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PREFACE

The fear of shortage of fuels and electric energy for future
use due to the increasing demands with the rise of standard of living
was the main worry for Mmericans, We too have realised this only
recently, There were two ways avallable to them to meet this challenge,
one to find out the ways to use the avallable fuel and electric energy
economically and the other to augment the fuel resources.

As the proverb goes *Prevention is better then cure! the
- . .
immediate step taken by the Mmerican Companies was to set some standard
of energy consumption for heatirg the btuildings, so that the avallable

heat energy could be used most economically.

As a result of these efforts, a unit called 'Degree-Day® was
evolved about half a century backe

It is surprising that degree-day which i1s being used as unit
of heating in most of the Western countries for last about fifty years
is so uncommon t Indian Alr Conditioning and Heating Engineers. India
is facing the shortage of fusl and electric energy snd e should also
work for ninimising the consumption of energy., No doubt, Indian
Selentlsts and Research Engineers are busy with the research work for
finding substitutes of ordinary fuels and to create heat energy by meny
other avallable resources, but no attention has been pald either by our
Govermment or by our Scienﬁéts and Engineers to find out the ways to
utiliso the avallable energy resources officiently in heating of
buildings which I suppose is much more inportant than increasing the

resources,

After working for five years in the field, I realised the
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importance of this aspect only during ny Post-Graduate Study
period at Roorkee (1959-80) when I had opportunity to study

a number of very good magazines on air-conditioning and heating
in wvhich the mention of Degree-Day as unit of heating of build-
ings was so often made, Thus in consultation with ny guide Sri
Rajendra Prakash, I had decided almost in the beginning of ny
course to work on this topic for my dissertation, so that it nay
not only enable me to get my M.E., Degree but it should also bs
of Teal use to our engineers working in the field of alr-condit-
ioning and specially in heating, With this aim in view I have

been working on this topic for the last forteen months.
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INTRODUCTION

In 1915 Mre E.Ds Milener, then an engineer with the gas
utility company at Baltimore ( United States ), found that the gas
-or fuel consumption of house heating plants in that city varied
vith the number of degree days the outside mean Dry-bulb temperate
ure ( MaXe + Min, y was below 64°F, if the required inside temperate
ure was ‘70°§ approximately,

For its confirmation and acceptance by ally, it had to
ff{ée se'v‘erél tests by field engineers and the latter studies show=
ed that when the figure was 65°F the relationship was proved. As
a result the 65°F figure was put into use and the name of degree-
day was glven to ‘the unit related to this base temperature. Thus
from the inception of thig unit, field studies supported the
conclusion that the proportionality between fuel consumption and
the temperature difference began at 65°F in heating of residential
and other like building requiring an inside temperature of 70°F,

Thus the concept of degree~day is based upon the
principle that for buildings requiring an inside temperature of
70°F, the amount of fuel or heat used per day is proportional to
the number of degrees the oﬁtsi‘de mean temperature ( W )
falls below 65°F,

The number of degree-days for a given day is thus equal
to ( 65 - dally mean temperature for that day in °F ) and the
number of degree-days for any larger period is the ‘sum of all such

products for as many days as the period covers.

For exaznple on 18th December 1959, the highest temperate
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ure recorded in New Delhi was 66,56°F ( 19,2°C ) and the minimum was
39,20F ( 49°C ). The daily mean temperature was therefore 66,56 + 39,2
= 52,88°F ( 11.6°C )o The number of degree-days for tﬁat day 1n2New
Delhi was thus ( 65 - 52.88 ) x 1.= 12,12 in Fahrenheit units and
6,73 in Centigrade unlts, Carrying through this operation for each
of 31 days separafely for whole of December 1959 the total number of
degree-days in New Delhi for that month could be found oute

No attention is given to those days/months when the oute
si®2 temperature averages .abo've 65°F e.g. 4th December when the
average temperature was 83 + 53 .. gg, |

’ 2

The degree-day thus defined is now so widely used that
when the unit is mentioned in United States, it is understood that
the 65°F base is referred to unless some other descriptive word is

used with it.



DEVELOPMENT AND APPLI CATION
METHOD OF FINDING THE BASE OF PROPORTIONALITY

The general method of investigating the base of proport-
ionality by direct field studies is illustrated in figure 1,

The observed fuel consumption figures are plotted against
daily mean temperature outside. The necessary conditions for making

such a §tudy ares=

- . 1. The heat energy used should be one that is easily
measured, so that the exact quantity used can be
recorded without difficulty.

2 The plant should be one in which the energy measured
is all used for the heating of the buildings and

none for cooking or service water heating.

In figure 1 the points are plotted and a stralght line is
dramn.through them, so that the points on the either side of the
line number about the szme, In this case the straight line crosses
the zero fuel consumption axis at 65 degrees. In any particular
plant, straight line may!cross_at a few degrees above or below 65
degreess If the varistion is more than a few degreés, some special
conditions apply which must be taken into consideration. The point
at which the axis is crossed fixes the value of outside temperature
ot which the fuel consumption starts, or the base of proportionality
between fuel consumption snd temperature differences

hile most of the buildings are operated with inside
temperature of 70°F during the heating season there are iﬁportant

cases where the malntained temperature departs considerably from



=6

70°F, Prominent among such cases are industrial btuildings of various
kinds. In general, but little authentic information is in exi stance
to show at what temperature the proportionality between fuel consunp te
fon and temperature difference begins in such plants,

IYPES OF DEGREE-DAYS

For any locality there are two types of Degree-Day figures.

1o The number of degree-dsys which have occured for that
locality during a specific'period such as December 1959
or the‘ whole heating segon of 195960, These are termed
as actual degree-days. '

2+ The other is the nommal or average number of degree=
days for that locality on a monthly or yearly ba'si.s.
The normal is the average of similar periods over two

O more years.

APPLI CATIONS OF DEGREE~DAY

The following are the four main uses of degree-dsy

figures,
le AS A GUIDE IN OPERATION.

The degree-dsy has been found increasingly useful as
a means of securing efficlent operation of heating plants as it
provides a means of checking results with the weather variable (i.e.
temperature) by comparison., Thus 1t makes maintenance staff secure

good use of the fuel. .

