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Abstract: - The most common data for describing the local solar climate is through what is called Typical
Meteorological Year data (TMY). Typical solar radiation data is very important for the calculations of many solar
applications. Previously, the calculation TMY for solar radiation has been already conducted for Armidale NSW,
Awustralia, as typical solar radiation years for Armidale were generated from the daily global solar radiation data
measured for 23 years, utilising the Finkelstein-Schafer statistical method. By all means, TMY of solar radiation
showed the how solar radiation is potential in Armidale and would be a real help for solar energy generation
systems’ designers in this region for all building applications varying between residential, educational,
administrative and commercial for sizing and maximising efficiency of such systems by using the tabular TMY
outcome for the each day of the year. However, in this study, cloudy days are considered, a revised TMY of solar
radiation for Armidale is generated. It has been found that, the consideration of cloudy days has significant impacts
on the potential of solar radiation in Armidale which is directly related to forming a real picture of this potential.
Such impacts are affecting inversely the expected amount of energy generated and/or heat from solar radiation in
Armidale.
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l. INTRODUCTION

The most common data for describing the local solar climate is through what is called Typical
Meteorological Year data (TMY). To determine TMY data, various meteorological measurements are made at
hourly intervals over a number of years to build up a picture of the local climate. A simple average of the yearly
data underestimates the amount of variability, so the month that is most representative of the location is selected.
For each month, the average radiation over the whole measurement period is determined, together with the average
radiation in each month during the measurement period. The data for the month that has the average radiation
most closely equal to the monthly average over the whole measurement period is then chosen as the TMY data
for that month. This process is then repeated for each month in the year. The months are added together to give a
full year of hourly samples. There is no strict standard for TMY data so the user must adjust the data to suit the
application. Considerable care must be taken with sample periods. Solar radiation data is a crucial parameter for
the prediction of long-term performance of solar energy generation systems. As well, it is a key input in modelling
and designing of solar energy applications. Thus, a need for a reliable source of solar radiation data has to be
readily available for particular settlement locations.
The need for a one-year representative daily meteorological data led to the development of methodologies known
as the Typical Meteorological Year (TMY), alternatively called Test Reference Year (TRY) [1]. TMY or TRY is
a representative data that consists of the month selected from the individual years and concatenated to form a
complete year. However, A TMY is not necessarily a good indicator of conditions over the next year or even the
next five years. Rather, TMY represents conditions judged to be typical over a long period of time [2]. Typical
weather year data sets can be generated for several climatic variables such as temperature, humidity, wind speed,
etc. or only for solar radiation. Various trials have been made to generate such weather databases for different
areas around the world [1, 3,4, 5, 6, 7, 8, 9, 10&11].

A TMY for Armidale has been developed [12]. But it didn’t consider cloudy days in Armidale since the calculation
procedure of TMY doesn’t incorporate that.

It is important to define the clear days and the cloudy days as follows:

Mean number of clear days is the average number of clear days in a calendar month or year, calculated
over the period of record. This statistic is derived from cloud cover observations, which are measured in oktas
(eighths). The sky is visually inspected to produce an estimate of the number of eighths of the dome of the sky
covered by cloud. A completely clear sky is recorded as zero okta, while a totally overcast sky is 8 oktas. The
presence of any trace of cloud in an otherwise blue sky is recorded as 1 okta, and similarly any trace of blue on
an otherwise cloudy sky is recorded as 7 oktas. A clear day is recorded when the mean of the 9 am and 3 pm cloud
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observations is less than or equal to 2 oktas. This definition has changed slightly over time. Prior to this, a clear
day was defined as having less than or equal to 2.5 oktas averaged over the 9 am and 3 pm observations [13].

On the other hand, the mean number of cloudy days is the average number of cloudy days in a calendar
month or year, calculated over the period of record. This statistic is derived from cloud cover observations, which
are measured in oktas (eighths). The sky is visually inspected to produce an estimate of the number of eighths of
the dome of the sky covered by cloud. A completely clear sky is recorded as zero okta, while a totally overcast
sky is 8 oktas. The presence of any trace of cloud in an otherwise blue sky is recorded as 1 okta, and similarly any
trace of blue on an otherwise cloudy sky is recorded as 7 oktas. A cloudy day is recorded when the mean of the 9
am and 3 pm cloud observations is greater than or equal to 6 oktas. This definition has changed slightly over time.
Prior to this, a cloudy day was defined as having greater than or equal to 5.5 oktas averaged over the 9 am and 3
pm observations [13].

