OIT 0067 005 ypsy Oer O3 DS
060 L7 G315 0273 0214 0176 0450 0030 0.015 00% 0079 0068 0060 0053 0048 DU DU
g0 14 D412 0292 0226 0.84 0156 0435 0119 0% 0OS0 0063 O0sl D053 DUy D03 035

A1 the inulaton accupivy a previnieh comidered air space. an adpshinent must he made an he given buitding wetion K-valoe
b Admost fur farning or framung sOutions i PRLCwary | separately

TABLE XI. HEAT 10OSS OF QONCRETE FLOORS
AT OR NEAR GROUND LEVEL PER FOOT OF
EXPOSED EDGE (LESS THAN 3 FT BELOW GRADE)
(Reference, Cooling and Heating load
Calculation Manual, ASHRAE, 1979,
Table 7.9A, Page 7.22)

Heat 1 ons per Fant of Expeed Ydge, Biu/(he. 10
Cutdnor Devign R=354 R=25 No

Teouperanme, k] Fdge Inaulation |Edge Tnavlation |Edse Inwlatinn®
A3 to =30 50 60 75
e M 45 55 &5
o -10 4an b1 60
1w 0 15 45 53
02{’ Hil «lt) 0 40 50

" s contiuction not recomnmendrd. shown for comparnson wily,
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TARLE XII. OVERALL OCEFFICIENTS OF HEAT (s ]
{(U-FACTCR) OF WINDOWS AND SKYLIGHTS, Btw/ (hr ft< F)
{Reference, Cooling and Heating Icad Calculation Manual,
ASHRAE, 1979, Tsble 3.14A, Page 3.24)

Table3. ua mcmanu:tmw-rmmwm and Skylights, Blw, e - - F)

.;- ....
.+ e ’ oo ‘\.: -
s u!‘a—":;‘- '?'&?' %Vuﬁ% S e !
; b M Y £2 3 f
-o-w‘*.é!-;......,p""'-'-i —— am.."“-'.-:'-%i%""" X
Fla| Glass™= q'.‘,_“ e “*"*
Single Glasg + (&4 W 104 0sl L0 (13 0.8) 31
mm&mwhn
316 in. oir spacn® 0.65 0.58 062 052 0.57 %)
1;4 in. siropacx® < & 0.6) 0.58 0. o8 054 0.65
112 lll.urlpu‘ 0.5 052 049 042 0 039
12 i nirspace. -
tow emuntance conting®
=020 Pogc ] 0k 037 032 ax 0.36 0.49
e=040 . 045 044 038 0.33 0.42 0.52
=08 .. a5l 0 04 [k 0.46 0.56
Insulaung Glass, Tripha® -
Pain sirgpace® . | 04 040 o 031
2 in.mrspaca, T - ¥, 0.3 0.3 an 0.26
Storm Windows .-+ % .7,
iwmtod m.uupn‘- By 0.5 048 050 042
) 030 LIS
0 46 0.70

Table 3.148  Adjustmen! Factorsy for Yarious Window and
Sliding Patio Door Types (Multiply U-Valwes b Part A by

- Th“'. l:'man) o T *See Tuble 3.14B for adjustments for varions windows and
2oL cte Deubeor S sliding patio doors.
~ Slagle -, - Triphe. <’ ‘5“'" £ "Etmmuecoluwm«l glass surface = 0.84,
Ducription -~ - Glam®::  Glas .- ~“Windews - owkaad triple refer 10 numb«ol'l:;htsolghu

Windows SRR 40,125-in. glass.

Al Glan® ey ] 200 1.00 1.00 +0.28-in. glass

Wond Sash; 809% Gisas 1’| 090 093 0.9 TCoating on eilher glass surfuce facing sir space; all other glas

Wood Sash; 605 Glass . 080 .85 0.80 uu-lm uncoaled.,

Metal Sa;h. 20% Ghu 1.00 1.20% 1.20" Wmdw design. 0.25-in. glass, 0.123-in. glass. 0.25-in_ glass
Sluding Pato Doora . Rd'm 1o windows with negligible opague areas

Wood Frame 0.9% 1.00 - For heat flow up

Metal Frame . 1.00 1. 10™ — Ytor beat Now down.

