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Description rapide

Le dossier de calcul ci joint a pour objet de dimensionner une installation  photovoltaïque.  

· La page "Accueil" regroupe les entrées et sorties courantes en  quatre plages

· Hauteur d'ombrage tous les 5° d'azimut; 

· Affichage du nombre d'heure de soleil "normal" (perpendiculaire aux panneaux) par jour  avec ou sans ombrage à partir des données concernant le site (latitude, longitude, altitude, ombrage), les panneaux (orientation, pente, puissance), la date;

· Calcul et affichage de la puissance nécessaire de panneaux, régulateur, batteries, onduleurs et une estimation des coûts, à partir des résultats précédents;

· Une estimation des coûts est possible à partir des puissances précédemment calculées et des prix de matériel disponibles obtenus en général sur Internet.   La liste des matériels correspond à une installation isolée.  Une installation de production d'électricité pour la vente à EDF n'aura pas besoin de chargeur ou onduleur-chargeur et de batterie

· La page "Consommation" permet de saisir le matériel à faire fonctionner

· La page "Ksol" st le coeur du dispositif et calcule pour une journée particulière et de demi-heure en demi-heure:

· L'azimut du soleil et son élévation toutes les demi-heures selon les formules de l'École des Mines de Paris, résultats confirmés par les algorithmes de la SOAA (Afrique du Sud), de RESTCREEN (Canada) et de la NOAA (États-Unis);

· Le coefficient de réduction d'efficacité du soleil, également toutes les demi-heures;

· Le coefficient de réduction combiné aux effets d'ombrage;

· La totalisation de ces coefficients donne pour la journée les coefficients d""équivalent soleil normal" sans et avec l'ombrage.

· La page "evolution des coefficients" dans l'année reprend (copie manuelle) les résultats de la page Accueil pour diverses pente des panneaux et pour chaque décade de l'année.   Le total pour chaque pente permet de choisir la meilleure pente:

· Pour une habitation il faudra prendre la meilleure pente au solstice d'hiver;

· Pour une vente à EDF, il faudra choisir le plus fort total annuel de coefficients

Le report des coefficients est pour l'instant manuel.   Un petit programme en visual basic est en cours de développement

· La dernière page est une liste de matériels avdc leur type, puissance et prix,

Position du soleil

Ci dessous la description du calcul de la position du soleil utilisé dans la feuille "Ksol" à partir d'un programme en C+ publié par l'École des Mines de Paris.    Le calcul comporte    *** étapes:    Pour chaque temps (de demi-heure en demi-heure) le calcul figure dans une colonne du tableur notée *   Les cases appelées sont notées *ligne00

Les noms des variables du programme C sont notées en gras, les variables de contrôle ont été supprimées

Calcul de l'Angle horaire (Omega)

Heure = 0 à midi local.  On utilise exclusivement les heures  solaires locales en notation décimale.   Pour la transformation en heures légales y compris les passages heure d'été - heure d'hiver, voir les algorithmes "Heure-Locale/légale" chez l'auteur.

	Ecole des Mines
	Tableur

	/* The procedure "solar_hour_angle" supplies the solar hour angle (in radians).

   By convention the hour angle is negative before noon and positive after noon

   Returns 0 if OK, 1 otherwise. */

/* Source : */

/* Inputs :

    t : solar time i.e. LAT (0..24 decimal hours) */

/* Outputs :

    omega : solar hour angle (in radians) */

int solar_hour_angle(t,omega)

double t,*omega;

{ if((t >= 0.0) && (t <= 24.0)) { *omega = (t - 12.0) * Pi / 12.0;   }}
	Omega [*ligne26]= (t[*ligne9]-12)*PI()/12   en grades


Jour de l'année

	Ecole des mines
	Tableur

	/* The procedure "make_julian_day" converts a day given in day, month and year 

   into a julian day. Returns 0 if OK, 1 otherwise. */ 

/* Source : */

/* Inputs :

   day_of_month : day of the month (1..31)

   month_number : month number (1..12)

   year_number  : year number (4 digits) */

/* Outputs :

   julian_day : integer day number or julian day (1..366)    */

int make_julian_day (day_of_month,month_number,year_number,julian_day)

int day_of_month,month_number,year_number,*julian_day;

{  static int tab[12]={0,31,59,90,120,151,181,212,243,273,304,334}; 

 int julien;

julien = day_of_month + tab[month_number-1];

   if( ( ( ((year_number%4) == 0)  && ((year_number%100) != 0) )

               ||   ((year_number%400) == 0) ) && (month_number > 2) )  /* leap year */ 

     julien = julien + 1;

   *julian_day = julien; }
	julian_day [*ligne24 ou julien  ou julian_day] 
= jourdumois  +CHOISIR(numerodumois;0;31;59;90;120;151;181;212;243;273;304;334)

+si(mois>2;(SI(MOD(annee;4)=0;SI(MOD(annee;100)=0;SI(MOD(annee;400)=0;1;0);1);0));0)
avec


jourdumois
= jour
=accueil!F26
day_of_month
n° dumois  
= mois 
=accueil!F25
Month_number

année

= accueil!F24

year_number

la dernière ligne introduit le jour supplémentaire des années bissextiles


Déclinaison du soleil (delta)

la déclinaison est l'ange du soleil sur le plan de l'équateur: 0 aux équinoxes, +/- 23°44 aux solstces d'été et d'hiver.

	Ecole des mines
	Tableur

	/* The procedure "declination_sun" computes the solar declination at noon in    solar time (in radians). A single (average) value per day -at noon- is adequate for pratical calculations. The noon declination depends on  longitude, as noon occurs earlier if longitude is East of Greenwich, and   later if it is West. The chosen algorithm uses 1957 as base year; it is 

   basically a truncated Fourier series with six harmonics. Returns 0 if OK, 1  otherwise. */

/* Sources : 

   Bourges, B., 1985. Improvement in solar declination computation. Solar 

   Energy, 35 (4), 367-369. 

   Carvalho, M.J. and Bourges, B., 1986. Program Eufrad 2.0 - User's Guide. 

   Project EUFRAT final scientific report, Contract EN3S-0111-F, Solar Energy 

   and Development in the European Community, pp. 12.1-12.74.

   Duffie, J.A. and Beckman, W.A., 1980. Solar Engineering of Thermal 

   Processes. Wiley-Interscience, New York. */

/* Inputs :

   year_number : year number (4 digits)

   julian_day  : integer day number or julian day (1..366)

   lambda      : longitude (in radians, positive to East) */

/* Outputs :

   delta : solar declination angle at noon (in radians) */

int declination_sun(year_number,julian_day,lambda,delta)

int year_number,julian_day;

double lambda,*delta;

{

 double b1,b2,b3,b4,b5,b6,b7;

 double w0,n0,t1,wt;

 b1 =  0.0064979;

 b2 =  0.4059059;

 b3 =  0.0020054;

 b4 = -0.0029880;

 b5 = -0.0132296;

 b6 =  0.0063809;

 b7 =  0.0003508;

  /* n0 : spring-equinox time expressed in days from the beginning of the year 

    i.e. the time in decimal days elapsing from 00:00 hours Jan 1st to the 

    spring equinox at Greenwich in a given year */

 /* t1 : time in days, from the spring equinox */

 /* 0.5 represents the decimal day number at noon on Jan 1st at Greenwich */

 n0 = 78.8946 + 0.2422*(year_number-1957) - (int)(0.25*(year_number-1957));

 t1 = - 0.5 - lambda / (2 * Pi) - n0;

 w0 = 2 * Pi / 365.2422;

 if( (julian_day > 0) && (julian_day <= 366) )

  {  wt = w0 * (julian_day + t1), }

 *delta = b1 + b2 * sin(wt) + b3 * sin(2 * wt) + b4 * sin(3 * wt) 

