. METEONORM

A tool for Solar Energy Applicatiéns,

Building Design, Heating & Cooling

Renewable Energy System Design,

Agriculture and Forestry, Environmental Research,

Meteorological Reference
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Fax: +41 31 307 26 10
www.meteotest.ch

office@meteotest.ch

The Swiss Federal Office of Energy supports the development of
METEONORM.
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METEONORM - What is it?

METEONORM 5.0 (Edition 2003) is based on over 18 years of experience in the develop-
ment of meteorological databases for energy applications. It is a comprehensive meteorolo-
gical reference, incorporating a catalogue of meteorological data and calculation proce-
dures for solar applications and system design at any desired location in the world.
METEONORM addresses engineers, architects, teachers, planners and anyone interested in
solar energy and climatology.

Features

> Climatological data of 7°400 weather stations. 4’500 new stations added. Ypdated

> Measured parameters: radiation, temperature, humidity, precipitation, days with precipita-
tion, wind speed and direction, sunshine duration.

> New derived parameters: driving rain, spectral UVA/B and erythemal radiation. M*
> Use of satellite data for areas with low density of weather stations. Me*
> Complete coverage of the globe, including polar regions. Ne*

> Interpolation model for solar radiation and additional parameters for any site in the

WO rld Updated

> Inclusion of current monthly radiation and temperature data by internet. Me%
> Import of user data.
> Calculation of radiation for inclined surfaces.

> Effects of high horizon considered in radiation calculations. High horizon calculated auto-
matically for Switzerland, based on digital terrain model. Ypdeted

> Adaptation of algorithms to latest results of European Union Research Program
FP5 Updated

> Enhanced temperature generation based on measured distributions. Ypdered

> Calculation of daily sunrise and sunset.

> Graphical interface: Site selection on map.

> Data output displayed graphically.

> 18 different predefined output formats as well user-definable output format. Ypdeted

> 5 languages supported in user interface GUI: English, French, German, ltalian, Spanish.

> Manual, help in English and German, maps and illustrations included on
CD-ROM. Vpdated

> Low price: data and models on one CD-ROM for the price of a few hours of work.
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7’400 meteorological stations worldwide

Several databases from different parts of the world have been combined and checked for
their reliability. In the present version, most of the data is taken from the GEBA (Global Ener-
gy Balance Archive), from the World Meteorological Organization (WMO/OMM) Climato-
logical Normals 1961-1990 and from the Swiss database compiled by MeteoSwiss.

Monthly climatological (long term) means are available for the following parameters:

> global radiation
>

humidity

sunshine duration

ambient air temperature

wind speed and direction

precipitation, days with precipitation

. Distributi
Available parameters global | temperature, only total etributon
radiation and additional | temperature and number
temperature parameters | or radiation of available
Europe 335 17169 60 1’564 | stations.
North America 277 1793 237 2’307
South/Central America 76 563 42 681
Asia (with Russia) 150 17441 25 1’616
Australia / Pacific 39 473 155 667
Africa 123 413 34 570
World 1°000 5’852 553 7°405
Lii| Al operations
File Import Format  Sike  Basic data Plane Horizon  Calculations  Language  Info are in iﬁafed
Status _ﬁ}z Calculation completed from this screen.
Site | i “
| San Diego US rflf,‘;m Month| H_Gh | H_Gk | A number of
Situation | seallake Basic data | Jan 95 155 important results
T — ’W Mean val ] Estreme val. :‘eh 109 158 P
| ar 153 180 are also
Fomat | MATRIx | [ Pendem [ Ghmar Ap | 183 | 182 .
May 194 163 displayed.
- Jun 194 154
w | Cities Jul 215 176
- Plane orient. Aug 202 187
Azimuth: [0 Plane Sep 163 181
e -y Dct 136 182
Inclination: | 45 . | Nov 102 163
Units ave Dec 88 153
Radiation (month) | [ KWh 7m2 ] | -Preview : Year | 1831 | 2034 |
Temperature ['C]
Yiew site Yiew results Progress
Units [User defined) | ’V 0z
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Graphical interface: selection of sites on map

Sites may be selected using a graphical interface. The maps can be panned and zoomed.

