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THE INTERNATIONAL ENERGY AGENCY
SOLAR HEATING AND COOLING PROGRAMME

International Energy Agency

The International Energy Agency, headquartered in Paris, was formed in November 1974 as an autonomous body
within the framework of the Organization for Economic Cooperation and Development to establish cooperation in the
area of emergy policy. Twenty-one countries are presently members, with the Commission of the European
Communities participating under a special arrangement.

Collaboration in the research, development and demonstration of new energy technologies to help reduce dependence
on oil and to increase long-term energy security has been an important part of the Agency’s programme. The [EA
R&D activities are headed by the Committee on Research and Development (CRD) which is supported by a small
Secretariat staff. In addition, four Working Parties (in Conservation, Fossil Fuels, Renewable Energy and Fusion) are
charged with monitoring the various collaborative energy Agreements, identifying new areas for cooperation and
advising the CRD on policy matters. ' '

Solar Heating and Cooling Programme

On of the first collaborative R&D agreements was the IEA Solar Heating and Cooling Programme which was initiated
in 1977 to conduct joint projects in active and passive solar technologies, primarily for building applications. The
twenty members of the Programme are:

Australia France Spain

Austria Germany Sweden
Belgium Italy : Switzerland
Canada Japan Turkey
Denmark Netherlands United Kingdom
European Community New Zealand United States
Finland Norway

A total of twenty projects or "Tasks" have been undertaken since the beginning of the Programme. The overall
programme is managed by an Executive Committee composed of one representative from each of the member
countries, while the leadership and management of the individual Tasks is the responsibility of Operating Agents.
These Tasks and their respective Operating Agents are:

“lagk )l Investigation of the Performance of Solar Heating and Cooling Systems - Denmark
*Task 2 Coordination of Research and Development on Solar Heating and Cooling - Japan
*Task 3 Performance Testing of Solar Collectors - United Kingdom

*Task 4: Development of an Insolation Handbook and Instrument Package - United States
*Task 5: Use of Existing Meteorological Information for Solar Energy Application - Sweden
*Task 6: Solar Heating, Cooling, and Hot Water Systems Using Evacuated Collectors - United States
*Task 7 Central Solar Heating Plants with Seasonal Storage - Sweden
*Task 8: Passive and Hybrid Solar Low Energy Buildings - United States
*Task 9: Solar Radiation and Pyranometry Studies - Germany
*Task 10: Material Research and Testing - Japan
“Alagk Il Passive and Hybrid Solar Commercial Buildings - Switzerland

Task 12: Building Energy Analysis and Design Tools for Solar Applications - United States

Task 13: Advanced Solar Low Energy Buildings - Norway

Task 14: Advanced Active Solar Systems - Canada

Task 16: Photovoltaics in Buildings - Germany

Task 17: Measuring and Modelling Spectral Radiation - Germany

Task 18: Advanced Glazing Materials - United Kingdom

Task 19: Solar Air Heating - Switzerland

Task 20: Solar Retrofit Systems for Buildings - Sweden

Task 21: Daylighting Systems - Denmark (in planning stage)

*Completed Task
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Legal disclaimer

The Design Reference Years described in this manual are the property of the producers in each
country.

Some of the Design Reference Years described in this manual are tentative, and for research or
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Design Reference Years, Users Manual

0. Summary

This manual gives a survey of data available in "Design Reference Years" (DRY) for some
locations in Europe.

A DRY is, like earlier Test Reference Years, a collection of climate data for a given location
and for one year, arranged as 8760 sets of hourly, simultaneous weather parameters. DRY’s
are used as input data for computer simulations of the all-year performance of solar energy
systems, and of indoor thermal climate and heating and cooling loads of buildings. Today
simulation programs are available using many climate parameters not present in the existing
TRY’s. The new Design Reference Years will therefore contain such data.