             + b5 * cos(wt) + b6 * cos(2 * wt) + b7 * cos(3 * wt);}
	year_nimber 
= année = 

Julian_day
= 

Lambda (longitude en radians)

delta  = déclinaison = ligne22 = 

wt=(2*PI/365.2422)*(Julian_Day+(-0.5-longitude/(2*PI)-(78.8946+0.2411*(annee-1957)-ENT(0.25*(annee-1957)))))

delta = 0.0064979 +0.4059059*SIN(WT) +0.0020054*SIN(2*WT) -0.002988*SIN(3*WT)                              -0.0132296*COS(WT) +0.0063809*COS(2*WT) +0.0003508*COS(3*WT)


Altitude (élévation) GAMMA, ligne 18

	Ecole des Mines
	Tableur (ligne 18)

	/* The procedure "elevation_zenith_sun" computes the solar elevation (or 

   altitude) angle and the solar zenithal (or incidence) angle. These two 

   angles are complementary. Returns 0 if OK, 1 otherwise. */

/* Source : */

/* Inputs :

   phi_g : latitude of site (in radians, positive to North)

   delta : solar declination angle (in radians)

   omega : solar hour angle (in radians) */

/* Outputs :

   gamma : solar altitude angle (in radians)

   theta : solar zenithal angle (in radians) */

int elevation_zenith_sun(phi_g,delta,omega,gamma,theta)

double phi_g,delta,omega,*gamma,*theta;

{

 int ier;

 double omega_sr,omega_ss;

 double phi;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 if((omega < omega_sr) || (omega > omega_ss))

   *gamma = 0.0;

 else

   *gamma = asin( sin(phi) * sin(delta) + cos(phi) * cos(delta) * cos(omega) );

 if(*gamma < 0.0)

   *gamma = 0.0;

 *theta = (Pi / 2.0) - *gamma;

 return(ier);

}
	Gamma = MAX(0;ASIN(SIN(Phi)*SIN(delta) + COS(Phi)*COS(delta)*COS(omega)))

avec Phi (latitude géocentrique) =  SI(latitude>= -(3.151592654/2-0.002) ;SI(latitude<=(3.151592654/2-0.002) ;ATAN(0.99330552*TAN(latitude)) ;latitude) ;latitude)




Azimuth (Alpha)

	Ecole des Mines
	Tableur  ligne 15

	/* The procedure "azimuth_sun" computes the solar azimuth angle in the Northern

   hemisphere. The azimuth angle has a positive value when the sun is to the 

   west of South, i.e. during the afternoon in solar time. For the Southern 

   hemisphere, the azimuth angle is measured from North. Returns 0 if OK, 1 

   otherwise. */

/* Source : */

/* Inputs :

   phi_g : latitude of site (in radians, positive to North)

   delta : solar declination angle (in radians)

   omega : solar hour angle (in radians)

   gamma : solar altitude angle (in radians) */

/* Outputs :

   alpha : solar azimuthal angle (in radians) */

int azimuth_sun(phi_g,delta,omega,gamma,alpha)

double phi_g,delta,omega,gamma,*alpha;

{

 int ier;

 double cos_as,sin_as,x;

 double phi;

 ier = 0;

 phi=geogr_to_geoce(phi_g);

 cos_as = (sin(phi) * sin(gamma) - sin(delta)) / (cos(phi) * cos(gamma));

 if(phi < 0.0) cos_as = -cos_as;   /* Southern hemisphere */

 sin_as = cos(delta) * sin(omega) / cos(gamma);

 x = acos(cos_as);

 if(fabs(x) > Pi) ier = 1;

 if(sin_as >= 0.0)

   *alpha =  x;

 else

   *alpha = -x;

 return(ier);

}


	Alpha = SI(GAMMA = 0;3.151592654 ;(ACOS(ARRONDI((SIGNE(Phi)*(SIN(Phi)*SIN(GAMMA) -SIN(DELTA))/(COS(Phi)*COS(GAMMA))) ;9)))*SIGNE(COS(DELTA)*SIN(G26) / COS(GAMMA)))




Coefficient solaire

Ce coefficient dépend de la position du soleil (voir ci-desus), de la position des panneaux et de l'ombrage sur les panneaux.

Coefficient solqire 

Tableur (ligne 11)

Ksol=Si(SoleilVisible=1;MAX((SIN(GAMMAELEVATIONSOLEIL)*SIN(ElevationNormalePanneau)+COS(GAMMAELEVATIONSOLEIL)*COS(ElevationNormalePanneau)*COS(OrientationPanneauPrpSud-H15));0);0)

SoleilVisible = 1 si son élévation > 0, sinon 0

Le soleil est ici confondu avec son centre.

Coefficient avec ombre

Il est nul si le panneau, considéré comme poncuel,  est à l'ombre.    Ce calcul est effectué sur les lignes 30 à 66 à partir des données  de la plage 0 de la feuille "accueil"

Position du soleil

Programmes disponibles:

· SAAO (South African Astronomic Organization)

· NOAA (National Oceanic and athmospheric Administration)

· RETSCREEN (organisme Canadien de gestion de projet d'énergies propres)

· Ecole des Mines:   logiciel de prévision de l'énergie reçue sur un panneau solaire.  Listing  ci-dessous

Ecoles des Mines de Paris

/*-------------------------------------------------------------------------*/

/*                        ECOLE DES MINES DE PARIS                         */

/*        CENTRE D'ENERGETIQUE - GROUPE TELEDETECTION & MODELISATION       */

/*                       Rue Claude Daunesse, BP 207                       */

/*                   06904 Sophia Antipolis cedex, FRANCE                  */

/*          Tel (+33) 04 93 95 74 49     Fax (+33) 04 93 95 75 35          */

/*                       E-mail : (name)@cenerg.cma.fr                     */

/*-------------------------------------------------------------------------*/

/*   L. Wald - O. Bauer - February 1997                                    */

/*   modified 8 July 2004 L. Wald for geocentric - geographic lat          */

/*-------------------------------------------------------------------------*/

#include <math.h>

#define Pi  3.141592654

#define I0  1367.0  /* solar constant in W/m2 */

#define Dl  24.0 /* average value for the length of the day in decimal hours */

/*************/

/* NOTATIONS */

/*************/

/* phi_g  : geographic latitude of the site, positive to North */

/* phi    : geocentric latitude of the site, positive to North */

/* lambda : longitude of the site, positive to East */

/* delta  : solar declination angle */

/* omega  : solar hour angle */

/* gamma  : solar altitude (or elevation) angle */

/* theta  : solar incidence (or zenithal) angle (ESRA --> zeta) */

/* alpha  : solar azimuthal angle (or psi) */

/* t   : solar time = true solar time (TST) = local apparent time (LAT) */

/* LAT : local apparent time or solar time or true solar time (TST)

   --> this system of time offers the advantage of symmetry of the solar 

   geometry about the north-south line */

/* LMT : local mean time or clock time */

/* UT  : Universal Time, is GMT measured from Greenwich mean midnight */

/* omega_sr : sunrise hour angle */

/* omega_ss : sunset hour angle */

/* t_sr     : time of astronomical sunrise */

/* t_ss     : time of astronomical sunset */

/* omega1 : solar hour angle at beginning of the time period */

/* omega2 : solar hour angle at end of the time period */

/* S0  : astronomical daylength or astronomical sunshine duration */

/* I0  : solar constant = annual mean value of extraterrestrial direct solar 

   irradiance G0 (1367.0 W/m2) */

/* G0  : extraterrestrial global solar irradiation (on an horizontal plane)

   =B0*/

/* G0h : hourly extraterrestrial solar irradiation (on an horizontal plane) */

/* G0d : daily extraterrestrial solar irradiation (on an horizontal plane) */

/* NB : All angles are computed in radians as a standard.