This use of degree-dgy is made as illustrated belowi-



person inagugurating the systei.

Based on past records, a chart such as shown in figure 2
is prepared using day as the time unit and the quantity of steen or
Electric energy used per day per 1000 cubic feet of building volume
as ordinates On the basis of past records, a standard, or par, or
1008 measure of performence is set upo, From this,lines represente
ing 90%'of stendard performance, 110%, 80%, 120% and so on are
plotted, This is drawn only once,. and from then on the daily recore
ds are compared against the chart. Obviously if the standard has
been properly set, readings over 100% represent sub-standard operate -

ion, readings under 100% good operstion,

| A second chart can be employed, as shown in figure 3, for
recording monthly performance of any building whereas figure 2 is
drawn once for each building, figure 3 is a blank chart, one being
filled in for each building each month, |

For each day of the month, the data for the bottom horie-
zontal columns aré filled in =~ only the top one, the day of the
monthy being printed in on the blank. The day of the week is filled
in by hand as shownj this is necessary since it will show any
variation from normel repeated on certain days of the week. For
exzaple, commercial buildings, such as offices, cen be expected to
show lower fuel, steam or electric energy consumption on week ends
when the bullding is partly, if at all, occupled. ‘..I‘he other columns
are self explanatory; the extreme bottom column is filled in by

referring to figure 2.

The performance is then plotted by drawing bars as shown
in the dashed lines for the first seven days. The purpose of this
graphical portion of the chart is better to show up extreme or
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repetive variations from normal,

Finally the steam or Kilo-watt Hour used for the whole month
is obtalned by totaling the dally figures, and this is also done for
degree days. The monthly figures can then be inserted in the spaces
at the top of the chart.,

Once the system is in operation, it can be kept in operation
with ease and at very low cost. This cost may be far below than rapid
when the system calls to the management's attention on increasing fuel,
steem or Kilo=watt Hour, Consumption due to faulty operation or equip-
ment fallure which otherwise night have gone on too long unmoticed,

The method illustrated is a composite one and can be varied
widelyo It may be that a weekly basis rather than daily one would be |
more practicable. The system can even be a more simple oney, such as
the simple plotting on a graph of weekly energy consuaption per degree-
dsyo The detalls of the system depend entirely on the enthusiasm and
ingenuity of ‘the person adopting the system.

An unusual but logical development in connection with the use
of the degree-day is made for school buildings in United States. In
this case, since Schools are only open fine days a week, a record was
kept only of the degree-days on school days, so that a comparison
could be made on a more logical basis for this type of building.

2, The use of the degree-day includes keeping a record of
degree=-days to show dissatisfied customers why their Energy bllls are
higher in one period than anothers

For example, gas, fuel oll, steem and electric energy
utility companies are frequently faced with this problem in explalning

[



to customers why their bills go up so sharply from October to
November and November % December. The customer is aware, of course,
that the weather 1is getting colder, but ordinarily the precise
degree=day figures make better impression on him than his own avareeo
ness of low temperatu.re; In some cases utility companies even érint
the number of degree-days on its Wlls. In this case the number of
degree-gleys shown is for the peridd covered by the bill,

3o PREDICTING FUEL CONSUMPTION,

- The use of degree-day unit in predicting fuel consumpt-
ion can be made in two different waysse
(1) Predicting what the fuel consumption will be in an
| existing building for which performance data on fuel -
consump tlon during past perlods are known,.
(11) . Predicting fuel consumption for a new or proposed
building or one with a new heating plant for which

no previous comparable fuel data are availabieo

One of the best examples of the use of the degree-day for
predicting fuel consumption for an existing building is that used
in the fuel oil delivery business where, by use of the degree-day,
fuel deliveries are simplified and the fuel oil dealers know by
their records exactly vwhen to deliver fuel oll just prior to the
time when the oil in the tank becomes dangerously lowe

The method used first time in 1928 1s as folvlows:-

A separate card is kept for each customer and a constant
K determined by dividing gallons of oil used by that customer for
a given period for vwhich the number of dégree—days was known, This

K was then the gallons used per degree-day for that customer., Since
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the record is kept each day of the degree-days, it is possible at
short intervals to go through the cards and determine how much oil
has been used by each customer during that period and then subtract
that from the previous known amount of the fuel in the customer's
tank, Consequently it is quite easy to detemmine just when the
customer's tank will become empty and anticipate this by a delivery
of oile |

By adding the fuel consumption on all cards, it is possible
to arrive at the number of gallons of o0il needed by the company for

its custoﬁers per‘degree-day so as to detemine its own stock,

4, PREDICTING FUTURE NEEDS,

A entirely different use of the degree-day wnit is in
predicting the fu‘ture fuel/Electric energy requirements in a build-
ing yet to be built, or in an existing building where, perhaps a
change in fuel or energy is contemplated. It is this particular use
of degree-day that originally led to the development of the degree-

daye

If the heat 1éss calculations for a tuilding were accurate
for the design conditions, and if heat loss at anyother outside temp-
erature were proportional to that gt design conditions, then' the heat
lost from the building for a whole heating season could be expressed
by the equation = . | |

h. Ehaln-te) (»

(t1 - to)
Where H = Seasonal heat loss in BIU

h = Hourly heat loss from the building for the

design condi tions,
ty = inside design temperature OofF
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t = Outside design temperature OF

R
il

Hours of a day

(*7
i

Number of day in the heating season
ta = Average outéide temperature for the heating season
For buildings where the inside design temperature is 709F,
the formula becomes -

_ 24hd (70 = ta)
S ey (2)

The heating season in United States begins on the date

when the' nomal daily mean temperature crosses downward over the
659F line and ends where it crosses upward over the sazme line.
" The average temperature t, can be found by the equation =

ty = 65 . D (3)

d
Where D = Degree-days of the heating season
and d = The days of the heating season
Once t, and d are avallable for any city, the heat required

can be calculated by equation (2).
However, equation (2) can be further simplified by substite

uting the value of ta from equéation (3)e

Th“SH:%:% {70- ( 65-%2)}‘

or n=2Lod D ia (4)

o’s Heat required per degree-day of the season

B _ 24(6d+ D) h
D~ (70 -t D

and since it is desirable to express the heat loss in terms of

thousands of BTU hest loss

% H - 24 (54 + D) 1000
D (70 - t)D ('1%55)




to, 4 and D being constant for a particular place

24 ( 54+ D) 1000
(76 = D = constant = X say (5)

Thus the constant K is the unit heat requirement for that
locality in BIU per degree-dsy per 1000 BTU per hour heat loss at
the design conditions.

