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ADBSTRACT
“Degree-davs™ 15 used to quanufv the duration and severity of hotness or coldness of a

climate Cooling degree-davs is the accumulation positive differences between observed
temperature and the base temperature

From hourly drv-bulb temperature data for lkeja (Lagos) and Horin for 15 vears.
average monthly and annual total cooling deuree-days were computed for base temperatures
varying from 24"C 10 30°C for both locations. A mathematical mode! was also developed for
cooling degree-days from the data for the two locations

In addition, 2 tymical one vear dry-bulb temperature data were obtained for each of

eleven other locations in Nigeria and cooling dearee-days were calculated directly from the

- data and also from the mathematical model for cooling degree-days developed earlier from the

data for lkeja and llenn.

The annual total cooling degree-days for a base temperature of 24°C obtained from
weather data were 2989, 784 4, 951.7. 971.9, 9896, 10125, 10227, 10515, 10763,
12252, 1431 4, 1803 6 and 1999.6 "C - days for Jos, Kaduna, Ibadan, Port-Harcourt, Benin.
Calabar, Tkeja (Lagos). Norin, Enugu. Abuja. Kano, Maiduguri and Sokoto, respectively
Degree-days predicted using the mathematical model agreed quite well with the values listed
above

Cooling degree-days are useful i estimating the cost of cooling over a period of time.
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Man has learnt from experience that extremes of hot or cold weather are
uncomfortable and unhealthy for him In most places in the tropics, the only form of extreme
temperature to be contended with is high temperature.

Before mechanical engineers perfected domestic refrigeration and comfort air
conditioning, people suffered and died in some parts of the U 5. A during summer and some
people who could afford to. moved form the southern states to the northern part of US.A
during summer (Nagengast, 2000)

The rate of metabolic heat release from the human body depends largely on the
shysical activity engaged in by the person. If the ambient temperature is too high, the body has
difficulty in dissipating heat and it may suffer harmful effects such as: diversion of blood from
ternal organs to the body surface, profuse perspiration and loss of some useful salts and
minerals from the body and interference with normal sleep habits especially if the weather is
also humid (Harnis, 1983)

From studies carried out on subjects in the temperate zone, it was found that the
ambient temperature should not exceed 30 'C for the body to be able to loose metabolic heat
comfortably (Billington and Robert, 1982)

The concept of “degree-day™ is used to quantity the duration and severity of hotness
or coldness of a climate It is an important climatic statistic useful in the estimation of the
energy requirement for heating or cooling a building during a period of ume. The total degree-
days over a period of time is the accumulation of one-sided differences between a base value
of temperature and the set of values of temperature which occur. The total heating degree-
days is the sum of all positive differences between the base temperature (T,) and the observed
values of ambient temperature (T) i.e (T.-T) whereas, the total cooling degree-days is the
sccumulation of positive differences between the observed values of ambient temperature and
the base temperature, ie  T-Ty.

The degree-day was first applied 1o heatng of building for human comfort by
American Gas Association circa 1915 when it was discovered that no fuel was consumed

when the dailv mean outdoor temperature was greater than I8 "C (for an internal design
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. gemperature of 21°C) and also that the fuel consumption on any day was propertional to the

_difference between the 24-hour mean outdoor temperature and 18°C (Billington and Roben,

1982) The outdoor temperature above which no heating is necessary (18°C in this case) is
called the base temperature of heating deg‘rtc-days and the heat gains from miscellaneous
sources such as lights, people, machinery and solar radiation maintains the indoor temperature
at the design value which is higher than the base temperature

Erbs (1984) used twenty-year hourly data for nine locations in United States of
America to compute cocling degree-days for base temperature values varying between 10 and
26°C. From ambient temperature cumulative distribution function model derived for the nine
jocations, Erbs also developed a mode! for computing monthly cooling degree-days.