Based on area of opening. not 10131 surface area

® Valtes well be dess than (hese when metal sash ang frame incorporste thermal breaks. Insome thernal break devigs |7 satues will be equal
Lo of ket shan those fur (he glass. Window manufacturess should be consulied for specific data,

*135 mph outdoor air velocity: 0 F cutdoor air: 70 F inside air temp natural consection. .

=37 5 mph owtdonr air vetocity; 89 F owdoor air, 73 F inside 2ir natursl convection: solar radiation 248.3 Blu' (v )

=0 ¥aluct apply Lo tightly eles>d venenan and vertical biinds. draperies, and roller shades.

T he reciprocal ofhe abose L.fuctors s the thermalresistance, R, fnr eachrype of glaring. Hiightly deawn lll‘:ipﬂ“le.l of elose uease), eloned
Verictiat: Blinds, ot clowly fiited rolier thadesate used nternally. tht add | R s approximately 0 294 @' F) few, Hammaatuse lotis ered
salar scrvens are used 10 ciose pronimicy o the guter fenastration surface, the additiunal R is approxemately 0 24 {hre- 0F - F) By
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TABLE XIII. OCEFFICIENTS OF N
(U) THROUGH DOORS, Btu per (hr-ft<°F)

Winter Summer
Sokd Woed, Storm Dooe*
Thicknes* Nostorm Dosr | “Wood | Metsl | No Storm Doer
1-in. 0.5 03 | 0.9 0.61
1.25-in. 0.55 028 [ 0.4 0.53
L.5an. 0.49 027 | 0.3 0.47
-in. 0.4) 0.24 | 0.29 0.42
Steel Door
L.750n.
Af 0.59 - 0.58
B* 0.1% _ - 0.18
c* 0.47 —_ —_ 0.46
*Nominst thickness,

PValues for wood storm doors are for approximately 50% glass: tor meut
storm door values spply tounypmmo!m

€A = Mineral fiber core (20010,

48 = Solid urethane foam core with thermal break.

€C = Solid polystyrenc core with thermal break

TARLE XIV. OORRECTION FACTORS FOR HEAT LOSS

VS. DEGREE DAYS INTERIM FACIOR Cpa
(Reference Bystems Handbook, ASHRAE,
1976, Page 43.8)

Outdoor Design Temp. F =20 | ~iv 0 +10 | +20

Factor Cp 057|064 | 071 [ 079 | 0.89
*The multiplisss in Tabic 3 which drc hugh fot mild climaies snd fow for cold
regiont, ate not in ¢170¢ ks might sppeat, Fos equi 5%, thots in warm

mmhnommmdmwiumwmauuhwmm
medaiemperature is close to 83 F. and thus the actual heal loss is ot reftected.

TABLE XV. PART LOAD CORRECTION FACTOR
(Cr} FOR FUEL-FIRED PQUIPMENT
(Reference, Bystems Handbook, ASHRAE,
1976, Page 43.8)

Perecnt oversizing 0 20 | 0 | 0 | %0
Fucior Gy IJGJ L56 | L9 | 204 | 2.32

*Beeave equipment Pecformance st cxtsemely low loads is highly vaciable,
it is sirongly recommended (hat the valucy it Tabic J not be cutrzpolsted