DRY’s contain, as hourly data: Dry bulb and dew point temperature, global, diffuse and direct
normal (beam) irradiance, wind speed and direction, cloud information, and some new
parameters measured in routine meteorological systems. The general rule has been to include
what is available for the location. Among new data especially to be mentioned are:

- INluminance, global, diffuse and beam.

- 5-min values of direct irradiance, for use with active solar systems.

- Weather forecast data, for simulations of “intelligent" building energy management systems.
- Longwave sky radiation.

Some parameters are considered mandatory, and generated if missing. Other parameters are
recommended for the new DRY s, although not at the moment available for al locations.

Design Reference Years are, like the earlier TRY’s, compiled from 12 months of measured
climate data for a location, in true sequences within each month. After the selection of 12
months an adjustment procedure has given each month true mean values and variances for the
most important parameters, corresponding to the multi-year period from which the DRY-months
have been selected, or corresponding to meteorological normals.

DRY’s have been produced for Oslo, Bergen, Andoya, Stockholm, Copenhagen, and 22 sites
in Switzerland. Some DRY’s may be labelled "Tentative, for experimental use only".

A detailed description of methods and computer programs available for the production of DRY s
can be found in "Design Reference Years, Producer’s Manual". (To be published)

The "Design Reference Years" and this "Design Reference Year Users Manual" are the outcome
of a working group. This manual is produced also as a possible paradigm for similar national
manuals in the national languages.

The work has been organized under the IEA Solar Heating and Cooling Programme task 9:
Radiation Data and Pyranometry, Subtask E: Representative Design Years. Participants in
subtask E have been Norway, Sweden, Switzerland, Italy and Denmark. (App. A). In Denmark
the work has been funded by the Ministry of Energy, under the Energy Research Programme.



1. Introduction

Design Reference Years are used as climatic data for computer calculations - simulations -
mainly of solar energy systems, and of building energy consumption, energy conservation,
indoor climate and comfort. '

DRY’s can be seen as a new generation of such data collections already known as Test
Reference Years in Europe or Typical Meteorological Year (TMY) or Weather Years for
Energy Calculations (WYEC) in USA. The advantages of DRY’s compared to existing TRY’s
are:

- more correct monthly mean values and standard deviations for many parameters

- some new parameters not available in the existing TRY s

- new types of parameters, eg 5 minute values for direct irradiance, or forecast
information to be used with simulation of * intelligent" energy management
systems.

A DRY consists of hourly values for a period of one year of a number of weather parameters,
considered important for the purposes mentioned above. Because of the large amount of data,
comprising 8760 hourly sets of many weather parameters, DRY’s are used only in connection
with computerized calculation methods. They are therefore provided on a data medium eg a
diskette. A DRY is valid for a limited geographical area only, and for most countries several
DRY’s are needed to cover the entire area.

DRY’s can be used either:

a) for a single project to calculate eg energy gain, consumption, loads, or mean values or
frequencies of temperatures or efficiencies, or illuminance. The evaluation of the results
must then be based upon experiences gained from earlier calculation or upon standards
or building codes, or

b) for comparison of two or more alternative project, eg by cost-benefit analyses.

The ability of a DRY to render reliable results for the two sorts of calculations depends on how

accurately it reproduces the local climate. Calculations of type a) will place the highest demands
of accuracy on the data, and DRY’s will most likely be better than existing TRYs.

1.1 Requirements

The basic requirements for a DRY (as for a TRY) are that it corresponds to an average year,
both regarding monthly or seasonal mean values, and occurrence and persistence of warm, cold,
sunny or overcast periods. It can be written as three requirements:

1 true frequencies, ie as near as possible true mean values over a longer period,
g a month, and a natural distribution of higher and lower values for single days;

I true sequences, ie the weather situations must have a duration and follow each
other like often-recorded courses for the location;

II1 true correlation between different parameters, ie temperature, solar irradiance,
cloud cover, wind etc.

