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racteristics are general to these methods: most of them are derived from North -American radiation data; solar radiation on tilted planes is computed through the usual and so-called "isotropic" assumption for diffuse sky radiation.

It is now possible to question both assumptions, as radiation data have become available for other climates <e.g. Europe and Africa) and for tilted planes.

Objectives of the present study were, first, to apply the selected Util izabi-1 ity methods to some sample of representative meteorological stations and, se cond, to compare results with values directly obtained by analyzing hourly fi les of measured solar radiation, on a horizontal plane and on tilted planes.

UTILIZA BILITY AND AVAILABLE ENERGY

Solar system design can be done by simplified methods which need, as input for the calculation of solar fraction, the long-term energy delivery of the system at different thresholds. These computations are based on the concept of 1 "Utilizability" defined as

JJ <Jc)= J <I -le)+ . dt I nHT b.t
The Util izabil ity JJ Cle> is the fraction of solar radiation nHT incident upon a collector's aperture during a certain period fit (month or year), that 1 ies above the specific threshold irradiance le. The product JJ • nHT is sometimes called the "available solar energy above the threshold le" <for the oeriod). UTI LI ZABI LITY CALCULATION METHODS tJarious methods have been pub1 i�hed for uti 1 izabi ii ty computation and reviewed recently [START_REF] Klein | Review of solar radiation utilizability[END_REF]. Six of these methods have been considered in the present worK Gordon and Zarmi's method ( 5) is an analytical approach to the Utilizabilit1 concept, with the semi-empirical form for flate-plate coll ector

.3 <le)= (1 -le/ l11Ax) l/V with 1/v = l11•x.
to /H r and to is the time between sunrise and sunset.

In method [START_REF] Bourges | Statistical distribution of solar radiation: cumulative frequency curves. Preparation of a european data set[END_REF], "util izabil it1" is derived from Cumulative Frequency Curves <CFC) of solar irradiance incident on the collector. CFC's are defined as cur ves giving the time nH <mean dai'Y number of hours) during which the solar ra diation is above some threshold le. 1.

Three to seven years of solar global radiation measured hourly values have been co11ected for horizontal planes or south-oriented tilted planes (without ground-reflected diffuse radiation). offer a satisfactory accuracy, although with some systematic overestimate <within 10/. at low thresholds). Methods <3,5) show larger errors.

RESULTS FOR TILTED PLANES

Two types of comparison have been made: first, using only as input the mean monthly irradiation on a horizontal surface; the mean monthly irradiation on the tilted plane is computed by [START_REF] Klein | An algorithm for calculating monthly average radiation on inclined surface[END_REF], except for method (1). Second, the right value on the tilted plane is introduced, except for <1>. Bourges method [START_REF] Bourges | Statistical distribution of solar radiation: cumulative frequency curves. Preparation of a european data set[END_REF] has not been tested.

In the first case, errors are important, due to a systematical underestimation ( 1. For low thresholds values (Jc = 200 W.m-2), errors are within 25% for method /2/, within 30/. for /1/. All other methods show errors within 50% or larger, particularly for vertical planes <Table 5), When the correct averac:ie irradiation value is introduced, results are better (Tab. 5): e.g. for /2/ the mean bias error for all thresholds is reduced by 6 to 11 %, but monthly errors for a given threshold <Ic=200) are still important (10% at 45'; 20�� to 25% for vert, surfaces), Methods (3-5) cannot be applied for vert. planes. Method (5) seems to be more reliable for sunny climates.

CONCLUSIONS

As a general result, all methods have significant errors when the mean monthly irradiation value on the considered plane is not Known: within 30% for reaso nably low thresholds, with systematical underestimation for methods / 

Fig. 1 :

 1 Fig. 1: Available energy H.Hr <MJ/m2/day) above threshold irradiance Ic.

  monthly irradiation (3 to 17%, the .biggest in winter, see Tab. 4).