~ The working fomula, thus, becomes

-~ H =xp ¢ ) |
B =0 (30 ] » (6)
there H = Heat to be supplied, BTU per normal
heating season,
) = Heat loss in thousands of BTU per hour

#
1000
at design conditions

Normal degree=days per year

K = Heat to be supplied in BTU per degree—day
per thousand BTU per hour heat loss at
design conditions for the city in question.

Thus K 1is constant only for g particular city or small
locality and the values of K for different cities are readily avail-

able.

If £ is the heat value of fuel used and E the utllising
efficiency, then fuel required for the whole season can be found by
KD ( h

1000) (7)

F= T

EXAMPLE: |

A New York residence had a calculated heat loss of 70,000
BTU per hour, From the data avallable, K for New York city is 424.7
end Dig 5050 f = 535/cu. ft., of fuel gas and E = 0.8, Find out the



cublc feet of fuel gas required for the whole heating season.

By equation (7)

—

.- kd ( 585~

, B

= 424,7 X 9050 x 70 - 774 cu. ft.
ST 350, cu. f£t. of gas.

SEASONAL LOAD FACTOR (SLF)

In figure 4 vhich shows design temperature t, (which is
10°F in this graph), ty the average altitude of shaded area and
t, = ( 65 = tx )o

The seasoﬁal' load factor (SLF) of a winter heating plant
can be defined as the percent of the shaded area to the area of the
rectangle ABCD, Since the shaded area is equal to D, the number of
degree~-days during season and since AB = 65 = t, and BC = d, the

days of heating season, then -

I | ~
SLF ol o e x 100 (8)
But D= d x tx
A F=dtx x 100 _ txx 100 (9)

d (65= to) 65« t

ANNUAL LOAD FACTOR (ALF)

Anual load factor of the heating plant is the percent
of total time over the year that the heating plant operates.
Graphically 1t is the ratio of the shaded area ( figure 4 ) to the

"area of rectangle EFGH,
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Therefore -

= D d ¢ |
AF = 5T ert)" 365 (65 =537 (10)

OPERATING HOURS ( 0.H )

The number of operating hours (0H), that an intermi ttent
or on-off plant operates during a normal year is thus -
OH = ALF x 24 x 365 (11

The knowledge of the number of hours of operation of a
heating plant 1s useful in determining the electrical consumption of
the mo tors, pumps and similar electrical equipments,

LIMITATIONS

The foregoing method of predicting fuel consumption and the
suplementary data derived from this method are subject to the follov=
ing limitations:-

lo By definition, the method applies to spaces heated to
70°F and will not apply to spaces heated to temperatures differing
sharply from 70°F as in the case of industrial buildings,
| 2, The data apply % a normal year and are subject to
vari ations from year to year as the number of degree-days varies.
Thus the results obtalned for future prediction may not be eo accurate.
3. As the value of F, the fuel consumption for the season,
calculated from equation (7) depends upon design heat loss, the result
can be no more accurate thean the heat loss calculatiens, If the heat
losses are liberally, on the conservative side, the fuel figures
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obtained will like-wise be too liberal and will glve too high values
of fuel consumption. _ ..

4, Since heat galns are not ordinarily cglculated (account-
ed for) in winter heat loss estimation, fuel consumption indicated by
~ degree-day method will be too high by the zmount of heat gain. Heat
galns in winter include thoge from

i. Cooking and bathing
11. Body heat loss '
iii. Appliances
ive Chemical actions |
v. and perhaps the most important of all is the solar
heat galn. These added together can amount to 25%
of the heat loss and if they are ignored, the fuel
consumption will be estimated too liberally by a
corresponding amount, '
5. The method is based on g constant outside design
temperature to. If any other outside temperature is to be used the
value of K should be recalculated with the help of equation (5).

Go ‘Calculated fuel consumption, since it is based on space

cooling only, does not include the fuel for service hot waters

7. Incorrect value of efficiency assumed may effect the

fuel consumption calculation adversely.
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INVESTI GATIONS FOR INDIAN CONDITIONS

No work hasy, so far, been done in India on this problem.
The author has made the first attempt fo find the base of proport.
lonality between the heat energy consumption and tenperature
difference for heating of buildings, Under Indian climatic con=
ditions, From this base of proportionality, the compilation of
Nommgl Dégfee—days has also been done for 33 representative cities
of Indlao

SELECTION OF INSIDE TEMPERATURE FOR THE EXPERIMENT,

Aé used in caleulations of the winter heating loads, 70CF
has been adopted as inside tempersture., The temperature suits most
61‘ the places in India. Even though a little lower temperature may
do for the Northern most citles of India like Srinagar, Mussoorie,
Simla etc., 70°F inside temperature will be equally comfortable.
Similarly for Southern parts a still higher temperatﬁre may look to
be more comfortable but there also 70°F will be a good inside temp=

erature.

PLANTS USED FOR THE EXPERIMENT,

Due to the fact that heating is not so popular in Indig,
it was a great problem for the author to find one or more heating
plants suitable for the purpose. Out of the heating plants in Ney
Delhi, the three heating plants working at Lady Harding Medical
(bllege and Hospital were considered to be most suitable in confirm-
1ty with the requisites of such g plant already discussede

OBSERVATIONS.

The experiment waLs performed from 24.12,60 to 1.1.61,
this period being considered almost the coldest period of the winter
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season at Delhi, Out of the three plants started with, one plant
(working for surglcal ward) had to be stopped after two days as one
of its heating element got burnt,

Therefore the observations given in the following pages
( Table 2 and Table 3) are only for two plants (one for Nursery ward
and the other for Gyani Ward).