        The basic trigonometric calculations on the position of the sun are 


carried out in LAT. */

/*********************************************/

/*                                           */

/* G E O M E T R Y  O F  S O L A R  B E A M, */

/*                                           */

/* A  N E A R  P O I N T  S O U R C E        */

/*                                           */

/*********************************************/

/********************/

/* BASIC PARAMETERS */

/********************/

int make_julian_day(day_of_month,month_number,year_number,julian_day)

int day_of_month,month_number,year_number,*julian_day;

/* Source : */

/* Inputs :

   day_of_month : day of the month (1..31)

   month_number : month number (1..12)

   year_number  : year number (4 digits) */

/* Outputs :

   julian_day : integer day number or julian day (1..366)

   */

/* The procedure "make_julian_day" converts a day given in day, month and year 

   into a julian day. Returns 0 if OK, 1 otherwise. */ 

{

 static int tab[12]={0,31,59,90,120,151,181,212,243,273,304,334};

 int ier,julien;

 ier = 1;

 if( (day_of_month > 0) && (day_of_month < 32) && (month_number > 0) && 

     (month_number < 13) && (year_number > 0) )  

  {

   ier = 0;

   julien = day_of_month + tab[month_number-1];

   if( ( ( ((year_number%4) == 0) && ((year_number%100) != 0) ) || 


 ((year_number%400) == 0) ) && (month_number > 2) )  /* leap year */ 

     julien = julien + 1;

   *julian_day = julien;

  }

 return(ier);

}

int julian_to_date(year_number,julian_day,day_of_month,month_number)

int year_number,julian_day,*day_of_month,*month_number;

/* Source : MA in /u2/tm/src/srcgeo/julian_lib/ */

/* Inputs :

   year_number : year number (4 digits)

   julian_day  : integer day number or julian day (1..366)

   */

/* Outputs :

   day_of_month : day of the month (1..31)

   month_number : month number (1..12) */

/* The procedure "julian_to_date" does the reverse operation of the procedure 

   "make_julian_day" i.e. computes the month number and the respective day of 

   month from the information on year and integer day number. Returns 0 if OK,

   1 otherwise. */

{

 int tab[12]={0,31,59,90,120,151,181,212,243,273,304,334};

 int ier,m,jmax=365;

 ier = 1;

 if( ( ((year_number%4) == 0) && ((year_number%100) != 0) ) || 

     ((year_number%400) == 0) )  /* leap year */ 

  {

   jmax = jmax + 1;

   for(m=0;m<12;m++)

    {

     if(m > 1) tab[m] = tab[m] + 1;

    }

  }

 if( (julian_day > 0) && (julian_day <= jmax) && (year_number > 0) )

  {

   ier = 0;

   for(m=0;m<12;m++)

    {

     if( (julian_day > tab[m]) && (julian_day <= tab[m+1]) )

      {

       *month_number = m + 1;

       *day_of_month = julian_day - tab[m];

       break;

      }

     else

      if(julian_day > tab[11])

       {


*month_number = 12;


*day_of_month = julian_day - tab[11];


break;

       }

    }

  }

 return(ier);

}

int nbdays_month(year_number,month_number,number_days_month)

int year_number,month_number,*number_days_month;

/* Source : */

/* Inputs :

   year_number  : year number (4 digits)

   month_number : month number (1..12) */

/* Outputs :

   number_days_month : number of days in a month */

/* The procedure "nbdays_month" gives the number of days in a month, useful for

   monthly calculations. Returns 0 if OK, 1 otherwise. */

{

 int tab_nbdays[12]={31,28,31,30,31,30,31,31,30,31,30,31};

 int ier;

 ier = 1;

 if( (year_number > 0) && (month_number > 0) && (month_number < 13) )

  {

   ier = 0;

   *number_days_month = tab_nbdays[month_number-1];

   if( ( ( ((year_number%4) == 0) && ((year_number%100) != 0) ) || 


 ((year_number%400) == 0) ) && (month_number == 2) )  /* leap year */ 

     *number_days_month = *number_days_month + 1;

  }

 return(ier);

}

int number_to_name_month(month_number,month_name)

int month_number;

char month_name[4];

/* Source : */

/* Inputs :

   month_number : month number (1..12)

   month_name   : name of month (3 characters only, jan..dec) */

/* Outputs :

   month_name : name of the month abbreviated with 3 characters (jan..dec) */

/* The procedure "number_to_name_month" converts the month number into the 

   corresponding month name. Returns 0 if OK, 1 otherwise. */ 

{

 static char tab_name[][4]={"   ","jan","feb","mar","apr","may","jun","jul","aug","sep","oct","nov","dec"};

 int ier;

 ier = 1;

 if( (month_number > 0) && (month_number < 13) )

  {

   ier = 0;

   sprintf(month_name,"%s",tab_name[month_number]);

  }

 return(ier);

}

int Day_Angle(julian_day,day_angle)

int julian_day;

double *day_angle;

/* Source : */

/* Inputs :

   julian_day : integer day number or julian day (1..366) */

/* Outputs :

   day_angle : day angle (in radians) */

/* The procedure "Day_Angle" expresses the integer day number as an angle (in

   radians) from 12:00 hours on the day 31st December. A year length of 

   365.2422 days is used. Returns 0 if OK, 1 otherwise. */ 

{

 int ier;

 ier = 1;

 if( (julian_day > 0) && (julian_day <= 366) )

  {

   ier = 0;

   *day_angle = (double)julian_day * 2.0 * Pi / 365.2422;

  }

 return(ier);

}

int declination_sun(year_number,julian_day,lambda,delta)

int year_number,julian_day;

double lambda,*delta;

/* Sources : 

   Bourges, B., 1985. Improvement in solar declination computation. Solar 

   Energy, 35 (4), 367-369. 

   Carvalho, M.J. and Bourges, B., 1986. Program Eufrad 2.0 - User's Guide. 

   Project EUFRAT final scientific report, Contract EN3S-0111-F, Solar Energy 

   and Development in the European Community, pp. 12.1-12.74.

   Duffie, J.A. and Beckman, W.A., 1980. Solar Engineering of Thermal 

   Processes. Wiley-Interscience, New York. */

/* Inputs :

   year_number : year number (4 digits)

   julian_day  : integer day number or julian day (1..366)

   lambda      : longitude (in radians, positive to East) */

/* Outputs :

   delta : solar declination angle at noon (in radians) */

/* The procedure "declination_sun" computes the solar declination at noon in 

   solar time (in radians). A single (average) value per day -at noon- is 

   adequate for pratical calculations. The noon declination depends on 

   longitude, as noon occurs earlier if longitude is East of Greenwich, and 

   later if it is West. The chosen algorithm uses 1957 as base year; it is 

   basically a truncated Fourier series with six harmonics. Returns 0 if OK, 1

   otherwise. */

{

 int ier;

 double b1,b2,b3,b4,b5,b6,b7;

 double w0,n0,t1,wt;

 b1 =  0.0064979;

 b2 =  0.4059059;

 b3 =  0.0020054;

 b4 = -0.0029880;

 b5 = -0.0132296;

 b6 =  0.0063809;

 b7 =  0.0003508;

 ier = 1;

 /* n0 : spring-equinox time expressed in days from the beginning of the year 

    i.e. the time in decimal days elapsing from 00:00 hours Jan 1st to the 

    spring equinox at Greenwich in a given year */

 /* t1 : time in days, from the spring equinox */

 /* 0.5 represents the decimal day number at noon on Jan 1st at Greenwich */

 n0 = 78.8946 + 0.2422*(year_number-1957) - (int)(0.25*(year_number-1957));

 t1 = - 0.5 - lambda / (2 * Pi) - n0;

 w0 = 2 * Pi / 365.2422;

 if( (julian_day > 0) && (julian_day <= 366) )

  {

   ier = 0;

   wt = w0 * (julian_day + t1);

  }

 *delta = b1 + b2 * sin(wt) + b3 * sin(2 * wt) + b4 * sin(3 * wt) 

             + b5 * cos(wt) + b6 * cos(2 * wt) + b7 * cos(3 * wt);

 return(ier);

}

int declination_sun_month(month_number,type_use,delta_month)

int month_number,type_use;

double *delta_month;