  U-6). \he first four methods only need as climatological input the mean dai lY global radiation value on a horizontal plane, HH, and on the collector plane, Hr \Th i s 1 as t v a 1 u e may be a 1 so computed fr om H H w i th method ( 8) , i f i t i s not

	K :•.•n), They have been derived as fits to North-American data vs the "clear
	ness index" Kr = HH/Ho which is the parameter used to indicate the dependence
	of .3 with climate. The two last methods require an additionna1 parameter IMAX•
	maximal irradiance on the considered plane.
	Col1ares-Pereira/Rabl method (1) includes in the same step computations of JJ
	and Hr from HH; it is also suitable for concentrating collectors. ClarK's me
	thod (2) is the onlY hourly-based util izabil ity method. Evans method (3) oro
	poses three different correlations cf B suitable for flat-plate solar collec
	tors: only one of them is reported here, after transformation into function of
	le and Kr' <related to Kr)
	.3 = 1 -1. 07.10-3,J.:/Kr' + 3.02.1Q-7, (J(/Kr')2

Table 1 :

 1 Solar Radiation Data t:sed in the Present AnalysisThe considered quantity is not Util izabil ity, but the monthly available energy above given thresholds, H.Hr. That makes possible the comparison of methods for which precise definition of "util izabil ity• is not exactly homogeneous <1-2) with the others. Available energy above various critical intensities is computed, first from these original measured data for thresholds le = 0 , 100, 200 to 600 W/m2 and, secondly, using various util izabil ity methods <only ta King, as an input, the mean monthly sum of global irradiation on a horizontal plane and, if available, on the tilted plane). For a given location, plane and period <one month or the whole year) different comparison criteria have been selected : Mean bias error (all thresholds) and Root mean square error <RMSE) <or Standard-deviation of errors) <all thresholds), Both these parameters are given as relative values <divided by the mean available energy for all thres holds �rom O, 100 to 600 W.m-2), The relative error on the available energy is also given for one specific threshold <200 W.m-2),

	Station	Country	Ti 1 t Latitude Longitude Altitude	Period
	Nice	France	o•	43. ?'N	7.2'E	10 m	1970-75
	Mi 1 lau	France	o•	44.l"N	3.0•E	720 m	1970-75
	Carpen tr as	France	o•	44.1 'N	S .1 "E	99 m	1970-75
			45'-90"				1979-81
	Lisboa	Portugal	o•	38.7'N	9.1 'W	77 m	1975-77
	Trappes	France	o•	48.B"N	2.0"E	167 m	1970-75
			45' -90"				1979-81
	Kil Kenny	Ireland	o•	52.7'N	7.3"W	64 m	1969-75
	Maputo	Mozambique	o•	25.9' 5	32.6'E	44 m	1965-69

RESULTS FOR HORIZONTAL PLANES

Results are ouite homogeneous within each group. Four methods <1,2,4,6) give very satisfactory results in group 1 <Southern Europe): Mean yearly bias error for all thresholds within 2/.; relative errors for monthly available energy wi thin 3 to 8�� at low thresholds <Tables 2-3>; largest errors in winter. Algori thms (3) and (

5

) show important discrepancies <10 to 20/. in average; large er rors in winter, up to 30/. for (3)), For the third group <Maputo>, all methods seem acceptable <with the exception of <3> in winter>, but with systematic un derestimate. For group 2 <characterized by more cloudy conditions and small values of clearness index KT), method

[START_REF] Bourges | Statistical distribution of solar radiation: cumulative frequency curves. Preparation of a european data set[END_REF] 

gives good results; methods <1-2)

Table 2 :

 2 Computation of Available Solar Energy above Threshold RadiationIntensities from 0 to 600 W. m-2 <Horizontal plane) using different methods. This table gives, for each method, the mean relative bias error and the monthly root mean square error <between brackets) <in /. of the average

	Available Energy),				
	Station	Col .Per	Clark	Evans	Klein
		111	121	/3/	141
	Nice	-1. 6	0. 9	8. 4	1.1
		(2. 3)	(2.6)	(6.8)	(2. 7)
	Mi 1 iau	-1. 8	0.2	5. 6	1. 2
		(2. 4)	( 1. 7)	(6.5)	<2. 7)
	Carpentras	-1. 9	0.5	8. 4	0.5
		(2.3)	( !. 6)	(6.6)	(2.6)
	Lisboa	-0. 3	2.2	8. 6	1. 9
		( 1. 7)	(2.5)	(7. 2)	<2. 0)
	Trappes	3.3	4.3	7. 2	6. 9
		(6.5)	(4. 3)	(7. 0)	(6.6)
	Kil Kenny	4. 2	4. 5	10. 6	7. 2
		(6.1)	(4. 7)	(9.5)	<7. 3)
	Maputo	-4.8	-2 .1	1. 7	-2.5
		(2.8)	(2.8)	<7.3)	(2.8)