To get the dally megn dry bulb tempefature for the days
of experiment, the hourly dry bulb temperatures were obtained from
the office of the Director, Regional Meteorological Centre, Lodi
Road, New Delhi and have been tabulated in Table 1.

i th t'hs introguction of Metric System in India, the
temperatures obtained from the Meteorological Department are all in

centigrade units.

The daily electric energy consumption in KWH were no ted
for the two plants separately as tabulated in Table 2 and Table 3.

PLOTTING THE OBSERVATIONS ON A GRAPH,

Outside daily mean temperature in degrees centigrade is
taken as abscisa and electrical energy consumption in Kilo-watt
Hour as ordinate for plotting the observations (Table 2 and Table 3)
of the two plants and points are plotted as shown in G-1 and G=2.

After plotting the points a straight line is drawn in such
a way that it passes through the maximum number of points and cuts
the zero energy consumption line at certain point. Also, as per
method of finding base of proportionality already discussed, almost
equal number of points should lie on the two sides of the line, This
minimises the error likely to creep in due to sudden change of
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TARLB 1
HOURLY IEMPERATURES 2C AT NEW DELHI FOR THE PERIOD OF EXPERIMENT
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1st Jano

14,3

OURS  24th o5th 26th 27th  o8th 29th  30th — 31ist

Dece Dece Deco Dece Dece Dece Deec. Dece 1961
1 13.6 12,6 12,7 13.5 13.5 4.5 19.5 16,7 7.1
2 13,1 12,0 11.6 12,2 13.0 13,8 19.5 16.7 16.8
3 13:1 11,2 10,5 118 13.0 13.8 19.5 16,6 16,3
4 13¢1 1le1 10.3 11,0 12,2 13.8 19.1 16.6 16,3
5 12,7 10.7 10,3 10.8 124 13,8 18,1 16.4 16.3
6 12,5 10,3 12.2 10.8 11.5 13.7 17.4 15.4 16.2
7 12,2 10,3 10.2 10,7 11.2 13,5 16.2 15.2 16,1
8 12,1 9.8 10,2 10,7 11.2 13,4 16,5 15.2 16,0
9 12,0 11.3 13,4 12,2 1.4 15,7 15.3 14.3 15,0
10 13.0 13.8 16,8 17.2 16.4 18,3 15.3 15,1  15.3
11 16,4 16,2 20,7 19.5 19.7 20,5 16,2 16.4 15,5
12 1803 18.3 22,2 21.2 218 22,5 19.3 18,1 1547
13 21.2 12.2 22.2 21,1 22,9 23,5 19.8 18,7 16.2
14 21,3 20.3 22.2 22,7 23.2 23,4 19.6 18.9 16,3
15 22,7 20.8 22.5 23.1 24.5 25,7 20,0 20,0 15,6
16 23,2 20,8 22,5 23,1 24,5 25,6 20,3 20.2 4.6
17 23.2 20.7 22.2 22.8 2.3 25,6 20.3 20,1 4.4
18 22,7 18,4 20.0 21.1 22,4 23,9 20,1 19.7  13.7
19 2005 16,6 17.4 18.7 20,2 21,1 20,1 19.7 13.6
20 18.7 15,3 15,5 17,2 18,2 19.1 19.4 18,6 13.1
21 17,2 15.2 15.0 16,0 17.2 18.9 18.6 18.1 12.6
22 15.7 1407 1.6 15,2 17,0 18,2 18,2 17,8 12,0
23 14,9 14.8 Mol 15.1 16.3 1943 18.1 17.4 11.6
24 4.3 14,0 4.4 14,8 19.5 16,7 17,3  11.6
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TABLE 2
OBSERVATION FOR PLANT No 1

( Nursery Ward )

Inftial Final Energy Outside Temperature Cglcula

Energy Energy Consumption 0C. from Table 1 ed outa
Dates Meter Meter KWHS side Me
. Reading Reading Tempera
(000 shrs) (2400 Hrs) MaXx, Min, ure 9C,
246 12,60 90 118 28 23,2 12.0 17,6
256 12460 118 174 56 20,8 0.8 1503
26612,60 174 ' - 221 47 22,5 10,2 16.35
37012060 221 26 1 40 230 1 10,7 16 o2
380 12.60 261 287 26 24,5 - 1l.2 17.85
06 12,60 87 292 5 25,7 13.4 | 19.55
30,12,60 292 316 24 203  15.3 17,8
310 12060 316 346 30 ) 2002 : 1403 17025

&

1. 1.61 346 414 7.1 11.6 14,35
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TABLE 3
OBSERVATION FOR PLANT No 2
( Gyani Ward )
Initl Final Energy  Outside Temperature Calculat
Energy Energy Consump tion 0C., from Table 1 ed oute.
Dates Meter Meter KVHS side Mesg
Reading Reading Temperat
(000, hrs) (2200 hrs) Max, Min ure °C,
24,12,60 126 157 31 2302 12,0 17,6
25, 12,60 157 217 60 20,8 9.8 15,3
26,12,60 217 262 45 22,5 10,2 16035
27.12.60 262 301 2 2301 10,7 » 16.2
28612,60 301 331 30 24,5 11,2 17,85
29,012,680 331 338 7 26,7 13.4 18,55
30.12,60 338 366 8 20,3 15.3 17,8
31012,60 366 401 35 2002 14,8 17,25

1o 1, 61 401 473 72 17,1 116 14,35
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temperature and varlation in occupancy and infiltration of outside
cold alv, |

RESULTS,

The point at which the straight line graph crosses the
zero energy consumption line fixes the Minimum outside daily mean
temperafure at which the conditions are comfortable and no heating
is requirede If the outside temperature is below this value, heat.

ing is required to mgke the room condi tlons comfortable.