/* Source : Gruter (Ed.) (1984) */

/* Inputs :

   month_number : month number (1..12) */

/* Outputs :

   delta_month : solar declination angle (in radians) */

/* The procedure "declination_sun_month" computes the noon solar declination 

   (in radians) in solar time, with a simplified form, in two cases:

   type_use=0 : for estimating monthly mean global solar radiation

   type_use=1 : for estimating monthly mean maximum global solar radiation

   The integer day number to be selected in each case for the computations is

   given by two tables. Returns 0 if OK, 1 otherwise. */

{

 const double deg_rad = (Pi/180.0); /* converts decimal degrees into radians*/

 int tab_julian_day[12]={17,46,75,105,135,162,198,228,259,289,319,345};

 int tab_julian_day_max[12]={29,57,89,119,150,173,186,217,248,278,309,339};

 int ier,julian_day;

 double day_angle,jm,c1,c2,c3,c4;

 ier = 1;

 if((type_use >= 0) && (type_use < 2))

  {

   if(type_use == 0)

     julian_day = tab_julian_day[month_number-1];

   if(type_use == 1)

     julian_day = tab_julian_day_max[month_number-1];

   ier = 0;

  }

 ier = Day_Angle(julian_day,&day_angle);

 if(ier != 0) return(ier);

 jm = day_angle;

 c1 = 0.3978;

 c2 = 80.2 * deg_rad;  /* 1.4000 in SSA manual */

 c3 = 1.92 * deg_rad;  /* 0.0355 in SSA manual */

 c4 = 2.80 * deg_rad;  /* 0.0489 in SSA manual */

 *delta_month = asin( c1 * sin(jm - c2 + c3 * sin(jm - c4)) );

 return(ier);

}

int solar_hour_angle(t,omega)

double t,*omega;

/* Source : */

/* Inputs :

   t : solar time i.e. LAT (0..24 decimal hours) */

/* Outputs :

   omega : solar hour angle (in radians) */

/* The procedure "solar_hour_angle" supplies the solar hour angle (in radians).

   By convention the hour angle is negative before noon and positive after noon

   Returns 0 if OK, 1 otherwise. */

{

 int ier;

 ier = 1;

 if((t >= 0.0) && (t <= 24.0))

  {

   ier = 0;

   *omega = (t - 12.0) * Pi / 12.0;

  }

 return(ier);

}

int omega_to_LAT(omega,t)

double omega,*t;

/* Source : */

/* Inputs :

   omega : solar hour angle (in radians) */

/* Outputs :

   t : solar time i.e. LAT (0..24 decimal hours) */

/* The procedure "omega_to_LAT" does the reverse operation of the procedure 

   "solar_hour_angle" i.e. computes the solar time (in decimal hours) from the 

   solar hour angle (in radians). Returns 0 if OK, 1 otherwise. */

{

 int ier;

 ier = 1;

 if((omega >= -Pi) && (omega <= Pi))

  {

   ier = 0;

   *t = 12.0 * (1.0 + omega / Pi);

  }

 return(ier); }

double geogr_to_geoce(phi_g)

double phi_g;

{

 double phi;

 double CC=0.99330552; /* Correction factor for converting geographic */

                       /* into geocentric latitude. CC=(Rpole/Requator)**2 */

                       /* Rpole=6356.752, Requator=6378.137 */

 if((phi_g>=-(Pi/2.0-0.0002)) || (phi_g<=(Pi/2.0-0.0002)))

   phi=atan(tan(phi_g)*CC);

 else

   phi=phi_g;

 return(phi);

}

int solar_hour_angle_h(phi_g,delta,t,omega)

double phi_g,delta,t,*omega;

/* Source : */

/* Inputs :

   phi_g : latitude (in radians, positive to North)

   delta : solar declination angle (in radians)

   t     : solar time i.e. LAT (0..24 decimal hours) */

/* Outputs :

   omega : solar hour angle (in radians) */

/* The procedure "solar_hour_angle_h" supplies an average value of the solar 

   hour angle (in radians) for a whole solar hour, taking into account only the

   portion of the solar hour with the sun standing above the horizon. Returns 0

   if OK, 1 otherwise. */

{

 int ier;

 double omega_sr,omega_ss,omega1,omega2;

 ier = 1;

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 omega1 = (t - 1.0 - 12.0) * Pi / 12.0;

 if(omega1 < omega_sr)

   omega1 = omega_sr;

 omega2 = (t - 12.0) * Pi / 12.0;

 if(omega2 > omega_ss)

   omega2 = omega_ss;

 *omega = (omega1 + omega2) / 2.0;

 return(ier);

}

/*********************************/

/* SUNRISE, SUNSET AND DAYLENGTH */

/*********************************/

int sunrise_hour_angle(phi_g,delta,gamma_riset,omega_sr,omega_ss)

double phi_g,delta,gamma_riset,*omega_sr,*omega_ss;

/* Source : */

/* Inputs :

   phi_g       : latitude of site (in radians, positive to North)

   delta       : solar declination angle (in radians)

   gamma_riset : solar elevation near sunrise/sunset:

                 - set to  0.0 for astronomical sunrise/sunset


         - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :

   omega_sr : sunrise solar hour angle (in radians)

   omega_ss : sunset solar hour angle (in radians) */

/* The procedure "sunrise_hour_angle" supplies the sunrise and sunset hour 

   angles (in radians). Due to the dimension of the solar disk and the effect 

   of the atmospheric refraction, the edge of the solar disk will just appear 

   (disappear) at the horizon at sunrise (at sunset) when the calculated 

   astronomical elevation is 50'. Returns 0 if OK, 1 otherwise. */

{

 const double deg_rad = (Pi/180.0); /* converts decimal degrees into radians*/

 int ier;

 double horizon,max_delta,cos_omegas,omegas;

 double phi;

 ier = 1;

 if( (gamma_riset == 0.0) || (gamma_riset == -1.0) )

   ier = 0;

 horizon = (-50.0 / 60.0) * deg_rad;  /* horizon, -50' in radians */ 

 if(gamma_riset >= horizon)

   horizon = gamma_riset;

 phi=geogr_to_geoce(phi_g);

 max_delta = 23.45 * deg_rad;

 if( (fabs(phi) < (Pi/2.0)) && (fabs(delta) <= max_delta) && (ier == 0) )

  {

   cos_omegas = (sin(horizon) - (sin(phi) * sin(delta))) / 

                (cos(phi) * cos(delta));

   ier = 0;

  }

 else

   ier = 1;

 if(fabs(cos_omegas) < 1.0)

   omegas = acos(cos_omegas);

 if(cos_omegas >= 1.0)  /* the sun is always below the horizon : polar night */

   omegas = 0.0;

 if(cos_omegas <= -1.0)  /* the sun is always above the horizon : polar day */

   omegas = Pi;

 *omega_sr = -omegas;

 *omega_ss =  omegas;

 return(ier);

}

int timerise_daylength(omega_sr,omega_ss,t_sr,t_ss,S0)

double omega_sr,omega_ss,*t_sr,*t_ss,*S0;

/* Source : */

/* Inputs :

   omega_sr : sunrise hour angle (in radians)

   omega_ss : sunset hour angle (in radians) */

/* Outputs :

   t_sr : time of astronomical sunrise (in decimal hours)

   t_ss : time of astronomical sunset (in decimal hours)

   S0   : astronomical daylength (in decimal hours) */

/* The procedure "timerise_daylength" supplies the times of astronomical 

   sunrise and sunset, and the astronomical daylength, all in LAT decimal 

   hours. Returns 0 if OK, 1 otherwise. */

{

 int ier;

 ier = 1;

 if( (omega_sr >= -Pi) && (omega_sr <= 0.0) &&

     (omega_ss >= 0.0) && (omega_ss <= Pi) )

  {

   ier = 0;

   /* alternative way */

   /*

   ier = omega_to_LAT(omega_sr,&t_sr);

   if(ier == 0) ier == omega_to_LAT(omega_ss,&t_ss);

   if(ier != 0) return(ier);

   */

   *t_sr = 12.0 + omega_sr * 12.0 / Pi;

   *t_ss = 12.0 + omega_ss * 12.0 / Pi;

   *S0 = *t_ss - *t_sr;

  }

 return(ier);

}

/****************************/

/* CHANGING THE TIME SYSTEM */

/****************************/

int LMT_to_LAT(day_angle,lambda,lambda_ref,summer_corr,dt)

double day_angle,lambda,lambda_ref,*dt;

int summer_corr;

/* Source : Gruter (ed.) (1984) */

/* Inputs :

   day_angle   : day angle (in radians)

   lambda      : longitude of the site (in radians, positive to East)

   lambda_ref  : reference longitude of the time zone (in radians)

   summer_corr : correction for summer time (integer hours) */

/* Outputs :

   dt : Offset between local mean time (LMT) and local apparent time (LAT) (in 

   decimal hours) */

/* The procedure "LMT_to_LAT computes the difference (in decimal hours) between

   the LAT (local apparent time) and the LMT (local mean time or clock time) 

   systems at solar noon. Two stages:

   - the first stage calculates the equation of time, ET, wich allows for 

   perturbations in the rotational and angular orbital speed of the Earth.