Thus, the main aim of this study is to generate representative TMY solar radiation data for Armidale considering
the cloudy days, compare original TMY with the resultant cloudy TMY (CTMY) or (CTRY), analyse the findings
and estimate the impacts.

. DATA AND LOCATION

The daily global solar radiations recorded during the period 1980-2012 are utilized to generate the typical
solar radiation data. In Australia, meteorological observations are recorded by the Australian Bureau of
Meteorology (BOM) weather stations are widely spreader in lots of cities and towns around Australia. In this
study, the global solar radiation data recorded by Armidale Airport Weather Automatic Station and published on
the BOM’s website where it was collected. The missing and invalid measurements account for approximately
0.01% of the whole database of global solar radiation; those were replaced with the values of preceding or
subsequent days by interpolation. During the calculations process, any year found with more than ten days in any
month observations not available was excluded. “Table 1” provides geographical information for Armidale town
and the periods of the relevant global solar radiation data. “Fig. 1”” shows Armidale location in NSW, Australia.

Table 1 Geographical and solar radiation database information of Armidale NSW, Australia

Longitude ( TE) Latitude( 1S) Elevation (m) Daily Global Solar
Radiation Data
Period Total years
Armidale 151.67 30.52 970-1070  1990—2012 23
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Figurel Armidale NSW, Australia location (Google Maps)
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1. METHODOLOGY
Finkelstein-Schafer (FS) statistics [14] is a nonparametric statistical method, known as common
methodology for generating typical weather data [1, 2, 3, 4, 5, 8, 9, 10, 11&12]. In this study, FS methodology is
used for generating the typical solar radiation year. According to FS statistics [11], if a number, n, of observations
of a variable X are available and have been sorted into an increasing order X1, X2,. . .,Xn, the cumulative
frequency distribution function (CDF) of this variable is given by a function Sn(X), which is defined in equation
1).
) 0 ForX = X;
(E-0.5)
SH(X} =4 — FDT’X;{ = X = XK+1(1)

(]
1 For X=X,

where K is rank order number. The FS by which comparison between the long-term CDF of each month and the
CDF for each individual year of the month was done is given in equation (2).

FS = (1/y) T, 6.2)

where i is the absolute difference between the long-term CDF of the month and one-year CDF for the same month
at Xi (i=1, 2, n), n being the number of daily readings of the month. di and F(Xi) are expressed with the following
equations (3 &4).

5 = max[|F(x) — =2 1FGr) —|eo

F(Xy = 1—exp (=%¢/3))

where Xi is an order sample value in a set of n observations sorted in an increasing order and X is the sample
average.

Finally, the representative year for each month of the data set was determined on the basis that the representative
year is that of the smallest value of FS as in equation (5).

TRY = MIN(FS) = MIN(5;) (5)

V. GENERATION OF CLOUDY TYPICAL SOLAR RADIATION YEAR
Previously the TMY or TYR for solar radiation in Armidale has been generated [12]

The test reference years with minimum FS for monthly mean global solar radiation for Armidale are
given in “Table 2”. Which shows that, although the big picture that Armidale has a high potential of solar energy,
still there are considerable differences of potentiality in through the months due to the fact that Armidale’s winter
season (June, July and August) is relatively cloudy. “Table 2”, the minimum and maximum values of monthly
mean of the daily global solar radiation on a horizontal surface (ITRY) in Armidale, the minimum is 10.41 MJ/m?
day in June and the maximum is 25.88 MJ/m? day in December [12]

Table 2 Test Reference Years with minimum (min) FS and monthly mean of the daily global solar radiation
(ITRY) for Armidale NSW, Australia

Month Year ITRY (MJ/m?day)
January 1993 25.33
February 2007 25.18

March 1993 19.68

April 1993 15.98

May 2000 12.4
June 2006 10.41
July 1991 11.44
August 1999 14.62
September 2012 19.11
October 1991 22.00
November 1991 23.59
December 1994 25.88

Extracted from [12]
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Table 3 Daily global solar radiation values (MJ/m?day) obtained from Test Reference Year data for Armidale

