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ABSTRACT

This method deals with direct normal solar irradiance transient phenomena, characterizing
them statistically in the form of a bidimensional function, whose independent variables are
intervals of irradiance and lapses of time for which the same interval of direct normal
irradiance is maintained. Monthly and yearly tables have been made, showing the probability
of events which fulfils the requirement of being the value of the direct normal irradiance

-measured in intervals of 50 W/m?- maintained continously during a given lapse of time

-measured in multiple of 5 min intervals. Radiation data collected in Solar Platform of

Almeria (Spain) between June of 1987 and December of 1991 have been studied.

KEYWORDS
direct solar irradiance, transients
1 TRANSIENTS CHARACTERIZING PROCEDURE

This report presents a method to obtain a set of tables, derived from data collected in Solar
Platform of Almeria between June 1987 and December 1991, which contain suitable
information to characterize transients, as well as to directly apply such information to

different concentrating devices, in order to evaluate transient effects in their performances.
See References [1] and [2] for more details.

It is suggested presenting direct norma! irradiance solar data as a bidimensional function

"F(E,1)", made for daily, monthly, annual or any other periods. One of the independent
variables would be solar direct normal irradiance intervals, "E"; the other one would be lapse
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of time, "t", for which a certain interval of direct normal irradiance is kept;_f,i
CONTINUOUSLY. The dependent variable would be the probability "Pr" for the direct ';4

normial irradiance to be ALWAYS included within the (E, E + dE] interval, for the lapse of_"-'.'i,-j
time (t,t + dt]: 5

F(E,t) = Pr [E< X <E + dE, t< Y <t + dt].
This function permits determining transients importance, because gives the probability for fai

. S ' e e ; 2
direct normal irradiance to stay continuously within some prefixed limits, for a certain lapse

of time. In other words, the probability of not happening an irradiance alteration for a given *‘
period of time, or, which is equivalent, the direct normal irradiance to be stabilized, with no 3~‘$
transients.

Measures are considered from fifteen minutes before dawn till fifteen minutes after dark, both :

calculated according to the geometry Earth-Sun expresions and correcting them to include LA
refraction effects, everything by the above mentioned informatic procedures. Only the days \ :

total.

value for irradiance between 800 and 850 W/m?, for a lapse of time between 30 and 35 min,
It is also pointed out in the figure 1 with the letter A.

- o

2 CONVENTIONAL STATISTICS OBTENTION. NUMERICAL EXAMPLES.

What has been exposed till the moment, is going to be illustrated studying attached table,-'i'; i
which was obtained by a certain day, precisely 30 September 1991. See Table and Figure Il'.'.j;-

To know, for example, the average direct normal irradiance value for this day, it is sufﬁciet_it
adding each column of probabilities , each number multiplied times its corresponding lapse
of time, multiplying that sum times the considerated interval average direct normal 1rradlanoa,
adding that result for each column, and, finally, dividing by a quantity which can be
designed as DIVISOR and is calculated adding each row of probabilities, multiplying that sum
times the lapse of time for that row, and adding for all the rows. '

That is to say:



DIVISOR =

(5*%(9375+7812*2+6250*3+3125*2+1562*6) +10*(6250 +4687+3125+1562*8)+15*15
62+20%1562%2+25%1562+35%(3125+ 1562) +75*1562 +80*1562) = 1093550

<E> =
(25%(4687*10+1562*(20+25+80) +3125*35) +75%(7812*5+ 1562*10) + 125%(6250*5 + 15
62*10)+175*1562*(5+10) +225%9375*54+275%6250%(5+ 10) +325%(6250*5 + 1562*(10+
75))+375*(7812*5+1562*(10+15)) +425*1562*5+475*(3125*5+ 1562*10) +525*1562*
5+625“(312S"‘5+1562"‘10)+675“‘(1562“5+3l25*10)+725“‘1562"(5+IO)+775 1562*20
+825*1562*(5+35))/DIVISOR = 276.78 W/m?

The value obtained directly from data is <E> = 261.089 W/m?2. Thus, relative errors is
6%, which is equivalent to pyrheliometer error.

To know the percentage of the total time considered in the tables, all day long, for which the
direct normal irradiance has been over a certain value, there would be to add events in the
following way: rows of events from the column with the given value for direct normal
irradiance, multiplying each sum of the events of a row times the corresponding lapse of

time, adding for all those rows and dividing for the quantity which was designed above as
DIVISOR.

Thus, suppose it is necessary to know the percentage of the total time considered in the

tables, all day long, for which the direct normal irradiance has been over 700 W/m?. This
wouldbe:

%t=(5%1562*2+10*1562+20*1562+35*1562)/DIVISOR = 0.1071 = 10.71 %

As it is shown, the direct normal irradiance value has been over 700 W/m2 the 10.71 % of
the considered time, whereas that direct calculation from data gives a value of 10,43 %,
which represents a relative error of 2.7 %, less than refractive corrections of daytime.

3 APPLICATION TO DATA FROM SOLAR PLATFORM OF ALMERIA

Several kind of tables have been made with the data between June of 1987 and December of
1991. Thirteen of them have been included in this work, one for each month and the one
which embraces the total number of days for which radiation data was collected. See Tables

A-1 to A-13 in the Annex.
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Figure 1. Direct normal solar (beam) irradiance, in W/m’, as a function of official time, in hours, fef
September the 30th, 1991, in the Solar Platform of Almeria.
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From June 1987 to December 1991, there are 1675 days, and 266 of them have presented
problems in the radiation data collection informatic process, having been excluded of this
study. This means, as was stated above, that over 84 % of the days have been correctly
recorded in total. Nevertheless, it doesn’t means that collected values have been well
measured, for example pirheliometers sometimes seem to be out of focus.