   - the second stage handles the difference between the longitude of the site 

   under consideration and the reference time zone longitude for the site. A 

   summer time correction must be added for some countries.

   Returns 0 if OK, 1 otherwise. */ 

{

 const double deg_rad = (Pi/180.0); /* converts decimal degrees into radians*/

 int ier;

 double a1,a2,a3,a4,ET;

 ier = 1;

 a1 = -0.128;

 a2 = -0.165;

 a3 =  2.80 * deg_rad;

 a4 = 19.70 * deg_rad;

 if( (day_angle > 0.0) && (day_angle < (2.0*Pi*1.0021)) && 

     (fabs(lambda) <= Pi) && (fabs(lambda_ref) <= Pi) )

  {

   ier = 0;

   ET = a1 * sin(day_angle - a3) + a2 * sin(2.0 * day_angle + a4);

   *dt = ET + ((lambda - lambda_ref) * 12.0 / Pi) - (double)summer_corr;

  }

 return(ier);

}

int UT_to_LAT(UT,day_angle,lambda,LAT)

double UT,day_angle,lambda,*LAT;

/* Source : */

/* Inputs :

   UT          : Universal Time (in decimal hours)

   day_angle   : day angle (in radians)

   lambda      : longitude of the site (in radians, positive to East) */

/* Outputs :

   LAT : local apparent time or solar time or true solar time (TST) (in decimal

         hours) */

/* The procedure "UT_to_LAT computes the conversion of the UT (Universal time) 

   into the LAT (local apparent time) systems at solar noon (in decimal hours).

   First, the equation of time, ET, is computed (in decimal hours), wich allows

   for perturbations in the rotational and angular orbital speed of the Earth.

   Returns 0 if OK, 1 otherwise. */ 

{

 const double deg_rad = (Pi/180.0); /* converts decimal degrees into radians*/

 int ier;

 double a1,a2,a3,a4,ET;

 ier = 1;

 a1 = -0.128;

 a2 = -0.165;

 a3 =  2.80 * deg_rad;

 a4 = 19.70 * deg_rad;

 if( (UT >= 0.0) && (UT <= 24.0) && (day_angle > 0.0) && 

     (day_angle < (2.0*Pi*1.0021)) && (fabs(lambda) <= Pi) )

  {

   ier = 0;

   ET = a1 * sin(day_angle - a3) + a2 * sin(2.0 * day_angle + a4);

  *LAT = UT + ET + (lambda * 12.0 / Pi);

  if(*LAT<0) *LAT+=24.0;

  if(*LAT>24.0) *LAT-=24.0;

  }

 return(ier);

}

/**********************************/

/* POSITION OF THE SUN IN THE SKY */

/**********************************/

int elevation_zenith_sun(phi_g,delta,omega,gamma,theta)

double phi_g,delta,omega,*gamma,*theta;

/* Source : */

/* Inputs :

   phi_g : latitude of site (in radians, positive to North)

   delta : solar declination angle (in radians)

   omega : solar hour angle (in radians) */

/* Outputs :

   gamma : solar altitude angle (in radians)

   theta : solar zenithal angle (in radians) */

/* The procedure "elevation_zenith_sun" computes the solar elevation (or 

   altitude) angle and the solar zenithal (or incidence) angle. These two 

   angles are complementary. Returns 0 if OK, 1 otherwise. */

{

 int ier;

 double omega_sr,omega_ss;

 double phi;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 if((omega < omega_sr) || (omega > omega_ss))

   *gamma = 0.0;

 else

   *gamma = asin( sin(phi) * sin(delta) + cos(phi) * cos(delta) * cos(omega) );

 if(*gamma < 0.0)

   *gamma = 0.0;

 *theta = (Pi / 2.0) - *gamma;

 return(ier);

}

int azimuth_sun(phi_g,delta,omega,gamma,alpha)

double phi_g,delta,omega,gamma,*alpha;

/* Source : */

/* Inputs :

   phi_g : latitude of site (in radians, positive to North)

   delta : solar declination angle (in radians)

   omega : solar hour angle (in radians)

   gamma : solar altitude angle (in radians) */

/* Outputs :

   alpha : solar azimuthal angle (in radians) */

/* The procedure "azimuth_sun" computes the solar azimuth angle in the Northern

   hemisphere. The azimuth angle has a positive value when the sun is to the 

   west of South, i.e. during the afternoon in solar time. For the Southern 

   hemisphere, the azimuth angle is measured from North. Returns 0 if OK, 1 

   otherwise. */

{

 int ier;

 double cos_as,sin_as,x;

 double phi;

 ier = 0;

 phi=geogr_to_geoce(phi_g);

 cos_as = (sin(phi) * sin(gamma) - sin(delta)) / (cos(phi) * cos(gamma));

 if(phi < 0.0) cos_as = -cos_as;   /* Southern hemisphere */

 sin_as = cos(delta) * sin(omega) / cos(gamma);

 x = acos(cos_as);

 if(fabs(x) > Pi) ier = 1;

 if(sin_as >= 0.0)

   *alpha =  x;

 else

   *alpha = -x;

 return(ier);

}

/********************************/

/* EXTRATERRESTRIAL IRRADIATION */

/********************************/

int corr_distance(day_angle,eccentricity)

double day_angle,*eccentricity;

/* Source : Gruter (ed.) (1984) */

/* Inputs :

   day_angle : day angle (in radians) */

/* Outputs :

   eccentricity : correction for Earth orbit eccentricity */

/* The procedure "corr_distance" computes the correction for the variation of 

   sun-earth distance from its mean value (also known as eccentricity). It is a

   fucntion of time, but a single (average) value per day is enough for 

   practical calculations. Returns 0 if OK, 1 otherwise. */ 

{

 const double deg_rad = (Pi/180.0); /* converts decimal degrees into radians*/

 int ier;

 double a;

 ier = 1;

 a = 2.80 * deg_rad;

 if( (day_angle >= 0.0) && (day_angle <= (2.0*Pi*1.0021)) )

  {

   ier = 0;

   *eccentricity = 1.0 + 0.03344 * cos(day_angle - a);

  }

 return(ier);

}

int G0_normal(I0j,theta,G0)

double I0j,theta,*G0;

/* Source : */

/* Inputs :

   IOj : extraterrestrial solar irradiance normal to beam for day j; I0j=I0*fj

   theta : solar incidence angle or solar zenithal angle */

/* Outputs :

   G0 : extraterrestrial global solar irradiation (in Wh/m2) */

/* The procedure "G0_normal" delivers the extraterrestrial solar irradiance 

   normal to beam for day j. Returns 0 if OK, 1 otherwise. */

{

 *G0 = I0j * cos(theta);

 return 0;

}

int G0_general(phi_g,eccentricity,delta,omega1,omega2,G0_12)

double phi_g,eccentricity,delta,omega1,omega2,*G0_12;

/* Source : */

/* Inputs :

   phi_g        : latitude of site (in radians, positive to North)

   eccentricity : correction for Earth orbit eccentricity

   delta        : solar declination angle (in radians)

   omega1       : solar hour angle at beginning of the period (in radians)

   omega2       : solar hour angle at end of the period (in radians) */

/* Outputs :