Initially the working group intended to construct DRY’s in a fully synthetic way, using known
(we assumed) methods and available statistical values - means, variances and auto- and
crosscorrelations between different parameters - derived from measurements over many years.
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Our search did not revealed any method, which could handle correlations between many
parameters, and for many different weather situations. Although the requirement of I) could
be fulfilled by the generation of a synthetic year, from available mean values, standard
deviations etc., so far II) and I) could not be satisfied in this way, because many of the
relations between individual parameters cannot yet be described mathematically.

The use of real, measured data in the DRY is therefore still the only feasible way to obtain the
desired qualities of a DRY. Afterwards the DRY is then improved through an adjustment pro-
cess.

The justification for the three main quality demands mentioned above (I-II1) is derived from the
nature of the most common uses of DRY. Both solar energy systems and building energy
Systems contain a storage or "memory", which Justifies the demand for true frequencies and true
sequences (I-II). Furthermore, they both contain non-linearities, which in many cases prohibit
the use of superposition principles in the calculations, and which therefore cause the demand
for true frequencies and true correlations { and IID).

As a main purpose of DRY’s is to assess the influence of solar irradiance in solar energy
systems or in building climatology, it is necessary to give detailed solar irradiance data. Global
radiation on a horizontal surface alone is not sufficient. Although direct normal irradiance and
diffuse sky irradiance on a horizontal surface are not generally available as measured data, these
values must be available in a DRY. Otherwise most users are left into difficulties. Several
adequate procedures exist for splitting the global irradiance into direct-normal and diffuse
components utilizing global irradiance data alone, or combined with other weather parameters
eg cloud cover or sunshine duration.

A list of data requirements for various applications can be seen in table 1. It has been compiled
by mr. Toni Piintener (former at EMPA, Switzerland), based on questionairies answered by
many different user.

1.2 Production process

The production of DRY’s shows three steps:
- A selection process, where the "best" periods, normally months, are selected from
available machine-readable climatic data for the location. Preferably 10 years of data,

or more, should be at hand. [13.

- An adjustment process, where the selected "best" months are given the desired
long-term average values and standard deviations, [2] and

- processes where needed, missing parameters are derived from existing data.

The selection process precedes the adjustment process, the generation of other data, however,
is to some degree interwoven in the selection or the adjustment.

Before the selection process can start two important initial steps must be taken:
- Selection of sites for which DRY should be created, and

- a careful check of the daily values of the parameters used for the selection
process.



After the selection process hourly values used for the adjustment procedure must be checked

especially regarding extreme values.

Table 1. Data demands for Design Reference Year for various applications.

Application ACT PAS BEN BEC STS POL{ new
DRY

Parameter ?

(Year), month, day, hour h h h

Dry bulb temperature (dbt) h 3 h

Daily max and min dbt 12

Ground temp.

Vertical temp. profile, or inver- 3 ?

sions

Global irradiance h h h h h h h h h

Direct normal irradiance m h h h h h h h m,h

Diffuse irradiance h h h h h h h h h

Longwawe rad. or sky temp. h h h h h h

Spectral distribution ?

or color temp.

Hluminance 3 h

Turbidity h

Total cloud amount h h

Cloud type, 3 or 4 layers 3

Cloud amount, lowest layer 3

Equivalent opaque cloud amount h

Dewpoint or wet bulb temp. h

or relative humidity

Entalpi

Wind speed and direction h h h

Pressure 3

Surface conditions, snow d

Weather type 3 3

Precipitation d

Visibility 3

Forecasts, per 12 or 24 hour dor 12

Applications:

ACTive Solar, PASsive solar system
INdoor (thermal) Climate,

Building Energy calc. No cooling
Building Energy calc. with Cooling
ILLuminance, Photo Voltaics

Seasonal Thermal Storages, POLlution

Time intervals:

synoptic data are sufficient

12 - hour values

daily values

interval < | h eg 5 min, or hourly

less important data
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1.3 Selection of sites for Design Reference Years

A number of criteria must be considered for selection of sites for DRY. Desirable are:
A site with high activity economical and regarding construction. Town, or airport near town.