Olorunmaiye and Arivo (1998) used fifteen-vear data for the Tkeja (Lagos) and Ilorin
to develop cumulative distribution function model and cooling degree-day model applicable to
southern Nigeria cities

However, latent heat and solar radiation through windows constitute a large part of
cooling load and they are not directly related to outdoor temperature. The concept of cooling
degrec-day is quite relevant 1o refrigeration load of freezers, refrigerators and cold storage
rooms, where transmission heat gain as a result of temperature difference the ambient and the
space being cocled and also the sensible portion of air change heat gain due to door opening
and infiltration constitute a high percentage of the cooling load.

Like in the case of heating degree-days in which miscellaneous heat gains cause the
base temperature to be below thermostat set point temperature, solar radiation and other
internal gains can lead to appropriate values of base temperature for cooling degree-days
being well below thermostat set point (Erbs, 1983) However the cooling load which occur
when the ambient temperature is berween the base temperature and the thermostat set pint can
be partly satisfied by ventilation with ambient air. In the case of refrigerators and freezers and
cold storage rooms. such miscellaneous heat pains are minimal and the base temperature may
be assumed to be approximately the same as the thermostat set point temperature

Both heating and cooling degree-days are useful in estimating the energy required for

heating or cooling a space over a period of time A possible use of degree-days is for the
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values obrained to serve qualitatively in charactenizing a climate zone with respect to another

(Biscarini et ai 1995).
The aim of this work is to gather data for some locations in Nigeria and calculate

from the data for Ikeja (Lagos) and Tlorin will aiso be applied to all the locations to see how

accurate it is.

2 METHODS OF CALCULATING COOLING DEGREE-DAYS

2.1 Calculation Directly from Data
Cooling degree-days (D.) can be calculated directly from hourly dry-bulb temperature

data using the expression

D.=(1/24) ;J f{T,) (1)
where %

f(T,) =T-Ty ifT.>T, (2a)
and '

f(T)=0 ifT,<T, | (2b)

In the expression above, T, = hourly dry-bulb temperature in "C, Ty = base temperature in "C,

n = number of hours in the period over which cooling degree-days is to be calculated.

=)
()

Model for Cooling Degree-Days

The method discussed in section 2.1 is useful if long-term hourly dry-bulb temperature
data are available. However, the direct computation of cooling degree-days from long-term
hourly data is rime consuming and expensive especially if such data are not available on
diskette Hence there 1s need to develop a model 10 simplify such calculations

A temperature variable h defined by Erbs (1984) for developing models for probability

density function and degree-days is given by

h=T1-T (3)
ONI 2
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Where T = mean dry-bulb temperature calcu]ate(;l as the arithmetic mean of all the hourly
temperature during the period, 0 = standard deviation of dry-bulb temperature and
N = number of days in the period of time over which degree-davs is to be calculated
The model developed for calculating cooling degree-days from 15 - year data for Ikeja and
Tlorin is given by (Olorunmaiyve and Arivo, 1998):
D = 0 N"*[0.081546 -0.5hy + 011765 In cosh (4 25hy)] (4)

where hy — Ig'_-f
oN'? (5)

All that is needed to apply equation (4) for calculating cooling degree-days for say a month is
the average hourly dry-bulb temperature, standard deviation and number of days for that

month,

3 RESULTS OF THE COMPUTATION FOR VARIOUS LOCATIONS

The selected locations in Nigeria for which results are presented here, are shown in
Figure 1,
31 Ikeja (Lagos) and Horin

From the hourly dry-bulb temperature data for Ikeja and Ilorin for 15 years (19978-
1992), the method discussed in section 2.1 was used to calculate cooling degree-days for the
twelve months of the year for values of base temperature ranging from 24 to 30°C  The result
' is shown in Table 1 (Ariyo. 1997) It should be noted that this computation can be carried out
for any desired valued of base temperature. However, in this work, cooling degree-days were
calculated for base temperature varying between 24 and 30°C because the indoor design
condition dry-bulb temperature for cooling load calculation for air conditioning is 24°C and
30°C is the ambient temperature that should not be exceeded if the body is to loose metabolic
heat comfortably.

