552 CHAPTER 37

appmpmoely When data on degree days are avmlable these

y be used in the caleul: of
tureforusem ! 20r3(See""
Chapter 4.)

It may be noted that a portion of Equation 3, (t — tN
will, when divided by 24, correspond exactly to the degree
days for the period, provided that ¢ = 65 F, the usual basis
for calculatmg degree days (m dxsuussmn of -degree days in
followt ). Some degree days
for the period, multiplied by 24, for the value of (t — tN
nE ion 3. Since this 15 10 the basis for degree-day
caleulations, assuming that ¢ = 65 F, some all is thus

of degree day,
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Several time-saving procedures have been devised for
quickly estimating the hourly Btu loss of one- and two-story
residences in order that fuel estimates can be predicted more
quickly frum Equation 1. A graphical method of caleulating
heat losses has been developed* which makes possible a
quick solution if the gross wall, ceiling, or floor areas and re-
spective transmission coeiﬁc:en'.s are known

The Federal Housi has originated a
short~cut formula for residential heat loss deter i
which makes use of the floor area and three selected trans-
mission coefficients. The formula was developed to apply to
detached houses app lar in shape with

made for the fact that F.will frequently be overestimated,
when H is taken as the maximum, or design, heat load.

E. le 1: A resid buildi mtobehea'.edtoml?fmm

total exterior door and wmdow areas equal to about 25 per-

cent of the floor area, and with a floor area not greater than

&bout 1500 &q fi. Equation 4 is for a onestory residence,
tion 5 is intended for t tory structures.

6am.t0 10 pm. mdﬁstmmwpm to 6 am. The
hourly heat losa is 120,000 Btu per hour based on 70 F inside
at —0 F outdoors. If the building.is to be heated by metered
steam, how many pounds would be required during an average
hea.ung seasont

Solution: The heating value of steam may be taken as 1000
Btu per Ib, and since it is purchased steam, the efficiency can
be assumed as 1 percent. Assume svenge outdoor tempera~
ture as 364 F. The average inside temperature is:

(18 X 70) + (8 X 85)
2
Substituting in Equation 1
120,000(68.3 ~ 36.4)5088
F = om0 — Ciopoe -~ #3000 1b-

Ezample £: What would be the fuel cost to heat the building
in Ezemple 1 during an average heating season, using stoker-

= 683 F,

fired bituminous coal at $14.00 per ton having a mlonﬁc value
that the of

of 13,000 Btu per Ib,
the system m 65 percent?
) in Equation 1
120,000(68.3 — 36.4)5088
F = Ghsio — (10300~ A0 To-
The fuel cost is then (28,800 + 2000) {14) = $201.00
Ezample 3: What wtll be the estimated fuel cost per year of
heating a buildi gas, assuming that the calculated hourly
heat loss is 92,000 Btu based on 0 F, which includes 26,000 Biu
for infl ? The design are 0 F and 72 F. The
normal heating season 18 210 days, and the average outdoor

B, = AG+U. + U+ Uit — 1) @)
Hs = A(G 4+ 12Ua 4 05U, 4 05U (4 — t.) %)
where

H, = heat loss from one-story residence, Btu per hour.
H, = heat loss from two-story residence, Btu per hour.
A = floor area, square feet, measured to the inside faces
of enclosing walls and is the sum of the following areas:
(1) all the area on each principal floor level; (2) the
area of all finished habitable attic rooms, including
bathrooms, toilet compartments, clossts, and halls;
{3) all other areas intended to be beated and not lo-
cated in the basement.
@ = glass and infiltration factor for ordinary construction:
{045 for no weatherstripping or storm windows),
(0.40 for weatherstripping}, (0.30 for storm windows
with or without weatherstripping}.
U. = coefficient of transmission for outside wall.
U, = coefficient of transmission for ceiling.
U, , = coefficient of transmission for floor.
= indoor design temperature, threnhcn degrees.
l. door design heit degrees.

Notes for application of Bquatwn.s 4and §.
1. The calculation of heat loss from heated spaces into ad-
jacent spaces such as attics, basementless areas, and heated or
eated es on the assumption that the
of such adj; spaces is the same as the out-

temperature dunng the heat.mg season is 364 F. The
dﬁmmcy will be pement. The heating pl%%t 1::nll he btébermm

main-
tained from 11 pm. to 7 S, Asume that the pmée of gas is

door design temperature.
2. For all floors over basements or other warmed spaces as-
sume U, = 0.

75 cents ?er 100000 Btu of fuel
the loss of heat through open windows and doors.
Solution: The average hourly temperature is

L= 72 X ‘°)+(65XS)=69.7F.
24
The maximum hourly heat loss is
H = 92,000 Btu.
The seasonal heat loss is
92,000(69.7 — 36.4) X 24 X 210
100,000 X 0.80 X (72 — 0)
= 2697 hundred thousand Btu.
‘The estimated seasonal fuel cost will be
2697 X $0075 = $202.00

It should be noted Lhat ssvm@ from night setback may not
result as may not d and
mmbusuon eﬁimency may be poor during morning pickup.®

M=

3. For st ur haviog slab floors ]md on the ground

of
U, Dandm[nnla thebmlossmmxd‘;neemththeeheck
formula. Then add f.he slab loss determined in acco:
the prooedure devel b; t.he Nanom] Bureau of Skandard.s
and described in B and Standards Report 103.

4. No basement area is to be mc!uded m the formula calcula-
ion, ment are to be
heated, the additional heat loss should be calculated separately
and added to the amount obtained by the formula.

Both the graphical method” and FHA formulas, when
used within the limitations established, have been found to
give reasonably accurate results for the average residence,
but if precise estimates are required, the heat loss should
be calculated as outlined in Chapter 12.

