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following bati degree da;
for the penod multlphed by 24, for the value of (¢— l,)N
in Equation 3. Since this amounts to the basis for degree—day

caleulations, assuming that ¢=65 F, some allowance is thus

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

7, le 1: iy

building i3 ¢5 be haated o 76 F from
6s.m.t0 10 p.ov and 65 F from mp.m 10 6 a.m. The calculated
hourly heat loss is 120,000 Btu per hour based on 70 F inside

at —10 Foutdnom. 1f ‘the building is to be heated by metered |

steam, wmm ds would be required di
o y poun: req)

The heating vnlua of gteam may tbh.;ahkm as 1000 ’

Solution.:
'E:.llperlb andsmeel‘upurchaseda

uring an average |

1962 Guide And Dc'u Book

established, has been found to give reasonsbly accurate resuliz
for the average residence, but if precise estimates are requi

the heat loss should be calculated as cutlined in Chapter 25 of
the 1961 Guipe AND Data Book.

DEGREE-DAY METHOD

This method is based or consumption data which have
been taken from buildings in operation, and the results have
been computed on a degree-day basis. While this method
may not be as theoretically precise as the Calculated Heat
Laoss Method, it is considered by many to be of more valye
for practical use.

The amount, of heat required in a building depends upon

] R tearn, td en the outd , if other variables are eliminated,
0 percent. Assume average outdoor mpcm-« Theoretically it is propomom;l to the difference between
. ture as 36.4 F Tbeavmge inside temperaturs is the outdoor and indoor tem The American Gas As-
(18 X 70) + (8 X 65) - 68.3F sociation" determined from records in the heating of res.

. 24 o dences that the gas consumption varied directly as the de-

L i gree days, or as the difference between 65 F and the meag
Bubstituting in Equation 1 outdoor temperature. In other waords, on a day when the
120,000(683 — 36 . mean temperature was 20 deg below 65 F, twice as much

F= 000( 384)5088 = 243,000 Ib. gas was consumned as on a day when the temperature was 10

1.00(70 — (—10}j1000

' Ezample 2 What would be the fuel cost to heat the building
in Erample 1 & an_average heating eeason, stoker-
fired bituminous at $14.00 per ton havmg & calorific value
of 13,000 Btu per b, sssuming that the utilization efficiency of
the system is 65 percent?

Solution: Bubstituting in Equation.1
- 120,000(68.3 — 36.4)6088
_0.65[70 — ( — 10)]13,000
. The fuel cost is then (28,800 + 2000) (14) = $201.00

F - = 28,800 Ib.

Ezample 3: De ine the esti ‘.{ueleonpuijnf,
heating a buildi m&hmed ing that tha caleul hourly
heat loss is 60,000 Btu on —10 F. The design tem

tures are —10' F and 72 F. mnormalhenungmnmpglao
days, and the average outdoor temperature during the hesting

seuonu351F Theuhhuuonetﬁumcywﬂlbem reent. The

t.um‘mf will be mmf.\med from 11 p.m. to 1.
%z&epnwolp\am7.50enf.upexlOOOOOBtuo{fueleonamnp—
0.

Solution: The asverage hourly temperature is
(72 X 18) + (65 X 8)
24

The maximum hourly heat loss is
’ H = 60,000 Btu.
The seasonal heat losy ia
60,000(69.7 — 35.1) X 24 X 210
100,000 X 0.70 X-[72 — ( — 10)]
= 1823 hundred thousand Btu.
The estimated seasousl fuel cost will be
. 1823 X $0.075 = $136.73
i.B:‘:luhould be noteth.‘)’::t savinga from mght set,back may no‘:
combusuon efficiency may be poor durmg morm.ng pickup.t¢
Several \‘.xme-savmg procedures have been devised for
quickly estimating the hourly Bta loss of one- and two-story

residences in order that(ueleshmatmmbepredmwd more
quickly from Equation 1. A graphical method

L= =69.7F.

M =

heat losses has been developed“ which’ makﬁ possible 8 °

quick solution if the gross wall, ceiling, or floor areas and re-
spective transmission coefficients are known. .
The graphical method" when used within thc limitati

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.

. They are listed in a Iater section of this chapter.

Studies made by the National District Heating Associa-
tion™ of the metered steam consumption of 163 buildings
located in 22 different clt.m and served with steam from a
district heating the imate cor-
rectness of the 65 F base chcsen by the gas mdustry

Table 2 lists the average number of degree days that have
occurred over a long period of years, by months, and the
yearly totals for various cities in the United States and
Canada. The number of degree days for United States cities
were calculnted by taking the difference between 65 ¥ and
the daily mean temperature computed as half the total of
the daily maximum and the daily minimum temperatures.
The monthly 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

- mouthly averages for !.he number of years indicated and di-

viding by the number of years. The total or long term yearly
average degree-day 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

. no)rmals on record for the various stations. (See Note ¢, Table

Any attempt to apply the degree-day method of estimsting
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 calculating 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 oceurring 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
direct proportion to the number of degree days in the two
periods. C: ly, for s given installation, the fuel con-

ption can lculated in terms of fuel used per degree

1ohere
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Table 3 ... . Correction Factors for Outdoor
Design Temperaturess

of fuel or steam per degree day per thousand Btu hourly
heat loss at design conditions. A less frequently used basis is

oOvtdaor Design Tezp F....| —20 | —10 ] o [ 410 | 420

of fuel per (degree day) (square foot of floor area).
In fact any convenient unit can be used to relate the con-