The monthly mean temperature and standard deviation of hourly dry-bulb temperature
obtained from the 15 - year data from Tkeja and Ilorin are shown in Table 2 (Ariyo. 1997)

These parameters are the needed input data for calculating monthly cooling degree days from
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FIGURE 1 MAP OF NIGERIA SHOWING THE SELECTED LOCATIONS
AND LATITUDES 5, 10. 15°N AND LONGITUDES 5, 10, 15°E
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v the model in equation (4) The monthly cooling degree-days calculated using the model are

" shown in Tabie 3 (Anyo, 1997)

3.2 The Other Eleven Locations

From one year weather data obtained for Kano (1985), Port-Harcourt (1990), Enugu
(1989), Calabar (1950), Jos (1990), Kaduna (1989), Maiduguri (1983), Sokoto (1990),
Ibadan (1992), Benin (1992) and Abuja (19594), the monthly mean temperature and standard
dewviation were calculated The results are shown in Tables 4 and S

The probiem of incompleteness of data available made it impossible to collect data for
all the eleven place mentioned above for one particular year,

Tabie 6 shows the total amount cooling degree-days for a base temperature of 24°C
calculated from weather data and model for the selected locations. More detailed results of
the monthly cooling degree-days computed from weather data and the model can be found
elsewhere (Olcrunmaiye, 2000) Table 6 shows the arrangement of the locations in the
ascending order of the magmtudes of their total annual cooling degree-days

The percentage errors in the magnitudes of cooling degree-days predicted using the
model are also shown, The months having maximum and minimum cooling degree-days are
shown in the table

The design month used for calculation of air conditioning cooling load is defined as

- the month haring the highest mean maximum temperature among the four warmest months

(Shoboyejo and Shonubi, 1974). For locations where such pieces of information as design

month and elevation are available, they are shown in Table 6

4. DISCUSSION OF RESULTS

The maximum difference for Ikeja and Horin between the total annual cooling degree
days predicted using the model (Table 3) and results obtained from the weather data {Table 1)
are 24 5 and 24.6'C- days respectively. From Table 1. it can be seen that the total annual
cooling degree-days for lkeja fell from 1022 7°C - days at 2 base temperature of 24°C to
86.3°C-days at a base temperature of 30°C, whereas that of Hlorin fell from 1051.5 to
174 0°C - days. Tlorin has higher cooling degree-days than Ikeja because of the clearer sky

over llorin which causes more diurnal temperature swing at Tlorin than Ikeja.
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The months of maximum cooling degree-days fell within March to May for the
selected locations. For each place it was the month occurring before rainfall becomes regular,
In some places these months of maximum cooling degree days also coincides with the design
month.

Abuja and the locations in the southern part of Nigeria have their month of minimum
cooling degree-days occurring in July or August during the rainy season whereas the places in
the northern part of the country have their months of minimum cooling degree-days occurring
within December to February which are harmattan months when the weather is cold, dry and
dusty

The design month for the northern hemisphere is usually taken as July (Jones, 1980)
In the CARRIER software package for computing air conditioning cooling load, this
assumption of July being the design month was made to generate dry-bulb temperature
profiles. However the results in Tables 1-6 show that such assumption is not right for
locations in Nigeria. This is because July is in the rainy season and there is a lot of cloud cover
which reduces the intensity of solar radiation

The percentage errors in the values of total annual cooling degree-days are less than
5% except for Jos (8 3%) and Kano (20.3%). This shows that the model developed is quite
good and applicable throughout Nigeria. The agreement between the model and the results
calculated directly from the data might have been better if long-term weather data had been

used for the eleven location instead of one vear data

S CONCLUSIONS

The running cost of refrigerators, freezers and cold storage rooms per annum
can be expected to increase in the order in which the places are arranged in Table 6, i.e. Jos
having the lowest and Sokoto having the highest. For each place, the running cost of
refrigerators, freezer and cold storage rooms are expected to vary from month to month and
be proportional to monthly values of cooling degree-davs. However, the running cost of air
conditioning systems may not be directly proportional to cooling degres-days because latent
heat component of the cooling load may be significant and it is not reflected in cooling

degree-days
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The model for cooling degree-days developed from long-term weather data of lkeja
and lorin has been found to be suitable for places all over Nigeria,

The severity and duration of hotness of the selected locations have been quantified and

tp[esen[ed.
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