.
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TABLE XVI. DESIQN BOUIYALENT TEMPERATURE DIFFERENCES

(ETD} FOR WALIS, CEILINGS AND FLOORS
Load Calculation Manual,
ASHRAE, 1979, Table 7.8, Page 7.22)

evign Te n:pﬂatuta Jeg ¥ ¥ 9 95 194 [ 1o
Daity Temperature Range * I o L M 1H I M H M H ]| H
WALLS AND DOGORS
I. Frune and verzer-on-frame 176 136 | 226 186 136 ) 276 236 186 [ 286 216 286 | M6
2. Ma~snry walis, 8-in. block or brick 193 63 [153 513 63| 203 163 113203 163 (U] 23
3, Pagtitions, frame 90 50 [140 100 S50 190 150 0D [ 200 156 {00 ] 2y
Puney 25 0 15 35 0 §25 85 35135 kS |1VS ] IKS
4, Wood dours 176 136 | 226 186 136} 276 236 156 {286 236 | X 6 kY
CEILINGS AND ROOFS®
1. Cedhngs under naturally vented attic
or vented flat roof—dark 380 340 | 430 390 340 | 480 440 190 | 490 44D |90 | 5S40
= hght 00 260 | 350 3.0 260 400 380 30 [4l0 360 |40 60
2. Budt-up roof, no cerling—dark 380 340 | 430 390 340} 480 440 390 | 490 43D | 490 | 540
~light 300 260 350 310 260 400 36D 300 {410 360 | 410 | 460 .
3. Ceilings under uncongnioned rooms 90 50 | 140 100 50 19D 150 100 ] 2006 150 |2ui] 2540
FLOORS
I; Over unconditioned rooms 90 S50 |1a0 100 50 190 150 0.0 | 200 150 | 200} 250
2. Over basement, enclosed erawl space -
or concrete slab on ground i} )} )} i} i} i} 0 i} 0 )} )} i}
3. Over open crawl space 90 50 [ KO 100 30 ] 190 150 10.0 | 200 150 |20pD | 250

 Daily Tempecature Range
L {l.ow)} Calcutation Value. 12 deg F.
Applicable Kange. Less than 15 deg F.

M (Medium) Cafculation Value: 20 deg F.

Applicable Range. 1510 25 deg F.

a
L[] -

H (High) Calcutalion Value: 30 deg F.

Applicadle Range: More than 25 deg F.
*Caling and Roofs. For roofs in shade 18-hr average = |1 deg temperature differential. At 90 dcg F design and medium daily range,

equivalent temperature differsnbial for light-colored roof equals 11 + (0.71}(39 — 11) = 31 deg F.




TABLE XVII. DESI(N COOLING LOAD FACTORS THROUGH GLASS (ETD)
(Reference, Cooling and Heating load Calculation Manual,
ASHRAE, 1979, Table 7.6, Page 7.21)

. Qutdoar Kegular Single Glass Regular Double Gla s Heat Absorbing Trouble Class k‘lcar Triple Glass
Desiga Temp 18 % 95 100 105 11085 99 95 100 105 11085 90 95 100 103 no] 85 S 95
No Awnings or inside Shading
North 23 027 03 33 0» 44 119 21 24 26 28 0[12 14 17 19 2 217 9 0
NE and NW 6 6 o4 68 T2 77 146 48 51 5 55 5110 o9 2 M ¥ Bl o2 43 44
Eastand West | 81 85 89 93 97 102 |68 0 73 75 77 79 |42 44 47 49 5| 53F 62 63 o4
SE and SW 0 M 78 8 S 9 [59 of &4 66 65 W[ A7 4 42 44 45| 53 55 %6
Souh 40 44 48 52 56 61 |33 3 3w W a2 419 21 4 X% B ip »w »n 3
Horiz. Skylight [ 160 164 168 172 176 181 [139 14l 144 146 148 150 |89 91 94 9% 98 100} 126 127 129
Diraperies or Venetizn Blinds
North 15 19 23 27 3t 6 112 14 719 2! 23_, 9 11 4 6 18 0] 11 12 14
NE snd NW 32 ¥ 40 44 a8 327 9 n ¥ BMim R 232 D N 4 2 17
Eastand West | 48 52 56 60 64 69 [42 44 47 49 51 53|36 » ¥ 3 ¥ 47 3 ¥ 4
. SE snd SW 40 44 48 52 56 61 [ 35 31 40 42 434 46 14 226 9 N N ki T » N & B .|
South B T n ¥ 0w 4 {20 N 2B N 29 315 7T 20 R onW o 2 B Ow
Roller Shades Hall-Drawn
. North 1 2 2 W M ¥115 17 W 22 W 2% 16 12 45 7 19 0n 13 14 15
NE snd NW 40 44 48 52 56 61 [ 40 43 45 47 ¥ K 2% M9 3 B ) N I .
Eastand West | 61 65 69 73 T 82 154 56 % 6l 63 65125 3 40 42 44 4] ¥ 9
SE and SW 52 5 60 64 68 73 |45 48 51 53 55 57T 130 3 M ¥ ¥ O a4 a a4 &
South 2 33 3 4l 45 50 (22 29 N ¥ w8 20 23 25 27 Y| 2% W 2
Awnings
Nonh L S S > 41 (13 15 18 20 xR 1« b @2 15 17 19 2 it o1 n
NEand NW 2025 9 B 0» a2 |14 1% 19 2 B 510 13 16 18 W R 12 13 14
Eastand West | 22 26 30 M 38 43 14 16 19 AU 23 (1R WK 1T 19 21 23 21 14
SE and SW 2 I L T T T & R 7 4 (14 16 19 2 23 M0 13 16 18 20 pyd 12 13 14
South [ 2 24 28 32 36 ar j13 15 18 2 2 XN o3 18 W N [ S A k|