As is seen from the two graphs G-1 and G-2, the straight
. line gragphs in both the cases cross the zero energy consumption
line at 20°C (68°F,) outside dally mean temperature.,. Thus it

. reveals that, in Indi ay the heating segson starts when the outside
dally mean temperature of the place under cénsideration goe(s below
- 200C (689F.). That is the standard base of proportionality for |
Indian conditions is 20°C (68°F.} and has been adopted for compil=
atlon of degree-days in the next chapter,

DISCUSSION ON RESULTS,

Delhi being one of the average cold city, the base of -
proportionality for Delhi can safely be taken as standard base of
proportionality for the whole of India for all practical purposes.
Author feels that 70°F room temperature malntained during the
experiment is a temperature which will suit most part of the country
and therefore 20°C (68°F,) as base of proportionality, investigated
at Delhi, may be applied practically to all parts of India, of

cour se, the exact base of proportionality for a partlcular place
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mgy have to be found out if so desired, But even in countries
like United States and United Kingdom where Degree-Day as unit
of heating is being used so widely for last many decades, only
one standard value of base of proportionslity is used, evenw
though there 8lso is a sharp variation in climatic condition
in their different reglons.

The value of 200C (68°F,) seems to be quite reasonable
when compared with the value of 65°F in United States of America
and 60°F in United Kingdom which are comparatively colder

countries,



COMPILATION OF DEGREE-DAYS

Out of the two types of degree—days, namely Actual Degree-
Days and Normal Degree-Days, the latter type is useful for future
use. Therefore the investigations in the following pages have been
made only for Normal Degree-Days. Normal Degres-Days may bs further
subedivided into Monthly Nommal Degree-Dazys and Yearly Normal Degree-

Dayse

MONTHLY NORMAL DEGREE=-DAYS,

These are the average of actual degree-days for the same
month over two or more heating seasons. For this, the maximum and
minimum daily temperature for two heating seasons (In most of the
cases for 1959-60 and 1960-61) for thirty three representative cities
of India have been obtained from the five Regional Meteorological
centres of India (New Delhi, Nagpur, Madras, Bombay and Calcutta).
Then from the investlgated base of proportionality and the calculate
ed dally mean temperatures, it was decided as to how many nonths of
a normal year require heating for each city in the case of resident-
ial and other like buildingse.

Further investigation regarding the number of degree-days
has been made only for the months forming the actual heafing seasoho
In case of cities require no heating, the investigation has been |
done only for one or two coldest months of the year just to show

that no heating is required in that viscinity.

| The normal monthly degree-days have bheen calculated over
two heating seasons (The latest two heating seasons for which the

meteorological data could be avallahle)s
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Fahrenheit units=."

Compilation of Average (Normal) Monthly Degree Days for the month o(OCtOber ......... forSRINAGAR
1959 1960
Dates Mﬁjé‘a".“%’f‘ %C;’;“ S.”iéc.agr". Rearee MB::{;‘“’T? ‘%é“r“‘ | S:?éf‘%f | Depree
1 | 29.0 | 12,0 | 20.95 C 2.8 7.7 [17.25 | 2.75
2 29 .6 13.1 2135 28.3 | 8.3 18.3 1.7
3 29.7 15.5 22,65 | 21,9 | 5.6 13.75 | 6.24
b | 9.4 | 138 | 21.65 L9 | 6.7 [15.8 | 4.2
5 8.9 | 15,1 | 22.0 R5¢4 | 10,C [13.2 | 6.8
6 2.7 12.7 19.7 3 25.5 | 7.2 16,35 | 3.65
7 20,3 | 11.2 | 15.75| k.25 | 25.6 | 8.1 | 16.85 | 3.15
8 22,9 10.0 16,45 3455 25.3 | 8.5 16.9 3.1
9 25.0 9.7 17.35] 2465 26,7 | 7.1 169 3.1
10 | 26,0 | 9.4 17.7 | 2.3 2662 | 649 | 16455 | 3.45
11 2641 9.1 17.6 2ely .71 5.6 16415 | 3485
12 249 7.9 16.8 342 2543 543 15.3 Le7
13 0.1 Tk 16.75] 13.25] 2bheh |. 5.4 14.9 5.1
W | 256 | 7 | 1605 | 2.5 2062 | 5.3 | 15475 | 425
15 25.0 | 7.8 16.4 | 3.6 25.6 | 5,0 1543 L7
16 0.1 | 9.3 12.7 243 23.0 | 5.0 14.0 | 6,0
17 25.0 9.6 | 17.3 2.7 19.9 | 3.1 11.5 8.5
18 | 255 | 8.9 17.15] 2485 | 210 | 2.1 | 11.55 | 8445
19 | 25.k | 7.2 6.2 | 3.7 | 21| 2.7 1.9 | 8.1
20 | 2b.1 | 7.1 15.6 | hok 23.3 | 2.3 | 12.8 | 7.2
121 | 24.6 7.8 6.1 3.9 R2eky | 242 12.3 7.7
22 21l. 4 5.C 13.2 6.8 21.7 | 1.7 11.7 8,3
23 2.7 5.6 13.15) 6.85 | 21.7 1.1 114 8.6
b | 2244 L6 13.6 6.5 2.3 | 1.1 117 8.3
25 23.1 5.3 1he 5.6 29,4 | 1.0 10,7 | 9.3
26 21.9 5ok 13.65| 6.35 32,0 1,0 11.5 | 8.5
_7 1.3 9.0 1465 5.35 20,6 | 1.4 11 9
28 [18.4 8.8 13.5 6,5 Q1«7 | 1.6 11.65 | 8.35
{29 | lheb | 5.6 10,0 | 10.0 [ 21.1) 2.2 | 11.65 | 8.35
30 | 16.9 Le? 104551 9.45 19.3 | 1.6 10.45 | 9.55
31 177 3k 10.55: 9. 45 17.8 | .2 9.0 11.0
Total for the month 120,70 -19309%
Average Degree Days for the Month of.(.J. C ‘bo bet‘. ............... centigrade units--:..].‘ 59.°3 ................
807 .
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Coméilation of Average (Norm.al) Monthly Degree Days for the month ofNaxemhen......for. SRLNAGAR