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 29.4 181 191 188 135 108 100 145 164 205 223 246
2 27.0 225 218 189 126 106 104 142 163 194 229 250
3 27.2 232 211 178 139 9.00 112 136 161 193 234 26.0
4 26.1 261 220 190 130 107 100 132 175 209 231 257
5 23.2 255 198 168 120 109 120 133 158 212 213 254
6 23.2 235 213 195 147 116 112 143 187 199 223 238
7 26.6 215 194 188 145 970 108 137 170 214 241 26.1
8 25.1 232 203 164 128 103 107 149 170 216 220 26.38
9 24.9 232 195 162 134 106 9.60 149 157 223 232 2438
10 26.4 241 210 174 129 107 112 154 187 215 247 227
11 26.4 243 214 163 128 101 114 151 183 224 242 247
12 26.7 214 202 165 126 116 103 152 184 228 253 26.3
13 26.1 224 210 164 125 980 9.90 157 204 237 244 283
14 25.6 202 211 149 127 102 102 156 197 219 269 2538
15 25.7 197 219 167 129 105 116 156 193 232 238 252
16 26.6 203 219 157 122 105 124 143 197 236 225 270
17 25.1 239 193 154 115 112 121 144 192 225 213 283
18 25.1 222 207 162 111 106 107 140 197 230 215 26.0
19 22.1 218 209 152 124 950 122 146 200 218 255 271
20 28.4 228 205 154 124 990 124 139 199 236 242 2638
21 27.3 234 198 162 113 106 124 155 199 229 213 281
22 25.0 213 178 157 119 106 122 143 212 243 242 264
23 235 232 188 162 122 104 127 128 218 244 237 279
24 25.6 233 203 146 120 111 116 161 202 213 256 243
25 20.8 190 195 146 122 110 108 168 215 229 253 26.2
26 25.4 215 178 149 119 103 960 162 205 200 263 26.3
27 25.2 215 194 137 122 980 114 155 215 213 261 1938
28 27.2 255 179 131 117 106 117 153 216 269 265 26.2
29 26.8 183 185 151 114 112 136 149 221 255 257 283
30 27.4 158 149 115 970 133 140 237 213 260 26.1
31 22.8 18.7 11.0 128 159 22.6 28.4

Extracted from [12]

Searching for cloudy days in the same historical meteorological data period of this study, “Table 4”
shows the total number of mean cloudy days is 200 days annually which is 55% of the year, winter months (June,
July and August) has the largest share of cloudy days of (18, 21 & 19) days respectively, which is logical, however,
however, the surprise that still the other months have very near shares including summer months (December, Jan
and Feb) of (18, 15 & 20) days respectively. It can be easily derived from “Table 4” that cloudy days’ number in
Armidale is very considerable over the whole year.

Table 4 Mean number of cloudy days in Armidale NSW, Australia

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total
Mean Number of | 5| 5o | 14 | 15 | 17 | 18 |21 | 19 | 13 | 13 | 17 | 18 | 200
Cloudy Days

Applying the above methodology [14] for all the months in the database, considering the cloudy days in the Test
Reference Year for daily global solar radiation data was formed, “Table 4” shows the CTRY for Armidale,
apparently the blue highlighted is the cloudy days mean solar radiations.
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Table 5 Daily global solar radiation values (MJ/m?day) obtained from Cloudy Test Reference Year (CTRY) data
for Armidale NSW, Australia