Meteorological data available with an acceptable quality and for 10 years or more. The most
recent period available should be used. Preferably hourly data, however, tri-hourly (synoptic)
data can be used.

Sufficient data available, including global irradiance, and diffuse irradiance, or sunshine
duration or cloud cover and types to enable a generation of global, diffuse and direct normal
irradiance. Use of stations with at least measured hourly global irradiance is strongly recom-
mended. Generation of hourly irradiance data from sunshine duration alone, or cloud data alone,
is possible, but should be avoided for this purpose.

Sites shall be selected considering the orography (mountains, distance to oceans), population
centers, distance to other DRY locations, and national climatological descriptions, and also, and
that is normally the most important question, where measured climate data of good quality are
available for many years.

After the successful production of a DRY, two limitations should be remembered:

- The DRY should not be considered a climatological description of a specific town or a
region. A DRY is merely a tool for calculations (simulations) with computer pro-
grammes.

- Within each region for which a DRY is valid there might be difference in climate, but
generally the deviations from the locations for which DRY has been generated should
be small compared with the deviations from year to year. Very particular orographic
conditions (eg mountains) for a given location, make the DRY for that region less repre-
sentative, or usable for a limited area only.

1.4 Selection method

Several adequate selection methods have been developed for the generation of TRY’s (in
Europe) or TMY’s (in USA).

The method described here is the "Danish” method used for some of the EEC TRY’s and
described in [1]. It contains two parts: A climatological evaluation, "Criterion A", in which 10
-20 parameters are treated, and a mathematical selection ("Criteria B and C") where three
parameters are treated statistically.

In the climatological evaluation mean values and standard deviations for the month are checked
to be within plus or minus one standard deviation from the multi-year mean for the month.
Otherwise the month is flagged. The parameters evaluated during the selection of months for
the Danish Design Reference Year are monthly values of:

- Mean temperature

- Average of daily maximum and of daily minimum temperature
- Frequencies of wind velocities and wind directions

- Pressure

- Sunshine hours



- Precipitation

- Relative humidity

and, with less weight in the evaluation:

- Absolute monthly maximum and minimum temperature

- Days with precipitation

- Number of clear days, overcast days and days with fog
For the winter months:

- Number of frost days, ice days and days with snow

- Days with snow cover
For the summer months:

- Number of days with maximum temperature > 25°C

- Days with thunder

Each month is given a qualification character Qualified, Acceptable, Poor, but usable if no
better exists, or Impossible, according to the number of flags and parameter.

The other part is a mathematical selection ("Criteria B and C)" based on means and variances
for three important daily values: Dry bulb temperature, daily max. temperature and global
irradiance. This selection gives three months with the best priorities, and of these the month
with the best qualification is chosen.

For locations at high latitudes, eg Copenhagen, global irradiance is substituted by sunshine
hours during four winter month.

For other locations with a cooling need daily max. temperature could be substituted by enthalpy
or dewpoint temperature.

Other methods for selection of months or shorter or longer intervals exist, and can also deliver
absolutely useable results. [13, app. G. in 1].

A paper by C.R. Ratto and R. Festa describes a modification of the “Danish" method using
Kolmogorov - Smirnov statistics for the mathematical selection. [11].

1.5 Adjustment method

The hourly values of the most important weather parameters to be presented in the DRY are
adjusted so that the distributions, month by month, in the DRY are in accordance with the
respective distributions in the source weather data set. For each parameter all hourly values for
a month in the source weather data set are arranged in ascending order by value. For a 15-years
source data set, this gives 11520 hourly values for a 30 days month. Similarly, the 720 hourly
values in the DRY-month are sorted in ascending order. Each DRY-hour value is then
substituted by the median value for the corresponding fractile from the multi-year data set.
Finally, the new DRY hour values are turned back into their original, chronological order.

This adjustment is performed on dry bulb temperature (dbt), wind velocity and normal
irradiance. Daily max. and min. dbt are adjusted like the highest and lowest hourly value for
the day.