1959 1960
Dates VMS:(};B'T"%‘T‘ “gg‘;é’f“r“.‘ i ﬁ?"gg%". Degree ] _”E,jg’ir’" hﬁ:%'f“{‘ ﬁ.”o‘ig‘f‘%f Degree
1 | 183 | 36 | 10.95 9.05| 18.9| .9 9.9 10,10
2 16. 4 6.4 11.4 | 8.6 1943 [=0.2 9.55 10.45
3 10.7 | 3.9 730 12.70] 14.7 [-0.6 8,05 | 11.95
L 8.9 L6 6.75 13.25 18.1 |-0.7 8.70 11.30
5 12.8 Tk 10,100 9.9 18.4 1=0,7 8.85 11.15
6 4.7 | 6.9 10,80, 9.20 | 19.3 |0.7 9.30 | 10,7
7 9.3 =0.1 4.10 15.9 17.4 | =1.0 ! 8.20 11.80
8 6.1 1.9 4.0 16.0 17.6 | 3.2 10. 4 9.6
9 10,0 . 5.k 7.7 12.3 176 | 2.7 10,15 | 9.85
10 | 13.3 | 6.3 9.8 10,2 15.2] 0.6 | 7.90 12,10
11 12.8 3.6 8.2 11.8 17.0 0.3 | 8.65 1L.35
12 | 13.3 | 3.2 8.25 | 11.75] 15.8| 7.7 ' 11.75 | 8.25
13 13.7 2.1 7.9 12.1 14.8 | 14 8.10 11.90
14 13.6 1.1 7.35 12.65| 13.4| 0.1 | 6.75 13.25
15 1L.2 343 7.25 1275 15.0| <04 | 7.7 12.3
16 14e3 3.8 9.05 10.95] 1lhes| =0,2 | 7.10 12.9
17 142 2.1 8.15 11.85| 16.1| =2.6 | 6.75 13.25
18 1349 0.0 6.95 13.05) 15,2 =2.8 | 6.2 13.8
19 2.3 0.5 6.4 13.6 1549 | =344 | 6,25 13.74
p.¢) 13.9 0.0 6.95 13.051 4.4 1.6 8.0 12,0
21 13.3 0.2 6.50 13.50] 11.8 | 3.4 7.6 124
22 13.2 0.4 | 6.3 13.6 15.2 | 1.1 | 8.15 11.85
23 12.1 | 0.1 6.1 13.90| 9.0 | 13.4 | 6,2 13.80
21 12.6 | 8,0 6.8 13.2 12.2 1 2.8 7e5 12.5
25 | 9.9 2.2 6.05 13.95] 12,9 | =2.9 | 5.0 15.0
26 10,6 0.3 Seld 14551 12.2 | «1.9 | 5.15 14.85
27 11.6 1.9 6,75 13.25] 1.2 L1 6.15 13.85
28 10,1 1.8 6.0 14.0 9.2 1.8 5¢5 14.5
0 1117 | 38 | 7.7 | 12.25] 6.8 | 0.7 | 3.75 | 16.25
30 13.7 1.6 7.65 12.35] 11.9 | =3.6 | 14.15 | 15.85
l

Total for the month =375.15 “H73 .40

Average Degree Days for the Month OiNovenber' ............... centigrade units=..... L"gl"°3 ...... ceceee

76374

Fahrenheit UNitSem.ccveieenreressoeroesae. ons
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Compilation of Average (Normal) Monthly Degree Days for the month ofDecanber'fo:"SRII\’AGAR
1959 1960
Dates Mﬁ:‘é’f"}'f‘ | ‘g:’;g“‘}“‘ b %CE'} ! %e;s;:e MS}:?UTm MDlzganurm g:%r?%.: 3;5‘;"
1 | 9.7 TV 1,07 7535 | 1465| 113 | =2.7 (k30 | 15.7
2 | 11.8 | 1.0 | 6.4 13.6 | 1l.4 | -3.8 |3.8 16.2
3 13.3 | 2.9 8.1 11.9 | 12,1 |48.0 [4.05 |15.95
L 10,8 5¢4 8.10 11.9 12.8 | =3.3 |L4.75 15.25
5 11.8 L7 8.25 11751 10,7 | =3.8 [3.95 16.05
6 S5ek° 0.7 3.05 16,95 | 11.8 | =5.0 [3.40 [16.6
7 8.9 -0, 1 Lol 15.6 127 | =5.3 13.7 16.3
8 8.2 1.7 Le95 15, 05 10,1 ~3e3 ek 16 .6
9 8.1 1.9 5.0 15.0 10,0 | «2,7 |3.85 16.15
10 | 8.2 2.7 5445 1he55] 12,1 | =49 | 3.6 16.4
11 | 8.7 0.7 | 4.0 16.0 12,2 | =5.7 13.25 16.75
12 | 6.1 0.3 3.2 16.8 10,2 | 2.7 |3.75 16. 25
13 7.0 -39 155 18.45] 9.2 1.1 L.05 15.95
14 | 8.1 =2,9 | 26 | 17.4 | 18.5 | =03 15,10 | 14.9
15 | 6.k -0.7 | 2.85 17.15| 142 | 3.1 5455 1he 45
16 | 6.3 =0,2 | 3.05 | 16.95! 9.4 | 2.3 [3.55 |16.45
17 | lhek | =21 | 6-15 | 13.85| 6.k | -0,1 [13,15 |16.85
18 7.3 -3.1 2.1 17.9 4.0 1.4 1.3 18,7
19 | 9.4 =243 3.3 16,7 | 6.2 1.8 2.2 17.8
20 7.7 -1.7 3.0 17.0 Le7 1.0 1.85 18.15
21 9.0 -1.9 3.55 16.45] 2.4 0.4 1.5 18.5
22 | 6.5 | -l.l 2.70 17.3 2.1 0.2 [0-95 19.05
23 6.9 -2.9 2.0 18.0 | 2.5 ~0.7 |0-9 19.10
2y | 10,1 | =33 | 3.4 16,6 | 743 | =2.7 |2.3 17.7
25 19.7 -3.1 | 3.3 16.7| 7.1 | =3.9 |1.6 18. 4
2 8.8 -3.6 2.6 1744 | 2.6 ~1.3° |0.65 19.35
27 10,0 -3.0 3.5 16.5 6.1 0.0 3.05 16.95
28 7¢2 -1l.1 3.05 16.95] 9.6 1.9 5.75 14.25
29 5.6 -3.8 14 18.6 11,6 | «0.2 |5.7 14.3
30 9,0 -3.6 e 7 17.3 5.8 | 0.1 2.9 16.1
31 |8.3 =343 2.5 17 .5 3e3 0.1 1.7 18.3
f
Total for the month 045 .—520.3|5

Average Degree Days for the Month oﬂQec.emben._..............

centigrade units=,.2.3. 4

............