. ll\
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TARLE XVIII. SHADE LINE FACTORS
"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 50 55

E/w 08 0.8 08 0.8 08 0.8 LR ]
SE/ISW | 1.9 1.6 1.4 1.3 11 1.0 0.9
s .1 5.4 16 2.6 0 1.7 1.4

Nole: Distance shadow line (alls below [he edge of the overhang
equals shade hine factor multiphed by width of overhang. Values are
averages for 5 hr of greatest solar inbensity on August 1.

TABLE XIX. SENSIRLE COCLING IOAD DUE
TC INFILTRATION AND VENTILATION
(Reference, FPundamentals Handbook,
ASHRAE, 1977, Table 38, Page 25.41)

Design Temperstore, F 83 50 95 100 105 110

lnfiltration, Bh/fi?

of grosséxpotedwallarea 07 LI 15 1.9 23 26
Mechanical veatidlation,

Biuh/elm 119 168 220 210 320 3180

TABLE XX. ESTIMATED BQUIVALENT RATED FULL-TOAD HOURS OF CPERATION

FOR QOOLING EQUIRMENT
(Reference, Bystems Handbock, 1976, Table 5, Page 43.9)

Albugquerque, NM
Atlantic City, NJ

Bimmingham, AL
MA

Paso,
Honolelu, H1

§00-2200 Endisnapolis, IN
$00-£00 Little Rock, AR
1200-2200 Minnespolis, MPi
400-1200 New Orleans, LA
200-600 New Yorit, NY

T00-1100 Newark, NJ
$00-1000 Oklahoma ity 0K
10001500 m" 5D
b Ly,
1200-1400 St. Joseph, MO
2000-2500 St. Petersburg, FL
1200-1600 San Dy CA
400-800 Savannsh, GA
600-1000 Seattle, WA,
700-1000 Syracuse, NY
Y500 Trenten, NJ
$000-1400 Tulsa, 0K
1500-3500 Washington, DC

s 4L




TABLF XXT. UNIFORM PRESENT VALUE DISCOUNT FACTORS FOR ENERGY PRICE

ESCALATION RATES FROM 0% TO 0% {BASED ON A 10% DISCOUNT RATE)
{Reference, Life Cycle Costing, NBS, 1978)