Dewpoint temperature (dpt) is adjusted for each hour like the dbt, keeping the relative humidity
(nearly) unchanged.
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For Copenhagen the global irradiance is adjusted. Then the hourly values of direct normal
irradiance are calculated from the global and the diffuse irradiance. For most other DRYs the
adjustment is made on the direct normal irradiance, and then a new value of global irradiance
is calculated from diffuse and direct.

Finally "jumps" by change from month to month, from different years, are smoothed over 6

night hours, for dbt, dpt and wind speed and long-wave sky radiation. For the Danish DRY 10
hours were needed for the January-February jump.

1.6 _Corrected data

A large number of correction has been made in the input data, most of them after a careful
visual inspection of the entire weather situation. This chapter describes the corrections made of
the Danish data, and reflects experiences gained here.

The input data for a TRY selection are daily values, for Copenhagen 15 years.

For identification of "suspicious" days tests are made on temperatures, and on irradiances versus
sunshine duration. Five tests are made on temperatures:

1 Missing values, or values given with -999,
Difference between daily mean temperature and daily max. hourly temperature exceeding
a given limit.
For Copenhagen the limit is, for 12 months: 4,4.5,5,6,7,7,7,17, 6, 5, 4.5, 4.
3 Difference between daily mean temperature and daily max.instantaneous temperature
exceeding a given limit.
For Copenhagen same limits as by item 2.
Daily max instantaneous temperature lower than daily max. hourly temperature,
Difference between daily mean temperatures for two consecutive days equals or exceeds a
given limit, for Copenhagen 4°C.

w A

One test is made on global irradiance versus sunshine duration:
Daily sum of global irradiance Gs is checked against an empirical expression, derived from

Danish data, for day n (1-365) and actual sunshine duration SS in h, giving the “probable
maximum daily sum of global irradiance":

Gsmax = 1470 (1 + 0,135 SS + 0,15 SS )
~1080(1 + 0,09SS + 0,18 {/SS ) * cos((n + 15) * 27/365) Wh/m? day

For days where Gs = 1.2*Gsmax then global irradiance and sunshine duration are checked,
if possible also the hourly values for the day.

All corrections are made manually, after a visual inspection of the total weather situation, and
where possible after a comparison with nearby stations.

February 29 in leap years is removed.

After the correction of daily data, the selection of months for the TRY is made, the hourly data
are assembled and hourly direct normal radiation is computed.
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Only radiation is always available as hourly data, temperatures and other data are for some
years hourly data, for other years synoptic data only, at hour I,4,7---22, LST.

The hourly data are then checked, for hour h against hour h-1:
Dry bulb temp. T,: | T,-T,, | <4°C
or for months with synoptic values only
T,-T,; | < 8°C
Dew point temp. T, T,-20< Ty, = T,

Global radiation G is compared with a "probable clear sky" global radiation Gmax and correc-
ted if G - Gmax > 50 + 0,2 Gmax W/m?2.

Inconsistencies between global and diffuse radiation and sunshine duration are checked.
Normally the global radiation value is considered most reliable. The sunshine duration delivered
in the input data is used only for quality control. The sunshine duration values in the Danish
DRY are derived from computed 5-minutes values of direct normal radiation.

The diffuse irradiance is corrected for shading band, however, monthly mean of the difference
(G - D) for day hours with sunshine duration = O indicates errors in the shading band
correction or/and the calibration factor for the pyranometers for global and diffuse radiation.
For each af the 180 months used, the diffuse radiation has been adjusted with a factor (for
Danish data in the range 0,95 - 1,07), which brings a low (but not zero) number of hours with
D>G.

For some months also fractions of the month has been corrected seperatly, and some single days
and hours have been corrected manually.

2._Availability of Design Reference Years

For a number of locations Design Reference Years have been produced, and are available for
commercial, technical and research purposes. DRY’s are ready for locations in Denmark
Norway, Sweden and Switzerland. Regarding locations and sources, see app. B.