Fahrenheit units=.L4 702 ceceoree.ee
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Compilation of Average (Normal) Monthly Degree Days for the month ofJapuary ....... for SELNAGAR
1959 1960
Dates | “S;‘é‘;",‘%'f‘ “‘Sj;é’?‘if‘.‘ ; fk.”ié;%‘. Degree MS:?“%’.‘ ’%:%‘f“r“.‘ | S:g?%‘. Degree
1 | 3.8 | -leh | L2 | 18.8 | 9.9 | <k7 |26 | 17.4
2 3.1 =21 | 05 | 19.5 | 8.9 | =k7 |2.1 17.9
3 1.6 «0s7 | 0ubh5 | 19455 9.9 | <hebh |2.75 | 17.25
L ] 1.9 -0.8 0655 | 19.45] 9.6 | =khe2 | 2.7 17.3
5 1.8, | =0.9 | 0-45 | 19455 9.9 | =49 |2.5 | 17.5
6 6.7 «3.h 1.65 18.35| 8.0 =Le2 | 1.9 18.1
7 30l -2.5 | 0.3 19.7 | 8.3 -3.2 | 2.55 17 o45
8 3.3 -0,6 1.35 18,65 6.6 =36 | 1.5 18.5
9 5.6 =4,6 0,5 19.5 | 9¢b | <3.0 | 3,2 16-8
10 | 46 -8.8 -2.1 22.1 9.0 -2.8 | 3.1 16.9
11 1.1 8.1 | =3.5 23.5 | 8.3 -0.6 | 3.85 16.15
12 A 7.1 =bo75| 24.75] 8.1 | 0.6 Le35 15.65
13 26 =5.3 =3.95| 23.95| 7.1 2.7 L.95 15.05
1k “342 6.1 <465 2,65 7.6 0.3 3.95 16.05
15 =3.9 5.4 =515 25.15| 4.6 0.6 2.6 174
16 | =349 | 6.2 | <5.05| 25,05 6.9 | =14 |2.75 | 17.25
17 -0,8 6,7 =375 23.75| 7.2 =2¢2 | 2.5 17.5
18 =3k =5.0 ~4e?2 2442 7.7 ~4eO | 1.85 18.15
19 | -1.1 | =47 -2.9 22.9 6.6 =31 | 1.75 18.25
20 1.7 -2.6 ohe5 20. 45| 0.8 «0,7 | 0,05 19.95
21 | 0.9 ~0.8 | 0.05 | 19.95] 1.1 | -3.2 | -1.05 | 21.05
22 ‘(ro 5 "0.6 ] 1095 18005 107 "501 '-108 21.8
23 501 -5.7 | -0.3 2043 e | =843 | «2.45 | 22.45
2h | 2.7 ~he3 | 0.8 | 20.8 | 3.3 | -9.5 |-3,05 | 23.05
25 | 2.8 2.1 0.35 19.65| 1.7 -7.2 | ~2.8 22.8
% L8 1ok | 1.7 18.3 | =24k | =he0 [ 3,7 | 23.7
27 3.6 0.3 1.95 18.05] «3.3 | =5.6 |~k k5 | 24.45
28 5.8 -2.2 1.8 18.2 «3e7 | =5.7 | =ks7 24,7
29 | Oui =11 | -0.35; 20.35] -0.6 | -5,2 |.2.3 22.3
30 | 3.3 =10 | 1.15 | 18.85| 0.1 | =43 |=2,55 | 22.55
31 hek =5.9 =0.75| 20.75] 3.1 ~2.4 10,35 19.65
l
Total for the month =646.75 =595,

.........................

Fahrenheit units=...l.llZa.é.............



Compilation of Average (Normal) Monthly Degree Days for the month of. February..... or SRI.NAGAR

1959 1960
Dates MS"E“‘%‘“ l R ﬁBC% %c;;;e ‘ MDngi_ ‘Vf)‘:g.‘%“.‘ | %?jcéf‘-gr? Degree
1 k1 -30'1_7) 2.0 | 22.0 | 1.4 | -0k |0.5 |19.5
2 | -0.3 % 6.2 | -3.25, 23.25| 2.k | -0.1 |1.15 |18.85
3 0.3 ! -4e0 | -1.85. 21.85| 4.7 | -0.6 [2.05 |17.95
A 309 1 =248 | 0.55 | 19445 3.4 | -0.3 [1.55 | 18445
5 Ll | -5.3 2l o221 | 2.2 | 0.8 0.7 19.3
6 3.8 ! bk | 0.3 0.3 1.7 0.8 [ 0.45 19.55
7 Lok | =6uk | 2.5 | 22.5 | 1.3 | -0.6 10.35 |19.65
8 .| 2.6 6.9 | =2.15| 22.15| 1.7 | -0.3 0.7 19.3
9 3.9 | <60k | =1e25]| 21.25] 2.3 | 0.1 1.2 18.8
10 | L1 !-5.1 “2,0 | 22,0 | 2.2 | 0.0 |1.1 18.9
11 | 2.7 1.2 | 0.75 | 19.25] 3.9 | 0.9 |2.4 17.6
12 | 2.1 <0.6 | 0.75 | 19.25| 7.4 | 2.5 |4.95 | 15.05
13 Le 2 2.7 0.75 19.25( 8.2 Le3 6.25 13.75
14 3.5 -2.3 0.6 | 19.4 | 8.6 he3 | 6445 13.55
15 | 43 =leh | Lo45 | 18.55| 9.9 | hek | 7.15 | 12.85
16 13,7 | -3.2 | 0,25 | 19.75| 10.0 | 46 |7.3 | 12.7
17 | kb =38 | 0.4 | 19.6 | 11.9 | 1.9 |6.9 13.1
18 | 5.1 2.k | 1.35 | 18,65| 12.8 | 0.3 [6.55 | 13.45
19 | 0.6 -l.4 | =0.4 | 20,4 | 13.9 | 0.1 |7.0 13.0
20 L.7 -0.8 1.25 18.75] 13.8 | 1.2 75 12,5
21 | 3.9 ~0.8 | 1.55 | 18.45| 16.2 | 2.8 |9.5 10.5
22 | 3.7 <22 | 0,75 | 19.25| 15.4 | 2.0 |[7.6 12.4
23 | 4.7 =1.8 | 1.45 | 18.55| 13.2 | -0k |6.4 13.6
2 54 |0k |25 17.5 | 17.2 | =2.7 6.4 13.6
25 | 7.3 -0.6 | 3.35 | 16.65| 17.2 | 1.4 |9.3 10,7
2 7.8 | k3 | L7 | 18.25| 168 2.8 .98 | 10.2
R7 | 7.5 =3.4 | 2,05 | 18.25| 18.7 | 2.3 [10.6 | 9.4
28 | 8.4 25 | 2.95 ! 17.05! 16.8 | 1.6 |9.2 10.8
29 | 16.8 | 1.9 ]9.35 110,65
|
f -.