- Identified site—————————————
Name of the site: | Full extent | Zoom | Pan | | Identify Set point |
[Mercedes | Fasition
[ Longitude [".] [E:+]: | -150.28 Latitude [} | 12612 ‘

Longitude [*] (E:+]{ [58.04 Heasired paansie
Latitude [*.'] | [3318 [ Gh Ta FF [ oD FR 5d Otd [CFRd ‘

Type | |Stati0ns |
LCancel oK | B
=
- Legend gg I
B Cities ) FU. ~
]
O  Stations n
[] o PO
B wmolomm o “n
O  Add. statiohs
]
a =] ﬁ
N

Er=—

Le b

- Label - Background
| Maone Mame | | ‘wiorld map % | Gh | anth
/

Graphical site selection

interface; zoom on the

Indian sub-continent.
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Interpolation - data for any site worldwide

For many regions of the world, measured data may only be applied within a radius of 50 km
from weather stations. This makes it necessary fo interpolate parameters between stations.
Interpolation models for solar radiation, temperature and additional parameters, allowing

application at any site in the world, are included in the software.

- Edit

Search site: Ix

Ada
Adana TU
Adapazar TU

|»

Example: Editing the user-defined site
"Taj Mahal" in the respective menu.

The parameters can all be entered by

. Qgg[:’,';;':" hand or by choosing a nearby site and
Name of the site: ITaI Mahal
_— Albuquerque NM hanaing th Th fware th
Altitude [m]: |212 :::z: g:::::g: | cnanging them. e SO are then
Coord. X [km]: [o New site [ AMSTERDAM NL interpolates all meteorological values
- ncona
Coord. Y [km]: II] Athens IDMP for the new site Taj Mahal.
— Bad Lake
Longitude [*."] [E:+]): I?3 Save | Bayan Lepas
| Bern
Latitude [*.']: |2?'4 Bermn-Bollwerk
Clear Bein-Liebefeld
Ti - |-5.5 Bern-Marzili
e e Bern-Marzili
Situation: jopen =l Billings
- - Bornhausen
Type of site: IUsetdehned zite j Boulder CO
| = Boulder NSRDBE
Code: Tai Bratislava IDMP
l— Broome |
IZRM: =0 Burgdorf
Cairng | vI
Continent: |Asia
C |
Climatic zone: ’r Ll
Time system @ legal O solar 118

Data import

METEONORM offers a dynamic internet link to current monthly temperature and radiation
data. With one mouse-click, current data is imported from the internet and displayed. It can
be included in solar energy calculations and used for performance checks of energy systems.

Users may import their own (monthly or hourly) radiation and temperature data with the im-
port utility. Subsequently, they can use the METEONORM models and procedures to gene-
rate random time series (from monthly data) and to calculate radiation on inclined surfaces
and horizon effects. The imported data can be taken into account for the spatial interpolation
of temperature and radiation.
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Calculation of hourly values

From the monthly values (station data, interpolated data or imported data), METEONORM
calculates hourly values of all parameters using a stochastic model. The resulting time series
correspond to "typical years" used for system design. Additionally, the following parameters
are derived:

> height of sun

> diffuse radiation

> beam radiation

> longwave radiation

> global radiation

> direct radiation

> solar azimuth and elevation

> [uminance

> spectral UVA/UVB

> erythemal radiation

> driving rain

Calculation of radiation for inclined surfaces

METEONORM calculates direct (beam) and diffuse radiation. Additionally, radiation can be
calculated for any surface orientation. METEONORM uses up-to-date algorithms for these
procedures.