   G0_12 : extraterrestrial solar irradiation (in Wh/m2) */

/* The procedure "G0_general" delivers the extraterrestrial solar irradiation 

   incident on an horizontal surface in the general case (in Wh/m2). Returns 0

   if OK, 1 otherwise */

{

 int ier;

 double omega_sr,omega_ss,a,b1,b2,c;

 double phi;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 if(omega1 < omega_sr)

   omega1 = omega_sr;

 if(omega2 < omega_sr)

   omega2 = omega_sr;

 if(omega1 > omega_ss)

   omega1 = omega_ss;

 if(omega2 > omega_ss)

   omega2 = omega_ss;

 if(omega2 <= omega1)

   *G0_12 = 0.0;

 else

  {

   a = I0 * eccentricity * Dl / (2.0 * Pi);

   b1 = sin(phi) * sin(delta) * (omega2 - omega1);

   b2 = cos(phi) * cos(delta) * (sin(omega2) - sin(omega1));

   c = a * (b1 + b2);

   if(c < 0.0)

     *G0_12 = 0.0;

   else

     *G0_12 = c;

  }

 return(ier);

}

int G0_day(phi_g,eccentricity,delta,G0d)

double phi_g,eccentricity,delta,*G0d;

/* Source : */

/* Inputs :

   phi_g        : latitude of site (in radians, positive to North)

   eccentricity : correction for Earth orbit eccentricity

   delta        : solar declination angle (in radians) */

/* Outputs :

   G0d : daily extraterrestrial solar irradiation (in Wh/m2) */

/* The procedure "G0_day" delivers the extraterrestrial solar irradiation 

   incident on an horizontal surface in case of daily values (in Wh/m2), i.e.

   omega1 = omega_sr = -omega_ss  et omega2 = omega_ss. Returns 0 if OK, 1 

   otherwise.

   REMARK: It is a special case of G0_general with the sunrise and sunset 

   angles as integration limits. */

{

 int ier;

 double omega_sr,omega_ss,a,b;

 double phi;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 a = I0 * eccentricity * Dl / Pi;

/* b = cos(phi) * cos(delta) * (sin(omega_ss) - omega_ss * cos(omega_ss));*/

 b = sin(phi)*sin(delta)*omega_ss + cos(phi)*cos(delta)*sin(omega_ss);

 *G0d = a * b;

 return(ier);

}

int G0_hours_profile(phi_g,eccentricity,delta,G0h)

double phi_g,eccentricity,delta,G0h[];

/* Source : */

/* Inputs :

   phi_g        : latitude of site (in radians, positive to North)

   eccentricity : correction for Earth orbit eccentricity

   delta        : solar declination (in radians) */

/* Outputs :

   G0h[1..24] : 24 hourly extraterrestrial solar irradiation (in Wh/m2) */

/* The procedure "G0_hours_profile" delivers the extraterrestrial solar 

   irradiation incident on an horizontal surface in case of hourly values, for

   the 24 integral hours in a given day (in Wh/m2), i.e. |omega1-omega2| = 

   Pi/12. Returns 0 if OK, 1 otherwise */

{

 int ier,i;

 double omega_sr,omega_ss,a,b1,b2;

 double phi;

 double t1,t2,omega1,omega2;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 a = I0 * eccentricity * Dl / (2.0 * Pi);

 b1 = sin(phi) * sin(delta);

 b2 = cos(phi) * cos(delta);

 for(i=0;i<24;i++)

  {

   t1 = (double)(i+1) - 1.0;

   ier = solar_hour_angle(t1,&omega1);

   if(ier != 0) return(ier);

   t2 = (double)(i+1);

   ier = solar_hour_angle(t2,&omega2);

   if(ier != 0) return(ier);

   if((omega2 < omega_sr) || (omega1 > omega_ss))

     G0h[i] = 0.0;

   else

    {

     if(omega1 < omega_sr)

       omega1 = omega_sr;

     if(omega2 > omega_ss)

       omega2 = omega_ss;

     G0h[i] = a * (b1 * (omega2 - omega1) + b2 * (sin(omega2) - sin(omega1)));

    }

  }

 return(ier);

}

int G0_hour(phi_g,eccentricity,delta,t,G0h)

double phi_g,eccentricity,delta,t,*G0h;

/* Source : */

/* Inputs :

   phi_g        : latitude of site (in radians, positive to North)

   eccentricity : correction for Earth orbit eccentricity

   delta        : solar declination (in radians)

   t            : solar time i.e. LAT (0..24 decimal hours) */

/* Outputs :

   G0h : hourly extraterrestrial solar irradiation (in Wh/m2) */

/* The procedure "G0_hour" delivers the extraterrestrial solar irradiation 

   incident on an horizontal surface for a specific hour in a given day (in 

   Wh/m2), i.e. |omega1-omega2| = Pi/12. t is taken as the mid hour for 

   computation of the hourly value of extraterrestrial solar irradiation. 

   Returns 0 if OK, 1 otherwise */

{

 int ier;

 double omega_sr,omega_ss,a,b1,b2;

 double t1,t2,omega1,omega2;

 double phi;

 ier = 1;

 phi=geogr_to_geoce(phi_g);

 ier = sunrise_hour_angle(phi_g,delta,0.0,&omega_sr,&omega_ss);

 if(ier != 0) return(ier);

 a = I0 * eccentricity * Dl / (2.0 * Pi);

 b1 = sin(phi) * sin(delta);

 b2 = cos(phi) * cos(delta);

 t1 = t - 1.0;

 ier = solar_hour_angle(t1,&omega1);

 if(ier != 0) return(ier);

 t2 = t;

 ier = solar_hour_angle(t2,&omega2);

 if(ier != 0) return(ier);

 if(omega1 < omega_sr)

   omega1 = omega_sr;

 if(omega2 < omega_sr)

   omega2 = omega_sr;

 if(omega2 <= omega1)

   *G0h = 0.0;

 else

  {

   *G0h = a * (b1 * (omega2 - omega1) + b2 * (sin(omega2) - sin(omega1)));

   if(*G0h < 0.0)

     *G0h = 0.0;

  }

 return(ier);

}

/***********************************************/

/* MONTHLY AVERAGES OF SOLAR INPUTS PARAMETERS */

/***********************************************/

int monthly_averages(month_number,year_number,phi_g,lambda,gamma_riset,day_angle_m,delta_m,omega_ss_m,S0_m,eccentricity_m,G0d_m,G0h_m)

int month_number,year_number;

double phi_g,lambda,gamma_riset;

double *day_angle_m,*delta_m,*omega_ss_m,*S0_m,*eccentricity_m,*G0d_m,G0h_m[];

/* Source : */

/* Inputs :

   month_number : month number (1..12)

   year_number  : year number (4 digits)

   phi_g        : latitude of site (in radians, positive to North)

   lambda       : longitude of site (in radians, positive to East)

   gamma_riset  : solar elevation near sunrise/sunset:

                  - set to  0.0 for astronomical sunrise/sunset



  - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :        monthly average of...

   day_angle_m    : ... day angle (in radians)

   delta_m        : ... solar declination angle (in radians)

   omega_ss_m     : ... sunset hour angle (in radians)

   S0_m           : ... astronomical daylength (in decimal hours)

   eccentricity_m : ... eccentricity

   G0d_m          : ... daily extraterrestrial irradiation (in Wh/m2)

   G0h_m[1..24]   : ... 24 hourly extraterrestrial solar irradiation (in Wh/m2)

   */

/* The procedure "monthly_averages" computes directly the monthly average 

   values of solar parameters : day angle (in radians), eccentricity, 

   declination (in radians), sunset hour angle (in radians), daylength (in 

   decimal hours), daily extraterrestrial irradiation (in Wh/m2) and the 24 

   hourly extraterrestrial solar irradiation (in Wh/m2) . Returns 0 if OK, 1 

   otherwise */

{

 int ier,i,day_of_month,number_days_month,julian_day;

 double day_angle,delta,omega_sr,omega_ss,t_sr,t_ss,S0,eccentricity,G0d;

 double G0h[24];

 double nbd_m;