;—c:t_al for the month =533 ok =h27.l.|

Average Degree Days for the Month of..E.@bruar Yot............centigrade units=..4Q0.0dk......o0nu.en.

Fahrenheit units=.882.¢7.2..ccerserees
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Compilation of Average (Normal) Monthly Degree Days for the month of March...... foreRINAGAR
1959 | 1960

Dates ﬁgﬁ‘ %E%H ﬁg? Degree jﬁ?? lﬁg? _Q?? Db
1 8.9 -1.8 3.55 16.45] 18.9 | 3.1 1.0 9.0

2 he6 Ol 2.5 17.5 | 17.1 | 3.3 |10.2 |9.8

3 Ls O 0.6 2.3 17.7 | 17.9 | 3.6  [10.75 !9.25
b 8.1 2.1 5.1 14,9 10.9 | 4.7 [7.8 12.2
5 10.0 | 2.5 6.25 13.751 10.3 | 5.4 7.85 12.15
6 10.1 | -0.1 | 5.0 15.0 11.9 | 5.3 8.6 11. 4
7 11.6 0.1 5.85 15,151 149 | 344 9.15 10.85
8 11.7 | 0,0 5085 | 1lhel5| 7¢2 | 2.2 | 47 15.3
9 12.8 | 0.6 6.7 13.3 | 49 1.1 3,0 17,0
10 12.1 2.9 7.05 12,95 5.0 1.8 3.4 16.6
11 | 10,1 | 3.2 6.65 | 13.35] 5.1 | 0.0 | 255 | 17.45
12 | 12,2 | 2.6 7ol 12,6 | 6.7 | 0.6 [3.65 | 16.35
13 | lh.4 | 2.1 8.25 11.75]| 8.2 304 | 5.8 14.2
14 14.7 2.3 8.5 11.5 o1 3.6 Le35 15.65
15 15.6 3k 9.5 10.5 9.8 3.8 6.7 13.3
16 | 13.9 | 3.3 | 8.6 1.4 | 9.7 | 2.2 1[6.95 | 14.05
17 | 13.8 | 42 9.0 11.0 | 7.2 | 2.1 | 465 | 15.35
18 | 143 | 4.0 9.15 |. 10.85| 10.0 @ 3.2 |6.6 13.4
19 6.1 3.6 9.85 10.15f 11.6 | 3.7 7.65 12.35
20 17.8 5.0 11.4 8.6 11.1 | 1.9 6.3 13.5
21 | 16.9 | 5.4 11.15| 8.85 | 13.2 | 3.4 |8,3 11.7
223%| 19.1 | 6.2 12.65| 7.35 | 10.2 | 2.7 |6.45 [10.55
23 | 0.4 | 6.7 13.55] 6445 | 642 | 0.3 |3.25 | 16.75
24 19.7 10.8 15.25 . 475 | 11.7 | 0.0 | 5.85 14,15
25 17.9 | 5.4 11.7 | 8.3 12.9 | 2.1 | 7.5 12,5
2% | 7.2 L6 5.9 1hel | 15.0 | kel [9.55 | 10,45
27 | 116 | 6.4 | 9.0 1L.0 | 13.6 | 8.1 |10.85 |9.15
28 16.8 | 8.6 12,7 | 7.3 16.7 | 4.9 |10.85 |9.15
29 !13.7 | 8.3 11.0 | 9.0 Lhob | 5.8 10.1 |9.9
30 146 | 6.9 1075 | 9425 | 9.9 | 4.9 7ok 12,6
31 | 11.9. | 5.7 8.8 | 11.2 | lhek | he2  [9.3 10.7

' |
Total for the month =358.9 =399°8|
Average Degree Days for the Month of. MaL, < VO centigrade units=..3.79. LI

Fahrenheit units=..6.32.o.8.3. ............ .
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Compilation of Average (Normal) Monthly Degree Days for the month ofApril............. for SI.RT NAGAR
Mini 19 59 Average Maximum M inimumlgéoAvefa8° Degree
Dates MSB? T . Déc?' “T_"gtr])_’?élw _—D]?c—;;:e ) D.OSI?. T. D_ag. T. “ng T Days
1 |16 | 5 | 8.5 | 1.5 | 15.5 | 3.7 19.6 | 10.4
2 16.3 6el4 11.35| 8.65 17.5 | 3.3 10,4 |9.6
3 0.4 | 644 11.4 | 8.6 18.3 | 4.6 1L.45 |8.55
4 1743 701 12.2 7.8 17.9 | 7.1 12.5 75
5 15.7 4.8 16,25 | 9.75 18.9 | 5.3 18,1 7.9
6 Leoh | 53 | 9485 | 10.15| 1502 | 4.3 19475 | 10,25
7 16.7 6.7 11.7 8.3 18.5 | 5.6 12.05 | 7,95
8 20.7 | 8.6 1465 | 5,35 174 | 6,0 [11.7 (8.3
9 2.7 | 10.8 | 16.25| 3.75 | 11.7 | 0.9 6.3 13.7
10 21.7 | 10.3 6.0 | 4.0 4.2 | 2.