Window for entering
Planeorientati surface orientation and
NESWHN

Inclination:

Azimut | ||] m inclination.
[ q

rAlbedo

& automatic " uger defined

Albedo) (0.05:019) | | | /|
LCancel | oK |
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Effects of high horizon considered

METEONORM calculates reduced global radiation caused by a high horizon. The skyline
profile can easily be entered either graphically (drag line) or numerically. A rectified picture
of the horizon can be imported and used as a background for digitizing the horizon. For
Switzerland, the horizon is calculated automatically, based on a digital terrain model.

Window for editing the
File: —————  Cursorposition: hOf’iZOﬂ. Here fhe
’V chur.hor ’V Azimuth: | -98* Elevalion:| 28" 86 -180 3 N horizon was generofed
| -179 3
90° a2 automatically from the
80 e 2 digital elevation model.
Fls ~
-151 7
60° 150 1
1 136 17
2l 135 17
40° 115 25
o 113 25
- 110 27
20° 98 28 |
10° l—l—
0° "
-180°-150°-120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°
N E s W N Gt
Azimuth
Clear point |
(3] LCancel | Choose | Calc. horizon | Open | Save | Elealialin

_ Date: ddmo |[28.03° o,
_ Time: hhumm | [12.00 __POosttion

Azimuth: || -9.9 Load & 0-70 Clear
Elevation: || 45.7 picture | ~ g _gp-  picture

After entering the horizon, the time of sunrise and sunset is calculated for each day and
stored in an ASCII file. Multiple sunrises and sunsets, caused by a complicated horizon (e.g.
trees, towers) can be calculated.

& chursau.dat - Editor -10] x| Sunrise and
Datei Bearbeiten  Format ? sunset ASCI|-
sunrise- / -set -

m o odm dy  Mr. sunrise sunset file.
1 1 1 2 10,21 12.35

1 2 2 2 10,21 12.36

1 3 3 2 10,21 12.37

1 4 4 2 10.21 12.38

1 i i 2 10.21 12.40

1 G G 2 10.21 1z2.41

1 7 7 2 10.20 12.42

1 8 8 2 10,159 12.44

1 9 5 2 10.18 12.45

1 10 10 2 10.17 12.47

1 11 11 2 10.16 12.48

1 12 12 2 10.15 12.50

1 13 13 2 10.14 12,51

1 14 14 2 10,13 12.53

1 15 135 2 10,11 12.55

1 1l 16 2 10.10 12.56

1 17 17 2 10.08 12.58

1 18 18 4 9.47 G.465

1 19 19 4 9.45 G.52

1 20 20 4 5.44 9.55

1 21 21 4 9.43 9.58

4 | LA
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Data export

18 different predefined output formats are available. They cover most of the well-known
simulation software in solar energy applications and building design, including TMY2, DOE,
TRNSYS as well as output formats for TRY/WUFI (German test reference years, WUFI import
format), Meteo Matrix (TISO) and PVS. They are available for the calculation of hourly as
well as monthly values. Data is written to ASCll-files.

In user-defined format, the parameters which are to appear in the output file and the desired
units can be chosen.

Choice of predefined
- Format [Hourly values] OUprf fOmefS.
i+ Standard " LESOSAI
" HELIDS-PC  S1A 38041
" DODE " Standard/opt.
" SUNCODE = TRY/WUFI
" MATCH " Spectral
" CH-METED " Meteo matrix/TISO
" PVSYST & PYS
" TRNSYS
~
VAL " User defined
" POLYSUN
T TMY2
LCancel |
User defined
Time Temp. / Humidity Output variable OUprf fOfme
Year Wet bulb temperature Month selection and units
Day of the year Relative humidity Day of the month
Local time Surface temperature Hour selection window
Mixing ratio Hour of the year
Driving rain [mm] Global radiation horizontal for user defined
Global radiation, tilted plane E
Air temperature
o D ewpoint temperature OUprf'
Radiation Cloud cover fraction
Height of sun Precipitation [mm]
Diffuze radiation horizontal Wind £ Air pressure W!nd SPEEd_
Beam v Wind direction
Diffuze radiation. tilted plane If pressure
Longwave radiation incoming
Longwave radiation. vertical plane|
Longwave radiation outgoing
Globolet. 1efekton o 0 CENE
Radiation balance w
E xtraterr. radiation ~ R adiati ~wind Temp ure
Solar azimuth [ Head .
Global luminance cacet Monthly val. Hourly values Flmis] el
Diffuse lumninance — .
Global radiation, tracked Hyphen C[Wim2] & [Wim2] 10 m/s] © [1210°C]
B{}i':;,'j’lf;f"""’ boriz; :: 8 :: S M s m2) [ M 2 m2] Lkt CIIF]
: C [kifm2h] [kl Z/m2h] C [km/h]
Other hypl N
| " [btu/ft2h]  [btu/f2h] - Air pressure
& [kWh/m2] o (iRl
 [kwh 7 m2 d] ~ [1A1100 inch Ha ]