Table 3 :

 3 

						Gordon Bourges
						/5/	/6/
						-5.5	-0. 9
						(5.2)	( 1. 8)
						-6.2	-0.8
						(5.2)	( 1.3)
						-5. 1	-0. 2
						(5.0)	( !. 9)
						-2.8	1. 7
						(2.6)	( 1. 7)
						-6.0	0.3
						(6.2)
	Station	Period	111	121	/3/	141
	Nice	Year	-2. 3	-0. 1	7.3	0. 6
		June	-1. 9	-!. 3	3. 7	0. 9
		Dec.	-7.7	-3.1	32.1	-4. 7
	KilKenny	Year	1. 3	5. 7	15. 1	8.4
		June	1. 3	3.9	10.6	7. 7
	Maputo	Year	-5. 8	-3. 7	-0. 3	-3.0
		June	-6. 9	-5.0	9.0	-6.2
		Dec.	-4. 6	-3. 3	-3. 4	-1. 4

Relative errors (/.) on the computed value of the threshold irradiance I c 200 W.m-2.

Table 5 :

 5 Relative errors <�O on the computed value of available energy above the threshold irradiance le = 200 W.m-2 on tilted planes, according to the type of input data: HH <monthly average of daily global irradiation on a horizontal plane) or Hr <idem on tilted plane).

		Trappes	45'	-7.2	-2.9	-6.0	-8. 4	-6. 5	-2.4	-4.8	-8.5
	Trappes	90'	-9. 5	-7.8	-3.9	-7. 7	-7. 4	-1. 4	-2.6 --7 .9-
		Carpent. 45'	-8.9	-5.6	-7.9 -14. 6	-8.2	-4. 9	-7.0 -14.3
		Carpent. 90' -12.7 -13.9	-7.3 -16. 9	-10. 8	-6.8	-6. 2 -16.6
	Station Tilt Period	Input data: /1/ /V	/3/	/4/	HH /5/	Inout data: /2/ /3/	/4/	Hr /5/
	Tl"appes	45'	Year	-10.4	-8.6	-2.4 -13.2 -11.5	-2. 4	4. 3	-7.3	-5. 5
				June	4.6	6.3	12.7	6. 3	10. 0	8. 9	15. 5	9.0	12.8
			Dec.	-0.4	-5.2	-6. 8 -34.6 -49.2	3.5	1.9 -28.5 -45.4
	Trappes Caroent. 45' 90' Carpent. 90'	Year June Dec. Year June Dec. Year	-17. 3 -20.6 10.3 8.4 -0.5 -15.8 -13.8 -12 .1 -6. 3 -6.5 -25.4 -20.5 -17. 8 -26.5 -20.7 5 .1 -31 .8 -20.5 78.3 11.4 59.7 -4.3 -49.0 -58.0 -6.3 -15.1 -8.5 o.9 -10. 0 1.2 -23.0 -20.9 2. 0 -30.6 -9.1	-13.9 9.9 -8.6 -4. 4 -1. 6 -7.2 -10.8 -14.5 -21.6 13.9 -26.3 -13. 8 80.7 13.0 62.0 3. 8 -44.6 -54. 7 1.9 -7.6 -0.5 6 .1 -6.2 6. 4 -4 .1 -14.3 -7.5 2.2
				June	-22. 9 -15.1	59. 7 -46.4	53.2	-8.9	71 .3 -42.5	64.3
				Dec.	-29.8 -25. 3 -18.4 -32. 7 -25.3	-10.4	-2.3 -19. 3 -10. 4

1/ and 121; still larger for other methods. When this value is Known, available ener gy may be computed on a more accurate way, but nonnegl igible errors still re main <within 20��. with the most general, and also the most complicate, method /2/). Method (3) (developped for inclined surfaces with ti 1 t angle close to some optimum) and methods (4) and (
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) are acceptable for tilt-angles close to