Production and distribution (sale) of DRY’s should be left to a single or few, competent
organisations or institutions in each country, and DRY’s should be produced for a limited
number of locations in each country only.

Area of validity for a TRY was earlier estimated to appr. 400 x 400 km, in uniform landscapes,
and considerably less in mountainous areas [2]. That could also be used for DRY’s.

2.1 Restrictions for use

It is the intention that the Design Reference Year, DRY, documented in this manual and in the
Design Reference Year Producers Manual, should be the common basis of outdoor climate data
for many HVAC and energy simulations.

To ensure that calculations based on the DRY really will be comparable, the following
restrictions for using the weather data of a DRY have been defined:

1. The Design Reference Year should not be copied or handed over to other institutions or
companies. Distribution of DRY should be handled by the parent institutions or
appointed distributors only. Errors in a DRY must be reported to the parent institution.
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2. Nothing should be modified in or added to the data of the Design Reference Year, DRY.
It is permissible to make extracts from DRY, ie to omit al| data of a certain sort, eg the
wind velocity or the weather symbols.

3. When selecting data from the DRY for calculations, where only certain values are used,
it has to be documented when referring to "Design Reference Year" for the location,
how these data have been selected or extracted.

4. The designation "Design Reference Year" or "DRY" should be used for data or
indicated in connection with calculations or results only if the above-mentioned
conditions are observed.

5. Design Reference Years, labelled "tentative" should be used for research or experimental
use only. Results obtained with “tentative” DRY’s should be indicated as such.

3. Parameters in the Design Reference Years

(The information here refers to the Danish DRY, for Copenhagen. It must be corrected for
other locations).

All data are given per hour unless otherwise specified. All data are mean values for the
preceding hour, unless otherwise specified. All data are measured at Verlose Air Base, unless
otherwise specified. Global and diffuse irradiance, and sunshine duration used for the selection
process, are measured at Taastrup, 12 km South of Varlgse.

The record format follows the recommandation originally set up for Test Reference Years [12].
(Table 2 and 3).

Station name or number. The name, abbreviated if necessary, or the WMO station number.

Time indicator _ for irradiance measurements. Global irradiance is measured for the preceding
hour, to True Solar Time (TST) or Local Standard Time (LST), indicator T or L. Data
measured to True Solar Time are not recalculated to Local Standard Time.

For the Danish DRY the indicator is L, (Local Standard Time ~ Central European Time,
CET). Please observe the difference to the Danish TRY’s (from 1973 and 1980) where
irradiance values were given from 30 minutes before to 30 minutes after the full hour
(indicators I or F, which are still used for some stations).

Dry bulb temperature. Measured 2 m above ground, shaded from radiation. 0.1°C. Adjusted.

Dew point_temperature, 0.1°C. Measured. Adjusted in such a way as to keep the relative
humidity unchanged.

Maximum and minimum dbt. Given at h 7 and h 19 for the preceding 12 hours. 0.1°C.
Instantaneous values, read from max or min thermometers, or read from automated equipment,
Adjusted, following the highest and lowest hourly dbt.

Wind direction and wind speed. Measured 10 m above ground, mean value for 10 minutes.
Direction is given as deka-degrees from north. 09 is east, 18 south, 27 west, 36 north, 00 is
calm and 99 is unsteady, low speed. Wind speed, 0.1 m/s. Wind speed is adjusted.
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Barometric pressure Station pressure, not reduced to sea surface. Corrected for temperature.
0.1 hPa. Not adjusted.

Sunshine time. Given for day hours. Derived from computed 5 min values of direct normal
irradiance, threshold value 120 W/m2. Minutes.

Global irradiance, on a horizontal surface, W/m2. Measured at Tastrup. Adjusted.

Diffuse irradiance on a horizontal surface. Measured. W/m2. Not adjusted.