In the case of gravity warm air heating installations, the
load was formerly expressed in square inches of leader pipe
which can be converted into Btu per hour by multiplying
the square inches of leader area by 111, 167, and 200 for first,
second, and third floors, respectively.

Estimating Fuel Consumption for Space Heating

DEGREE-DAY METHOD

This method is based on copmmption data which have
been taken from buildings in operation, and the results have
been computed on 8 degree-dsy basis. 'While this method
may not be as thearetically precise as the Calculated Heat
Loss Method, it is considered by-many to be of more value
for practical use.

The amount of heat required in a building depends upon
the outdoor temperature, if other variables are ted.
Theoretically it is proportional to the difference between
the outdoor and indoor temperatures. The American Gas As-
sociation™ determined from records in the heating of resi-
dences that the gas consumption varied directly as the de-
gree days, or as the difference between 65 F and the mean
outdoor temperature. In other words, on a day when the
mean temperature was 20 deg below 65 F, twice as much
gas was consumed as on a day when the temperature was 10
deg below 65 F. For any one day, when the mean tempera-
ture is less than 65 F, there are as many degree days as there
are degrees difference in temperature between the mean
temperature for the day and 65 F. Degree days may be cal-
culated on other than the 65 F base for use mainly for ware-
house and other industrial spaces in which temperatures to
be maintained are considerably below the 68 to 72 F range.
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operating efficiencies with the outd p variable
eliminated

Such results should be used with some reservation since
it is possible to have wide variations, for example, as between
early and late winter periods™

Computation and Application

The general equation for caleulating the probable fuel con-
sumption by the degree-day method is:
F=UXNXDXC ©)
where

F = fuel conasumption for the estimate period.

U = unit fuel consumption, or quantity of fuel used per
(degree day) (building load unit).

N = pumber of building load units (when available, use
caleulated hourly heat loss instead of actual amount
of radistion installed).

D = number of degree days for the estimate period.

C; = temperaturecorrection factor from Table 3.

Table 3.... Correction Factors for Ovtdoor
Design Temperaturess

They are listed in a later section of this chapter.

Studies made by the National District Heating Associa- Ovtdoor Design Temp F....| —20 | —10 o +0 | +20
tion™ of the metered steam of 163 buildi
located in 22 different cm&, and served with gteam from a Correction factor...... 0.778 [ 0.875 | 1.000 | 1.167 | 1.400
district heating the approxi cor-

rectness of the 65 F base cbosen by the gas industry.

Table 2 lists the average number of degree days that have
occurred over a long period of years, by months, and the
yeatly totals for various cities in the United States and
Canada. The number of degree days for United States cities

were calculated by taking the difference between 65 F and™

the daily mean temperature computed as haif the total of
the daily maximum and the daily minimum temperatures.
The montbly averages were obtained by adding daily degree
days for each month each year and dividing by the number
of days in the month; then totaling the respective calendar
monthly averages for the number of years indicated and di-
viding by the number of years. The total or long term yearly
average degree-dsy value is the summation of the 12 monthly
averages. Degree days for Canadian cities were supplied by
the Canadian Meteorological Division of the Department of
Transport, and were computed from the mean temperature
gc;rmnls on record for the various stations. (See Note ¢, Table

* The multipliers in Table 3, which arc high for mild climates and low for cold
regions, are oot i error as might appess. The unit figurea in Tables 4, §, and G ara
Dper aquare foot of radistor of thousand Btu heat loss per degres day. For equiva-
lent buildings and heating scasons, those in warm climatos havs lower design best
omsea and emaller radintor quantitios than thoae in cold titiea. Consequently, the
wnit figure in quantity of furl per (Iquare foot of radiator) {degree day), is larger
for warm locnlities thaa for colder regions. Since the northern cities have mare
radiator surface per given building and a higher scasonal degrix-day total than
titles in the acuth, the total fusl per.senson will be larger far the northern city.

Values of N depend on the particular building for which
the estimate is being prepared and must be found by survey-
ing plans, by observation, or by measurement of the build-
ing. Values of U for use in this equation are the unit fuel
consumptions per degree day, obtained as a result of the col-
lection of operating information and listed in Tables 4, 5, and
6. Attention is directed to the nature of these umits in the
next following sections.

Unit Fuel Consumptions per Degree Day
The quantity of fuel used per degree day in a given heat-

Any attempt to apply the degree-day method of
fuel consumption for less than one month would be of very
Little value. It should be noted that this method of calcula-
tion is based on a long term average and cannot be expected
to coincide with any single year in ecaleuiating fuel require-
ment. Individual yearly degree-day calculations may vary
as much as 20 percent above and below the long term aver-

If the degree days occurring each day are totaled for a rea-
sonably long period, the fuel consumption during that period
as compared with another period may be assumed to be in
M proportion to the number of degree days in the two
periods. Consequently, for 2 given installation, the fuel con-
sumption can be caleulated in terms of fuel used per degree
day for any sufficiently long period, and compared with

similar ratios for other periods to determine the relative -

ing plant can be reduced to a unit basis in terms of quantity
of fuel or steam per degree day per thousand Btu hourly
heat loss at design conditions. A less frequently used basis is
quantity of fuel per (degree day) (square foot of floor area).
In fact any convenient unit can be used to relate the con-
sumption to the degree day and to the building.
The chmce of these units requires explanation, and some
and jud If the volume basis i3 used,
the net heated space is preferable to the gross building cub-
age, since gross cubage includes outer walls and certain por-
tions of attic and basement space that are usually unheated.
In the absence of data on net heated volume, a value of 80
percent of the gross volume may be used to obtain the esti-
wmated net heated volume. The volume basis has been rather
widely used primarily because it is simple to apply. In in-

dustrial buildings it is usually easier to obtain the correct