Energy Price Escalation Rates
Year 0% 1% 2% 3% 4% 5% 6% % 8% 9% 10%
! 0.9051 09182 09273 09364 0.9455 0.9546 0.9636 09727 09818 0.9909 1.0000
2 1,7355 17612 17871 1.8131 1.8393 1.8657 1.8921 1.9188 19457 19727 2.0000
3 24868 25353 25844  2.6340 2.6844 27354 2.7869 2.8391 2.8921 29456 3.0000
4 31698 32460 33237 34027 3.4834 3.5656 3.6492 3.7344 3.8213 3.9097 4.0000
5 3.7907  3.8986 40092 4.1225 42388 43581 4.4801 4.6053 47336 4.8650 5.0000
6 43552 44978 46449 47966 49531 5.1146 5.2808 5.4524 56294 5.8117 6.0000
1 48634 50480 52344 54278 5.6284 5.8367 6.0524 6.2765 6.5089 6.7498 7.0000
8 53449 55521 57810 6.0188 6.2669 6.5260 6.7959 7.0780 73723 7.6793 8.0000
9 5750 60159 62878 65722 6.8705 7.1839 75124 7.8577 8.2201 8.6004 9.0000
10 6.1445 64417 675717  17.0903 74411 78118 8.2028 8.6161 9,0524 9,5130 10.0000
11 64930  6.8328 71935  71.5755 7.9807 8.4113 8.8682 9,3539 9.8696 10.4174 11.0000
12 6.8137 71919 75977 80299 8.4909 8.9837 9,5095 10.0717 10.6722 11.3138 12.0000
13 71034  7.5216 79725 84553 89733 9.5300 10.1274 10.7698 11.4601 12.2020 13.0000
14 7.3667  7.8243 83199  8.8536 9.4293 100513 10.7227 11.4487 12.2335 13.0819 14,0000
15 7.6061  8.1022 86421 92266 9,8604 10.5490 11.2964 12.1092 12.9929 13.9539 15.0000

16 7.8238 83574 89408  9.5758 10,2680 110240 11,8492 12,7516 137384 14.8178 16.0000
17 80216 85918 92179 9902 10,6535 11.4776 12.3821 13.3767 144706 15.6742 17.0000
18 8.2014 8.8069 94747 10.2090 11.0177 119103 12,8953 13.9844 15.1891 16,5223 18.0000
16 8.3649 90044 97129 104957 11.3622 12.3235 13.3900 14.5757 15.8947 17.3630 19.0000
20 85135 91857 99337 10.764] 11.6878 127178 13.8666 151507 16.5873 18,1958 20.0000

21 8.6486 93512 10.1385 110154 11.9957 13.0942 14,3259 15.7101 172674 19,0211 21.0000
22 87715 95042 103285 11.2509 12,2870 134537 14.7688 16.2546 179355 19.8394 22.0000
23 8.8832 9.6446 105046 114714 12.5623 13.7968 15,1955 16.7841 18.5913 20.6501 23.0000
24 8.9847 97735 10,6679 11.6777 12,8225 14,1241 15.6065 17.2989 19,2349 21.4531 24.0000
25 90770 9.8919 10.8193 11.8710 13.0686 14.4367 16.0026 17,7998 19.8670 22,2490 25.0000

S9
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TABLE XXII. QOMPARISON OF BENEFIT/COST RATIOS FOR SEVERAL
EXPECTED LIVES OF ENERGY CONSERVATION PRACTICES

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

Expected Net Annual Present Present Benefit/Cost
Life Savings Worth Value Ratio
(yrs) (NAS) $ Tactor of NAS %

1 5445 1.0 ¢ 445 0.57
3 3.0 1335 1.71
5 5.0 2225 2.85
7 7.0 3115 3.9
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 $445 0.9546 $ 425 0.54
3 2.7354 1217 1.56
5 4.3581 1939 2.48
7 5.8367 2597 3.33
10 7.8118 3476 4.45
15 10.5490 4694 6.01
20 12.7178 5659 7.25
25 14.4367 6424 8.23

TARBIE XXIII. COMPARISON OF BENEFIT/COST RATIOS FOR VARYING RATES OF
ESCAIATION IN FUEL COSTS

(Expected Life = 7 years; Discount Rate = 10%; First Cost = $781;
MAS (lst year) = $445)

Anmual Escalation ~ Net Annual Present Present Benefit/Cost

Rate in Fuel Savings vorth 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 2,89 3.71
10 7.0000 3,115 3.99
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