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utilization over the heating season can be calculated from
these data. They show a variation from approximately 72
t0 88 percent depending upon ihe type and size of system.
Laboratory tests on a gas conversion burner in a heating

boiler operated with on and off cycles gave about 72 percent

efficiency.® Other tests on coal-fired room heaters indicated,
for the heating season, efficiencies of 65 to 75 percent,- when

the heat from the flue pipe was included” A sirvey of .30 .~
- residences in one locality showed a variation of 45 to 75 per-

cent in utilization efficiency, depending upon the condition

of the equipment and the fuel used. C C
Experience at the University of Illinois was used in es-
blishing overall efficiencies for a'tabulation of the compara-

tive costs of heating the same building with various fuels to -

be found in a pubbeation of the Small Homes Council” - -
The efficiencies of utilization - over the heating season

" shown in Table 1 are suggesied as a guide. Considerable

Table 1.... Efficiency of Utilization
Over the Heating Season

1959 Guide

where

H = calculated heat loss including infiltration loss, Btu per
hour, based on ¢, and & .
[ age inside
period, Fahrenheit. .
4, = average outside e through esti period,
Fahrenheit (for U. S. cities with en Oct. 1-May 1 heat~
ing season—see Table 2). X
& = indoor design temperature, Fahrenheit (usually 70 F).
t, = outdoor design temperature, Fahrenheit (see Table 2).
so0 that the value of F becomes
o He -y
El — LC
The calculation of X, the average heat requirement, Btu
per hour, over the period under consideration is given only
approximately by Equation 2, when the value of A used is

~ the calculated maximum load, or design heating load for the
building, as d by the methods outlined in Ch

d during heating

F

Type of Fuel-Buming Unit Efficiency, Percent
Gas, designed unit ...l 76-80
Gas, conversion unit . 60-80
Qil, designed unit... AR 65-80
Qil, conversion unit. .. 60-80
Bituminous coal, hand-fired with controls. 50-65
Bituxil:sinoua coal, band-fired without con-
trols.......... e aneaieteresetaaaaanas .

Bituminous coal, stoker-fired...... . 50-70

Anthracite, hand-fired with controla . 60-80
Antbracite, hand-fired without controls. .. 50-65

Antbracite, atoker-fired. ................. 60-80
_ Coke, hand-fired with controls............ 60-80°

Coke, hand-fired without controls. . &0-65

Direct electric heating.......... ST 100

9, 11, and 12. This value is commonly used since it is usuaily
available from the heating system design caleulations. This
procedure will usually lead to values of X which are too high.
Io the first place, the design wind speed on which such cal-
culations are based is usually higher than the average wind
speed for the period so that infiltration losses may be over-
estimated. In addition there will usually be many sources of

heat not taken into t in the estimation of maxi
heat demand which may actually contribute to the heating
_and thus may decrease the fuel or energy required for heat-
ing without ily affecting the & heat d d
The more important sources-are solar radiation, people,

- lights, and equipment.

Improved estimates of fuel will result if H
can be recalcutated so as to be more representative of average
ditions over the heating period rather than the mazimum

judgment may have to be exercised in selection of appro-
priate values for any given case of fuel consumption calcu-
Iations. : .

CALCULATED HEAT LOSS METHOD

The quantity of fuel or energy required for heating may be
found by the Calculated Heat Loss Method from the equa-
tion )

XN

F’R (Y]

where

F = quantity of fuel or energy required (in the unita in
- which C is expressed).
X = average heat requirement for the period under con-
sideration, Btu per hour. N
N = number of heating hours in estimate period (for an
Oct. }~-May 1 heating season, 212 days X 24 hr = 5088).
E = efficiency of utilization of the fuel over the period,
expressed as a decimal; not the efficiency at peak or
. rated load condition.
C = heating value of one unit of fuel or energy.

The value of X i8 usually found from the equation

_H(l—t.)

X
-t

ditions used in heating load Further
improvement may be obtained at the expense of more in-
volved caleulations by making esti of the average heat
gains, and deducting these from the calculated heat losses.
There is a practical limit to the refinement in calculations
which should be attempted since there will always be some
factors which are only approximately known. The weather,
for example, very largely determines the heat losses, but will
normally be described only approximately in terms of aver-
age values of a limited number of weather elewments. Wind
speed, and sunshine will not necessarily be distributed uni-
formly over periods of different outdoor temperatures. In ad-
dition there is 8 limit to the accuracy of prediction of the
weather elements over the period of interest which is always
in the future. For these and other reasons, including such
unpredictable factors as the way in which windows and doors
will be opened and closed, the determination of H or of X
must always be in the nature of an estimate only.