Correction factor..."...| 0.778 | 0.875 | 1.000 | 1.167 | 1.400

to the degree day and to the building.
The choice of these umts requires explanation, and some
diser and j If the volume basis is used,

Tha multipiisrs in Table 3, which avo igh for mitd climates aod low for cold

,,;u.ﬂ'l;nn:mum;h . The usit Gigures in Table 4 sro per
radiator lnnpuduud.y o

aquate foot of : .ﬁn

buildiogs huh can0; tbo.e
ﬂlm-adanma“ wvn:uuﬁus '.hun eddnum.m
, the unit Egure in quantity of per (squars foot of radistor) (degreo
7. 5 arger for i localiies thaa for colder regious. Since the northers
radistor. mw ven
e e o soa o Sou Lot foul e sensen will o e for
ibe northers city-

day for any sufficiently long period, and eompared with simi~
lar ratws for other periods to determine the relstive
effici with the outd vmble

L9

Such result.s should be used with some reservstxon since

the net heated sp:we 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-
mated 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
volume of a given building than to measure and evaluate the
beating eapacity of its heating system, or calculate its maxi-
mum hourly Btu loss. The comparison of buildings on a
straight volume basis does not allow for varistion in expo-
sure, type of construction, ratio of exposed area to cubical

it is possible to have wide variations, for
early and late winter periods.

Computation and Application

The genera! equation for ealeulating the probable fuel con-
sumption by the degree-day method s: -

F=UXNXDXC - (8}

F = fuel consumption for the estimate period.
U = unit fuel consumption, or quantity of fuel used per
(degree day). (building load unit).
Ny = oumber of butlding load unils (when available, use
© " calculated hourly heat loss instead of actual amount
of radiation installed).
D = gumber of degree days for the estimate period.
€y = temperature-correction factor from Table 3. °

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 Table 4.-Atten-
tion is directed to the nature of these units in the next follow-
ing sections,

Unit Fuel Constimptiom per Degree Day
" The quantity of fue} used per degree day in & given heat-

. l'38[-’me-c‘m.llmreducedt.c-aux1xl;ha:n:;u:d:erms:ol’quanm.v

Table 4 .. . . Unit Fuel Consumption Constants
Saied on O F outdoor 70 F indoor

Utlization Effidency
60 70 80

- Unit fvel consumption per degree day per

. Foel ond units . 1000 tuh design heat loss .
Gas in therms* 0.00572 | 0.00490 | 0.00429
Oil in galtons 0.00405 | 0.00347 | 0.00304
Coal in poundss 0.0476 0.0408 0.0357

3 Onc therm is equal to 100,000 Bta.
» Buaed on s peaiing vaine of 141060 Bt per galivn.
* Bxaed on & beating value of 12,000 Bta ps yooad

, and type of occupancy. It is inaccurate for estimat-
ing purposes unjess the buildings are of very similar nature.

“The cajculated heat loss or the heating capacity of the in-
stalled radiation may be used as the unit. The use of the heat-
ing eapacity of the installed radiation is of questionable value
when referring to heat-transfer surfaces used in warm air
furnace or central mr-condmonmg systems. Where steam
or hot water radiation is already installed, care should be
exercised when using the usta.lled radiation as the basis for

since actual installed radiation may differ con-

siderably from the exact radiation requirements. In view of
all these econsiderations, it is believed that the unit based on
thousands of Btu of hourly calculated heat loss for the design
hour is probably the most desirable.
Estimating Gas Consumption

Values of the Unit Fuel Consumption Constant U for
various fuels are given in Table 4. They are based on an indoor
design temperature of 70 F and ap outdoor design tempera~
ture of O F, and apply only to these conditions. For other
outdoor design conditions corrections must be made by
applying factors given in Table 3.

‘The factors for gas in Table 4, as corrected if necessary, are

. satisfactory for regions having 3500 to 6500 degree days per

heating season. In regions with less than 3500 degree days the
unit gas consumption is higher than given; where over 6500,

the unit is less than given. Ten percent, addition or deduction -

in these cases is ded by A.G.A. publicatiops. This

- table cannot be used for making estimates for industrial

buildings where low inside temperatures are maintained.
For gas heat values other than those given in Table 4,

_ simply interpolate or exttapolate.

In order to use Table 4, the efficiency of utilization must be
known. A range of values is in Table 1 which may
be used as a guide. It is suggested that the lower end of the
range be used unless there is definite knowledge that the
system involved is oi high quality snd properly controlled.

Ezample 4: te the gaa required to hest a md.enen

located in Chxmgo, m., whem the heating season has 6310 d eﬁe .
ft. The

days and the gas has a hieating value of 800 Btu per cu
hmun;syswmmnpsdmgnedumt The design heat logs of the
house 15 60,000 Btuh based on design temperatures of —10 F out-~
door and 70 F indoor.

Solution: Table 1 indi that the d effici of utili-
zation will be between 70 and 80 percent. The higher eﬁ'\cmncy
applies to s near perfect aystem and unless one is assured of
condition, it is eafer to use the low to midrange value. In t.hxs

roblem an efficiency of utilization of 70 percent is
g‘mm Table 4, the gas consumption for a design outdoor mmpem-
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