Da

y Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 29.4 1.1 52 188 02 108 | 65 145 164 @25 223 29
2 3.9 1.6 28 189 126 @ 44 104 142 3 24 229 @ 91
3 27.2 7.1 76 178 139 41 112 136 161 193 15 108
4 7.5 3.1 7.2 19 5.6 4.8 10 27 175 42 1.4 257
5 7.4 39 198 0.7 12 10.9 12 133 158 212 18 254
6 23.2 71 213 73 147 @ 25 6.7 143 187 @ 05 104 64
7 26.6 45 194 188 145 25 108 @91 17 1.7 7.7 0.3
8 25.1 34 203 164 128 103 @29 2.4 3 216 = 87 2638
9 24.9 115 19 6.7 4.9 1.6 3.2 9.6 14 223 232 | 9.6
10 26.4 24.1 21 174 129 0.2 23 154 25 215 247 227
11 26.4 49 214 29 26 101 @27 3.6 28 224 242 @ 23
12 26.7 55 202 165 41 116 @ 28 152 51 228 7.6 2.4
13 26.1 2 21 7.9 1.6 3.2 9.9 5.2 22 237 38 111
14 5.4 6.1 126 149 127 @24 34 156 197 219 | 34 7.1
15 4.7 21 219 6.9 2.8 2.2 05 156 2 4 23.8 10
16 7.8 22 219 11 3.8 3.7 08 143 | 49 43 225 27
17 3.8 7.6 6.1 6.1 1.9 38 121 3 5 22.5 3 5.6
18 1.9 222 12 162 14 1.3 3.3 1.3 4.1 2.2 6.7 3.6
19 4 21 209 152 124 @ 35 15 146 29 4 255 27.1
20 28.4 228 205 154 124 99 4.3 3.6 19 236 27 2638
21 27.3 7 16 162 35 106 46 155 199 229 2 28.1
22 25 04 178 3.2 1.4 3.1 3.1 44 212 243 28 103
23 1.2 232 188 | 29 122 104 127 3 218 @ 45 3.7 279
24 25.6 233 203 146 @49 111 @59 5.4 1.9 19 256 243
25 6.2 3.3 81 146 25 11 2.8 6.6 215 229 10 3.6
26 6.7 21.5 4.5 4.9 1.7 2.9 0.5 4.2 20.5 4.5 0.3 1.4
27 25.2 215 8 4.4 2.4 9.8 0.9 25 215 213 261 44
28 27.2 255 4.9 29 11.7 = 3.9 2 2 216 269 265 26.2
29 1.6 183 185 6.1 2.9 25 24 4 221 255 257 283
30 2.5 35 33 115 17 133 76 237 23 26 10.7
31 6.8 18.7 11 12.8 1 22.6 28.4

V. DISCUSSION

For Comparison purpose, both “fig. 2” and “Table 6 were created, analysing both lead to clear fact that
considering cloudy days have dramatic inverse effect on the traditional totally dry TYR. In March, the CTYR
presents 69% of the totally dry TYR which is the largest share. On the other hand, the lowest share of 45% in
February of the average monthly solar radiation. Additionally the lowest cloudy average monthly solar radiation
is in June of 170.8 MJ/m? compared with 314.1 MJ/m? totally dry radiation in June also, while the highest cloudy
average monthly is in Jan of 492.1 MJ/m? compared with the 804.4 MJ/m? totally dry radiation in December.
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Average Monthly ITRY for Cloudy Days and Totally Dry Days
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Figure 2 Bar chart showing average monthly ITRY for Cloudy TYR and Totally Fry TYR

Table 6 Average Monthly global solar radiation values (MJ/m?) obtained from CTYR and Dry TYR data and
relevant percentages for Armidale

Month Cloudy Totally Dry Percentage
Jan 492.1 793.9 62%
Feb 288.9 646.9 45%
Mar 424.9 618.5 69%
Apr 318 487.3 65%
May 2255 385.7 58%
Jun 170.8 314.1 54%
Jul 178.3 352.4 51%
Aug 257.3 457.7 56%
Sep 357.7 577.8 62%
Oct 448.2 689.9 65%
Nov 396.5 719.6 55%
Dec 462.3 804.4 57%

VI. CONCLUSION

Typical solar radiation data is very important for calculations concerning many solar energy generation
systems and for building energy calculation modelling and analysis. In this study, test reference years for daily
global solar radiation for Armidale town NSW, Australia are generated using 23 years of the meteorologically
measured data considering mean number of cloudy days. The daily global solar radiation on a horizontal surface
for the region is presented throughout the year in a tabular form. Results show that considering cloudy days lead
to a reduction of totally dry TYR for Armidale ranges between (45% and 69%) monthly basis.

This would lead to a clear fact that considering totally dry days only while generating TYR is a great mislead to
any designer of solar applications in Armidale, especially for solar energy generation system and solar hot water
systems. Thus solar calculations must be based on the Cloudy Test Reference Year developed in this study at
“Table 5” in order to get realistic results.

The generated CTYR year would be a great useful reference for energy systems designers for any type of building
applications.
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