Direct normal irradiance (beam irradiance). W/m?2. Derived from diffus and adjusted global
irradiance and solar altitude. Given as hourly value and, if > § W/m?, in a separate, following
record, as computed 5-minutes values. (For Copenhagen not adjusted. For most other DRY’s
the adjustment is made on direct normal irradiance, and not on global irradiance).

(Year), month, day. For the Danish DRY year is given as "12". The format allows its use also
for real, measured, unprocessed data, with the year given with last two digits.

Hour, local standard time. If the irradiance data are measured to True Solar Time it is indicated
in the "Time Indicator". Summer-time or Daylight Saving Time is not used, always Winter
time.

Continuation, 0 or 1. 1 indicates a following record for the same hour, with 5-min. values of
direct (beam) irradiances.

About some of the new parameters:
Hluminance

Iluminance is given in the same way as irradiance, as global illuminance on horizontal, diffuse
illuminance on horizontal, and direct normal illuminance.

As illuminance is not normally available as measured data for the sites where the other
parameters in the DRY are collected, the values are derived from the irradiance values, solar
zenith angle and cloud cover, precipitable water or turbidity, according to the method proposed
by Perez et al. [8].

Cloud cover

Cloud observations are processed to two parameters only: Total cloud cover, as N in the Synop
-weather data, and an "equivalent opaque cloud amount" in which high, partly transparent
clouds are reduced by a factor 0,5 or by individual factors for the most common transparent
cloud types for the location. [9].

Cloud amounts are normally observed and recorded either in oktas or tenths. To obtain a
common format independent of the original recordings, a scale 0-80 is used, also giving room
for fractions of tenths or octas in the computed values "Equivalent opaque cloud amount".

If cloud observations are not available for the location a computed value should be derived from
the global irradiance, at least for solar zenith angles < 80 degree, or from hourly sunshine.
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Pos Freq Format Col.
1. Station name or number h AS 1-5
2. Time indicator for rad. measurements h 11 6
3. Dry bulb temperature, 0.1°C h 14 7-10
4. Dew point temperature, 0.1°C or % h 14 11-14
S. Global irradiance W/m? h 14 15-18
6. Diffuse irradiance W/m?2 h 14 19-22
7. Direct normal irradiance, beam W/m? h 4 23-26
8. Downward longwawe irradiance W/m? h 14 27-30
9. Illuminance, global, lux h I5 31-35
10. Illuminance, diffuse, lux h I5 36-40
11. Illuminance, direct normal, lux h I5 41-45
12. Total cloud amount 0-80, observed h 12 46-47
13. Equivalent opaque cloud amount 0-80 3horh 12 48-49
14, Sunshine duration, minutes h I3 50-52
15. Wind direction, deka-deg h 2 53-54
16. Wind speed 0.1 m/s h I3 55-57
17. Indicator for special data (= 0) h 12 58-59
18. Maksimumtemperature 0.1°C 7 & 19 4 60-63
19. Minimumtemperature 0.1°C 7& 19 14 64-67
20. Pressure hPa 3h I4 68-71
21, Precipitation 0.1 mm 1,7,13,19 I4 72-75
22. Weather WW 3h I2 76-77

23-24. Weather since last observation W1 and W2 3h 212 78-81
25-27. Empty 3X 82-84

28. Relative humidity h I3 85-87

29. Solar altitude 0.1°, visible h 14 88-91
30-32. (Year), month, day. (For DRY, year = 12) h 312 92-97

33. Hour, local standard time, 01-24 h 12 98-99

34. Continuation, 0 or 1 h I1 100

Table 2. Design Reference Year Format, Recommended
1. record, all hours, 100 characters

Special data, pos 17-29, tentative, example for Copenhagen. This group of data must be tailored
to utilize locally available data as well as possible.

Precipitation at h 1 and h 13 is integrated over 6 hours, at h 7 and h 19 over 12 hours. Daily
sum = h 7 4+ h 19.
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Pos. Format Col.