 /* Initialization */

 *day_angle_m = 0.0;

 *delta_m = 0.0;

 *omega_ss_m = 0.0;

 *S0_m = 0.0;

 *eccentricity_m = 0.0;

 *G0d_m = 0.0;

 for(i=0;i<24;i++)

   G0h_m[i] = 0.0;

 ier = 1;

 ier = nbdays_month(year_number,month_number,&number_days_month);

 if(ier != 0) return(ier);

 for(day_of_month=1;day_of_month<=number_days_month;day_of_month++)

  {

   ier = make_julian_day(day_of_month,month_number,year_number,&julian_day);

   if(ier == 0)

     ier = Day_Angle(julian_day,&day_angle);

   if(ier == 0)

     ier = declination_sun(year_number,julian_day,lambda,&delta);

   if(ier == 0)

     ier = sunrise_hour_angle(phi_g,delta,gamma_riset,&omega_sr,&omega_ss);

   if(ier == 0)

     ier = timerise_daylength(omega_sr,omega_ss,&t_sr,&t_ss,&S0);

   if(ier == 0)

     ier = corr_distance(day_angle,&eccentricity);

   if(ier == 0)

     ier = G0_day(phi_g,eccentricity,delta,&G0d);

   if(ier == 0)

     ier = G0_hours_profile(phi_g,eccentricity,delta,G0h);

   if(ier != 0) return(ier);

   /* OR */

   /* ier = solar_parameters_day(day_of_month,month_number,year_number,phi_g,lambda,gamma_riset,&day_angle,&delta,&omega_ss,&S0,&eccentricity,&G0d,G0h); */

   if(ier != 0) return(ier);

   /* REMARK: In the original procedure test on G0d: if(*G0d > 0) */

   *day_angle_m = *day_angle_m + day_angle;

   *delta_m = *delta_m + delta;

   *omega_ss_m = *omega_ss_m + omega_ss;

   *S0_m = *S0_m + S0; 

   *eccentricity_m = *eccentricity_m + eccentricity;

   *G0d_m = *G0d_m + G0d;

   for(i=0;i<24;i++)

     G0h_m[i] = G0h_m[i] + G0h[i];

  }

 nbd_m = (double)number_days_month;

 *day_angle_m = *day_angle_m / nbd_m;

 *delta_m = *delta_m / nbd_m;

 *omega_ss_m = *omega_ss_m / nbd_m;

 *S0_m = *S0_m / nbd_m;

 *eccentricity_m = *eccentricity_m / nbd_m;

 *G0d_m = *G0d_m / nbd_m;

 for(i=0;i<24;i++) 

   G0h_m[i] = G0h_m[i] / nbd_m;

 return(ier);

}

/****************************************************/

/* YEARLY AVERAGES OF MONTHLY SOLAR PARAMETERS      */

/* (LONG TERM MEANS OF MONTHLY MEANS OF DAILY SUMS) */

/****************************************************/

int yearly_averages(month_number,year_start,year_end,phi_g,lambda,gamma_riset,day_angle_y,delta_y,omega_ss_y,S0_y,eccentricity_y,G0d_y,G0h_y)

int month_number;

int year_start,year_end;

double phi_g,lambda,gamma_riset;

double *day_angle_y,*delta_y,*omega_ss_y,*S0_y,*eccentricity_y,*G0d_y,G0h_y[];

/* Source : */

/* Inputs :

   month_number : month number (1..12)

   year_start   : starting year of the considered period (4 digits)

   year_end     : ending year of the considered period (4 digits)

   phi_g        : latitude of site (in radians, positive to North)

   lambda       : longitude of site (in radians, positive to East)

   gamma_riset  : solar elevation near sunrise/sunset:

                  - set to  0.0 for astronomical sunrise/sunset



  - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :        yearly average of...

   day_angle_y    : ... day angle (in radians)

   delta_y        : ... solar declination angle (in radians)

   omega_ss_y     : ... sunset hour angle (in radians)

   S0_y           : ... astronomical daylength (in decimal hours)

   eccentricity_y : ... eccentricity

   G0d_y          : ... daily extraterrestrial irradiation (in Wh/m2)

   G0h_y[1..24]   : ... 24 hourly extraterrestrial solar irradiation (in Wh/m2)

   */

/* The procedure "yearly_averages" computes directly the yearly average over a

   defined period of years of monthly average values of solar parameters : day 

   angle (in radians), eccentricity, declination (in radians), sunset hour 

   angle (in radians), daylength (in decimal hours), daily extraterrestrial 

   irradiation (in Wh/m2) and 24 hourly extraterrestrial solar irradiation 

   (in Wh/m2). Returns 0 if OK, 1 otherwise */

{

 int ier,i,year_number;

 double day_angle_m,delta_m,omega_ss_m,S0_m,eccentricity_m,G0d_m,G0h_m[24];

 double number_of_years;

 number_of_years = (double)(year_end - year_start + 1.);

 ier = 1;

 /* Initialization of parameters */

 *day_angle_y = 0.0;

 *delta_y = 0.0;

 *omega_ss_y = 0.0;

 *S0_y = 0.0;

 *eccentricity_y = 0.0;

 *G0d_y = 0.0;

 for(i=0;i<24;i++) 

   G0h_y[i] = 0.0;

 for(year_number=year_start;year_number<=year_end;year_number++)

  {

   ier = monthly_averages(month_number,year_number,phi_g,lambda,gamma_riset,&day_angle_m,&delta_m,&omega_ss_m,&S0_m,&eccentricity_m,&G0d_m,G0h_m);

   if(ier != 0) return(ier);

   *day_angle_y = *day_angle_y + day_angle_m;

   *delta_y = *delta_y + delta_m;

   *omega_ss_y = *omega_ss_y + omega_ss_m;

   *S0_y = *S0_y + S0_m; 

   *eccentricity_y = *eccentricity_y + eccentricity_m;

   *G0d_y = *G0d_y + G0d_m;

   for(i=1;i<=24;i++) 

     G0h_y[i] = G0h_y[i] + G0h_m[i];

   /*

   printf("year_number= %4d  G0d_m = %8.2f (Wh/m2)  G0d_y = %8.2f (Wh/m2)\n",year_number,G0d_m,*G0d_y);

   for(i=0;i<24;i++) 

     printf("hh= %2d (hours)\tG0h_m = %8.2f (Wh/m2)\tG0h_y = %8.2f (Wh/m2)\n",i+1,G0h_m[i],G0h_y[i]);

   */

  }

 *day_angle_y = *day_angle_y / number_of_years;

 *delta_y = *delta_y / number_of_years;

 *omega_ss_y = *omega_ss_y / number_of_years;

 *S0_y = *S0_y / number_of_years;

 *eccentricity_y = *eccentricity_y / number_of_years;

 *G0d_y = *G0d_y / number_of_years;

 for(i=0;i<24;i++)

   G0h_y[i] = G0h_y[i] / number_of_years;

 return(ier);

}

/*********************************************/

/* SOLAR INPUTS PARAMETERS FOR A CERTAIN DAY */

/*********************************************/

int solar_parameters_day(day_of_month,month_number,year_number,phi_g,lambda,gamma_riset,day_angle,delta,omega_ss,S0,eccentricity,G0d,G0h)

int day_of_month,month_number,year_number;

double phi_g,lambda,gamma_riset;

double *day_angle,*delta,*omega_ss,*S0,*eccentricity,*G0d,G0h[];

/* Source : */

/* Inputs :

   day_of_month : day of the month (1..31)

   month_number : month number (1..12)

   year_number  : year number (4 digits)

   phi_g        : latitude of site (in radians, positive to North)

   lambda       : longitude of site (in radians, positive to East)

   gamma_riset  : solar elevation near sunrise/sunset:

                  - set to  0.0 for astronomical sunrise/sunset



  - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :

   day_angle    : day angle (in radians)

   delta        : solar declination angle (in radians)

   omega_ss     : sunset hour angle (in radians)

   S0           : astronomical daylength (in decimal hours)

   eccentricity : eccentricity

   G0d          : daily extraterrestrial irradiation (in Wh/m2)

   G0h[1..24]   : 24 hourly extraterrestrial solar irradiation (in Wh/m2)

   */

/* The procedure "solar_parameters_day" computes the solar geometry related 

   values for a certain day : day angle (in radians), eccentricity, 

   declination (in radians), sunset hour angle (in radians), daylength (in 

   decimal hours), daily extraterrestrial irradiation (in Wh/m2) and the 24 

   hourly extraterrestrial solar irradiation (in Wh/m2). Returns 0 if OK, 1 

   otherwise. 