Both, tables elaboration and the subsequent obtention of conventional statistics from them,
has taken place by means of informatic programmes written in ANSI C language, and run in
the C.I.C.A. (Centro para la Informética Cientifica en Andalucia), in OBELIX, a computer
CONVEX 240 whose operative system is CONVEX UNIX.

4 APPLICATION OF THE PROCEDURE TO THE HERMES PROJECT

Probability of continuous operating over 700 W/m? for a lapse of time over thirty minutes
is going to be estimated, taking the above mentioned tables. These were the threshold values
supplied by the P.S.A. with a view to the Hermes project. This probability has been
calculated with basis to data, dividing measured favourable events by measured daylight.

The calculations have been made using the tables obtained adding the tables of every day of
each month to give the table of the month, and adding the tables of the same month for all
the years to give the total table for each month. It is for these tables for which have been
obtained the probabilities in the way explained above for the other examples.

Table? is presented showing the different probabilities calculated for each month of the year
from June 1987 to December 1991 and for the tables obtained adding for a certain month of
every year.

According to the results reflected in the table, it is possible chosing the most appropiate
month for the Hermes project efficiency, which seems to be November, with a total
probability of 21.13 %.

The reader should bear in mind that all these data are conservatives, because problems such
as pyrheliometers out of focus are out of the scope of this report.
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more, probability, and time measured during daylight.

Table 2. For each month and year, gives measured time in hours which fulfils
conditions of having irradiance continuously over 700 W/w*2, for 30 min or
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Table A-1. Probability, in hundred thousandths,
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Based on 94 days over 113.
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Table A-3. Probability, in hundred thousandths, of events which fulfil the requirement of being the di
irradiarce included in the 50 W/m! interval whose upper limit is the value which heads the column, cont | russly
the lapse of time of 5 min  interval whose upper Llimit is the value which heads the rou, for the months of

on 106 days over 124.
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Table A-4. Probability, in hundred thousandths, of events which fulfil the requirement of being the direct normal
Irriasdiance included in the 50 W/w® interval whose upper limit is the value which heads the column, cmtimgy during
the lapse of time of 5 min interval whose upper Limit is the value which heads the row, for the months of April. Based

™ 98 days over 120
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Table A-5. Probebility, in hundred thousandths, of events which fulfil the requirement of being the

irradiance included in the 50 W/m®interval whose upper limit is the value which heads the column, contim
the lapse of time of 5 min interval whose upper limit is the value which heads the row, for the months
on 107 days over 124. i
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‘sie A-6. Probability, in hundred thousandths, of events which fulfil the requirement of being the direct normal
tradiance included in the 50 W/m?interval whose upper Limit is the value which heads the column, continuously during

" lagme of time of 5 min interval whose upper limit is the value which heads the row, for the months of June. Basec
- 118 days over 150.
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Table A-7. Probability, in hundred thousandths, of events which fulfil the requirement of being the direst
irradiance included in the 50 U/m®interval whose upper limit is the value which heads the column, contii

the lapse of time of 5 min interval whose upper limit is the value which heads the row, for the months of .

on 123 days over 155. ak
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Table A-8. Probability, in hundred thousandths, of events which fulfil the reguir i i =
J = v ty. i . bl equirement of ng

irradiance included in the 50 W/m®interval whose upper limit is the value which heads the :ullt:: cc:::‘clr::.;i; (tn.jlt"lr\sn
the lapse of time of 5 min interval whose r Limit is the value which heads th i
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Table A-9. Probability, in hundred thousandths, of events which fulfil the requirement of being the
irradiance included in the 50 W/m'interval whose upper Limit is the value which heads the column, conti
the lapse of time of 5 min interval whose upper Limit is the value which heads the row, for the months
Based on 123 days over 150.
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'able A-10. Probability, in hundred thousandths, of events which fulfil che requirement of being the direct normal
‘rradiance included in the 50 W/m’ interval whose upper limit is the value which heads the colusn, continuously during
the lapse of tiee of 5 min interval whose upper Limit is the value which heads the rod, for the months of October. Based
o 142 days over 155.
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Table A-11. Probability, in hundred thousandths, of events which fulfil the requirement of being the
irradiance included in the 50 W/e’ interval whose upper limit is the value which heads the column, cont

the lapse of time of 5 min interval whose upper limit is the value which heads the row, for the monthe f
Based on 141 days over 150. rif
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lablle A-12. Probability, in hundred thousandths, of events which fulfil the requirement of being the direct normal
irradiance included in the 50 W/m'interval whose upper limit is the value which heads the column, continuously during

the lapse of time of 5 min interval whose upper limit is the value which heads the row, for the months of December.
Haned on 132 days over 155.
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Table A-13. Probability, in hundred thousandths, of events which fulfil the requirement of being the
irradiance included in the 50 W/m'interval whose upper limit is the value which heads the column, cont
the lapse of time of 5 min interval whose upper limit is the value which heads the row, for the whole
Based on 1409 days over 1675. (Continues in the next page)
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8:50 1 i % ; 5

9:20

9:25 * = > . . o

9:50 1 % - . . . .
10:15 1

10:30 1

10:45 1

Table A-13 (cont.) = a
Sty A =) Probability, in hundred thousandths, of events which fulfil the requirement of being the direct
ﬂ;r“ﬁ-; ;;:ﬂrlﬂ'\te ;rb:ll.nieﬁf|2 the 50 W/m! interval uhoselq:pef limit is the value which heads the column, cmtiulu.r::y
. apse of time o min interval whose r limit is the value which heads th
Briod. 8 i 2ot uppe e row, for the whole measured
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