METEONORM Version 5.0 — Edition 2003 9

Graphical data output

METEONORM features a summary output showing the calculated data either in tables or
graphs. These results can be printed.

Temperature in [ *C ] Summory output

50 in graphs for the
40
a0 Taj Mahal site
20 (hourly values).
10

0

Feb kdar Apr [EET Jun Jul Aug Sep Ot Mo Dec Jan

Fradiation in [ W 4 m2 ]
400

300

Feb b ar Apr by Jun Jul g Sep Oct Mo Dec Jan

Radiation in [ kwh / m2 ] Temperature in [ °C ] Summary output
250 ¥ in graphs for the
200 30
150 o5 Taj Mahal site
A0 20 (monthly

50 15

0 10 values).
Jan  Feb Mar Apr May  Jun Jub Aug Sep Ot Mow  Dec
Jan

I radiation of global radiation horizontal [ Inadiation of diffuse radiation horizantal
1 Iradiation of global rad., tited plane Air temperature

Sunzhine duration in [hAd] Temperature in [ *C ]
16 50

Jan  Feb Mar Apr May  Jun Jub Aug Sep Oct Mow  Dec

Jan
B Sunzhine duration [ Ast Sunshine duration B Air temperature [mean / extreme)
Precipitation [mm] Days with precipitation [d]
250
200
150 o
100 5
1]
1] 1]
Jan Feb  Mar  Apr Map  Jun Jul Aug  Sep Oct Mov  Dec
Jan

I Frecipitation —+—  Dayz with precipitation
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Help, manual, maps and illustrations included
on CD-ROM

METEONORM is delivered on a CD-ROM which contains:

> setup and software, including data.
> advanced help file in English and German.
> user manual (80 pages, pdf files).

> seasonal maps of the world, Europe and the Alps for monthly and annual means of global
radiation and temperature in high quality pdf-format for printout

Acrobat Reader - [Theory_1.PDF] M= User manual
E File Edit Document Yiew ‘Window Help == x] in ACI’ObOf

Nes B[O T

<>l «» | OO0 6 Reader

3
j format.

Thaory Part 1 35 METEONCRM

6.4 Extraterrestrial solar radiation

Outside the earth's almosphers, the solar radistion intensity is 1388 Wirn® {lo) (64.1). A surface _I
exposed to the sun can only receive this value if it is placed normal to the direction of radiation. Any
daviation from this direction leads to a reduction of incident radiation. In the case of a surface lying
outside the sarth's atmosphers that is parallel lo the horizontal plane, the radiation is described as
exiralerresirial horizontal sclar radiation (Go). This radiation corresponds o the maximum possible
radiation which would occur at the sarth’s surface if it were unhindered by the almosphere and the
harizon.

Fig. 6.4.1;  Extralerrestrial solar radiation (Ge) and maximum radiation for clear sky (G ). LI
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System requirements

Operating system: Windows 95/98/NT/2000/XP

Minimum requirements: Pentium | chip. 60 MB of storage space on the hard disk.

For more information ask your
authorized METEONORM dealer or

visit www.meteonorm.com
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