Values of the ag di ture, &, are re-
quired for the caleulation of X by means of Equation 2.
Such values for the period October 1 to May 1 are given for
U. S. cities in Table 2. The assumption of an Oct. 1-May 1
heating season is reasonably aceurate in the well-populated
New York-Chicago zone but heating may be required over
a longer period for points as far north as Minneapolis, and
over a shorter period south of Washington, D. C. Conse-
quently values taken from Table 2 may have to be adjusted

(Text ca_n:i-nued on p. 634.)
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Estimating Fue! C

. Yable 2. ... Average Monthiy and Yearly Degree Days for Cities in

L

for Space- Heating

No.of | Arg.

State Skation Years | Sea- | Winter| tuly | Aug.| Sept. Apr. | May| sune| Teortr
soa1_| Tamp.® Total
Aln.....| Anniston. . ......A 62.3| 0 o 17 0| 2820
Birmingham.....A 51.8 o o 13 0 2780
Mabile... .. A o o o 0} 1612
Mobile..... ..C 89| o o o of 1520
Montgomery...:. A o 0 0 0 2137
Montgomery ..... c 56.4 o o o o 1954

Aris. .. .| Flagstaff 35.9 | 49| 78[ 243 212]
Phoenix . 59.5 o 0 0 0 -{gg
Phoenix. . 5727 o o © 0 1492
Yuma......... 625| of o o of 951

Ark. ...| Bentonville........ 06/07-40/41| 35 i 1 38 7
. Fort Smith . . o o 9 ol 3188

Little Rock. .. ... o of 10 of
Calif.. .| Bureka.......... [ 49.3 | 267} 248] 264 282] 4632
Fresno. . A of o o© of 2532
Independence. ..... | 98/99-40/41] 43 o o 28 18] 3834
Los Angeles A 31} 22| 56 56t 2015
Los Angeles c : 5.3 o o 17 18] 1451
Needles. . . .. | 17/18-38/30] 22 - of o 0 0] 1495
Point Reyes. 98/99-40/41] 43 350| 338} 263 363 4474
Red Bluff. ... 52.9| 0 0'220 o] 2546
of 0 2822
30| o of 17 ; 2600
1 7| 2 43| 1574
. 144 138] 101 164] 3421
54.2 | 189} 177} 110 180, 3069
8.5 7 1" 46| 2410

Colo.. .. 37.0( & 11 120

379! o 5103 g iy
04/0540/41] 37 | 25| 37| 201 139| 7143
-~30.9| of o 38 23| 5796
07/08-40/41| 34 280 332| 509 43410678
- of of 74| 21| 5108
Conn A o 141 101 31} 6139

. LA o 18 93 52
D.C...| Washington. _....A ol o m o a3
Washington. ..... C 43.4 o o] 32 0] 4258
Fla..... Apalachicola.....C 60.9{ 0 0 0 V
. Jacksonville. . ...A 60.6{ 0 ©o 0 g 132273
Jacksonville. . ...C 620 0 o © o 1113
A 726| 0o o o o 8
..2 73.1| .0 o 3 of 7
. of @ 178
~c| n4| o o o 8 173
..C |- 69.7| 0o o -0 o 1435
A 6o o o0 o 674
A o o 8 of 2826
..C o o '8 o 2811
CA o o o of 2138

A w1| o o 0 g
. R of 1710
....... 05/06-40/41] 36 | o o 2 1} 1513
ﬁ 39.8| o 0 13335 92 5890
. o of 68] 5483
| Pocatello. ...... A 35.0{ o0 of 18 138] 6976
Il..:...{ Cairo.... [N 46.4| o of 28 o 375%
Chicago. A 35.1] 0 o0 90| 350 765) 1147] 1243 58 6310
Peoria ... A 37.3 | of 1| 8 | 839 759] 1128| 1 41| 6087
Springfield. A 37t o 6 8| 315 723| 1066] 1168 32 5693
Springfield. o] 39.8| o of 58 666} 1017] 1116 14] 5225

* Data for Unitad States cities from a publication of the United States Weather Bureau, Mentkly Normal Tem; . ipitati
n ¢ e 5 peratires; Precipitation and Degres Doy, 1954, ato for
the perind 1921 1o 1950 inelusive. Those United Btatea citica for which years are given in Column 3 are not listed in the above publication and the data are thase which

wese computed by the United States Weather Burcau in 1948 and 1047 in accordance with the requirements of the National Joint Committee on Weather Statistics.
Dacs for sirpoct stations, A, end eity statioas, G, ars both given whars svailable. S

* Data for Canadian cities

by the ien} Division, Dy

of Tranapart from oormal monthly mean temperatures, adjusted for the sum-

::rﬁnﬂnby:’;.ﬁboddwwhyILC.B.Tbum,'rhn&ﬁmhhdomhbm'mﬁnmbwmeMTmmmlmunw Revie Vol. 82,

* " For period October to Avril, inclusive.