   REMARK: gamma_riset set to 0.0 in the original procedure by Aguiar.*/

{

 int ier,i,julian_day;

 double omega_sr,t_sr,t_ss;

 ier = 1;

 ier = make_julian_day(day_of_month,month_number,year_number,&julian_day);

 if(ier == 0)

   ier = Day_Angle(julian_day,day_angle);

 if(ier == 0)

   ier = declination_sun(year_number,julian_day,lambda,delta);

 if(ier == 0)

   ier = sunrise_hour_angle(phi_g,*delta,gamma_riset,&omega_sr,omega_ss);

 if(ier == 0)

   ier = timerise_daylength(omega_sr,*omega_ss,&t_sr,&t_ss,S0);

 if(ier == 0)

   ier = corr_distance(*day_angle,eccentricity);

 if(ier == 0)

   ier = G0_day(phi_g,*eccentricity,*delta,G0d);

 if(ier == 0 && *G0d > 0.0)

   ier = G0_hours_profile(phi_g,*eccentricity,*delta,G0h);

 return(ier);

}

/******************************************************************/

/* SOLAR INPUTS PARAMETERS FOR MONTHLY AVERAGE IRRADIATION MODELS */

/******************************************************************/

int solar_parameters_avg(month_number,phi_g,gamma_riset,day_angle_avg,delta_avg,omega_ss_avg,S0_avg,eccentricity_avg,G0d_avg,G0h_avg)

int month_number;

double phi_g,gamma_riset;

double *day_angle_avg,*delta_avg,*omega_ss_avg,*S0_avg,*eccentricity_avg,

       *G0d_avg,G0h_avg[];

/* Source : */

/* Inputs :

   month_number : month number (1..12)

   phi_g        : latitude of site (in radians, positive to North)

   gamma_riset  : solar elevation near sunrise/sunset:

                  - set to  0.0 for astronomical sunrise/sunset



  - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :        average ... for the given month

   day_angle_avg    : day angle (in radians)

   delta_avg        : solar declination angle (in radians)

   omega_ss_avg     : sunset hour angle (in radians)

   S0_avg           : astronomical daylength (in decimal hours)

   eccentricity_avg : eccentricity

   G0d_avg          : daily extraterrestrial irradiation (in Wh/m2)

   G0h_avg[1..24]   : 24 hourly extraterrestrial solar irradiation (in Wh/m2)

   */

/* The procedure "solar_parameters_acg" computes the solar geometry related 

   values for monthly average irradiation models : day angle (in radians), 

   eccentricity, declination (in radians), sunset hour angle (in radians), 

   daylength (in decimal hours), daily extraterrestrial irradiation (in Wh/m2) 

   and the 24 hourly extraterrestrial solar irradiation (in Wh/m2). Returns 0 

   if OK, 1 otherwise. 

   REMARK: gamma_riset set to 0.0 in the original procedure by Aguiar.*/

{

 int ier,i,julian_day;

 double omega_sr,t_sr,t_ss;

 /* recommended values of day number for estimating monthly mean global solar 

    radiation */

 int tab_julian_day[12]={17,46,75,105,135,162,198,228,259,289,319,345};

 int type_use;

 ier = 1;

 type_use = 0;  /* for estimating monthly mean global solar radiation */

 if((type_use >= 0) && (type_use < 2))

  {

   if(type_use == 0)

     julian_day = tab_julian_day[month_number-1];

   ier = 0;

  }

 if(ier == 0)

   ier = Day_Angle(julian_day,day_angle_avg);

 if(ier == 0)

   ier = declination_sun_month(month_number,type_use,delta_avg);

 if(ier == 0)

   ier = sunrise_hour_angle(phi_g,*delta_avg,gamma_riset,&omega_sr,omega_ss_avg);

 if(ier == 0)

   ier = timerise_daylength(omega_sr,*omega_ss_avg,&t_sr,&t_ss,S0_avg);

 if(ier == 0)

   ier = corr_distance(*day_angle_avg,eccentricity_avg);

 if(ier == 0)

   ier = G0_day(phi_g,*eccentricity_avg,*delta_avg,G0d_avg);

 if(ier == 0)

   ier = G0_hours_profile(phi_g,*eccentricity_avg,*delta_avg,G0h_avg);

 return(ier);

}

/******************************************************************/

/* SOLAR INPUTS PARAMETERS FOR MONTHLY MAXIMUM IRRADIATION MODELS */

/******************************************************************/

int solar_parameters_max(month_number,phi_g,gamma_riset,day_angle_max,delta_max,omega_ss_max,S0_max,eccentricity_max,G0d_max,G0h_max)

int month_number;

double phi_g,gamma_riset;

double *day_angle_max,*delta_max,*omega_ss_max,*S0_max,*eccentricity_max,

       *G0d_max,G0h_max[];

/* Source : */

/* Inputs :

   month_number : month number (1..12)

   phi_g        : latitude of site (in radians, positive to North)

   gamma_riset  : solar elevation near sunrise/sunset:

                  - set to  0.0 for astronomical sunrise/sunset



  - set to -1.0 for refraction corrected sunrise/sunset. */

/* Outputs :        average ... for the given month

   day_angle_max    : day angle (in radians)

   delta_max        : solar declination angle (in radians)

   omega_ss_max     : sunset hour angle (in radians)

   S0_max           : astronomical daylength (in decimal hours)

   eccentricity_max : eccentricity

   G0d_max          : daily extraterrestrial irradiation (in Wh/m2)

   G0h_max[1..24]   : 24 hourly extraterrestrial solar irradiation (in Wh/m2)

   */

/* The procedure "solar_parameters_acg" computes the solar geometry related 

   values for monthly average irradiation models : day angle (in radians), 

   eccentricity, declination (in radians), sunset hour angle (in radians), 

   daylength (in decimal hours), daily extraterrestrial irradiation (in Wh/m2) 

   and the 24 hourly extraterrestrial solar irradiation (in Wh/m2). Returns 0 

   if OK, 1 otherwise. 

   REMARK: gamma_riset set to 0.0 in the original procedure by Aguiar.*/

{

 int ier,i,julian_day;

 double omega_sr,t_sr,t_ss;

 /* recommended values of day number for estimating monthly mean maximum 

    global solar radiation */

 int tab_julian_day_max[12]={29,57,89,119,150,173,186,217,248,278,309,339};

 int type_use;

 ier = 1;

 type_use = 1;  /* for estimating monthly mean global solar radiation */

 if((type_use >= 0) && (type_use < 2))

  {

   if(type_use == 1)

     julian_day = tab_julian_day_max[month_number-1];

   ier = 0;

  }

 if(ier == 0)

   ier = Day_Angle(julian_day,day_angle_max);

 if(ier == 0)

   ier = declination_sun_month(month_number,type_use,delta_max);

 if(ier == 0)

   ier = sunrise_hour_angle(phi_g,*delta_max,gamma_riset,&omega_sr,omega_ss_max);

 if(ier == 0)

   ier = timerise_daylength(omega_sr,*omega_ss_max,&t_sr,&t_ss,S0_max);

 if(ier == 0)

   ier = corr_distance(*day_angle_max,eccentricity_max);

 if(ier == 0)

   ier = G0_day(phi_g,*eccentricity_max,*delta_max,G0d_max);

 if(ier == 0)

   ier = G0_hours_profile(phi_g,*eccentricity_max,*delta_max,G0h_max);

 return(ier);

}