1. Direct normal irradiance, computed highest I5,1X 1-6
clear sky intensity for the hour, W/m?

2-13. Computed 5 min. intensity, % of pos. 1 1213 7-42
14-16. | Month, day, hour 1X,3I2 43-49
17. Continuation (here always 0) » 11 50

Table 3. 2. record, for day hours with direct normal irradiance > 5 W/m? only. 50 characters

This cloud cover will be strongly related to the cloud near to the position of the sun. That is
permissible because the accuracy demands are normally low for the cloud data used in various
application programmes, eg for distribution of diffuse irradiance from the sky.

If cloud cover is to be used for generation of longwave irradiance from the sky, especially
during the night hours, the accuracy demands are higher stressed, and real observations are

desirable.

Longwave downward irradiance

Longwave downward irradiance is important during night hours. During daytime it is normally
masked by the shortwave irradiance. It is most often not available as a measured value. It is
therefore computed from dry bulb temp., humidity, cloud amount, types and altitudes of various
cloud layers. [4]. If cloud data are not available for night hours the cloud data must be
extrapolated from the last evening hours or the first morning hours, or interpolated between
them.

Short time variations

Hourly values of climatic data are normally sufficient for todays common applications, except
for active solar systems. For active solar systems with lightweight absorbers and suitable
control-systems, increased average efficiency is computed in simulations, as well as measured
in reality, if short time-interval values of irradiance are available.

Analyses by Olseth and Skarveit [5] have shown that especially for direct irradiance there is a
clear bimodality in cloudy weather - the sun is either visible or covered - and this bimodality
is practically the same for instantaneous values, through 30 sec average, 2-min. or S-min.
averages. Averages over more than 5 min. reduce the bimodality. Although this 5-min. limit
might possibly be site-dependant we have chosen 5-min. values of direct irradiance as a
sufficient short time interval.

Short time interval values are not normally available as measured data. They are computed
using a model by Olseth and Skartveit [6], using the variation in hourly global irradiance.

Only direct normal irradiance is given as S-min. values. The diffuse irradiance can be
considered constant, or interpolated between hourly values.
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Forecasts

Forecasts can be used for the simulation of “intelligent" energy managements systems,
preferably with short time horizons, 1-3 days.

Such forecasts should contain dry bulb temperature, windspeed and cloud amount. In regions,
where air condition is frequently used, also a humidity parameter should be included in the
forecast. The forecast data should be given as numerical values, and as they are delivered today
from the National Meterological Services.

Because the form of presentation of forecasts has changed much in recent years, and the time
horizon for the routine prognoses has grown to five days, it might well happen that 10-year old
forecasts do not fulfil the present requirements, or cover less than five days. Then an
experienced meteorologist should be asked to create "forecasts" for the older months in DRY,
based on the available parameters and corresponding to todays forms.

Forecasts will later be included in the Danish DRY.

4. The Danish Design Reference Year

This chapter gives a brief climatological description of the sites, and tables 4A and 4B compares
means and extremes from the DRY with values from the source data ("1975-89") and with
meteorological normals for Denmark, generally for 1961-90.

The data for the Danish Design Reference Year are taken from 16 years, 1975-1990, for
Vearlese, a military air base, 17 km NW of Copenhagen. Hourly values are from Synop
records. Irradiance data are from the agricultural research station Hejbakkegaard at Téstrup 12
km S of Verlese. 12 months in 1987-1990 have been discarded due to larger lacunes for one
or more parameters, giving 15 years for the selection ("1975-89").

Short description of climate for the Danish Design Reference Year sites

Copenhagen, Denmark.

Denmark is, apart from Greenland, part of the northern temperate zone. Airmasses of maritime
origin are most common, however, in appr. 2000 h yearly we receive dry, continental
airmasses. Both situations are possible in all months, with easterly winds most often, relatively,
in the first half of the year. Further, because the temperature is generally rising in the first half
of the year, humidity and precipitation is generally low during the spring.

The dominant wind direction is for all stations and all months W or SW, although all months,
and especially February through May and October - November show a large number of E or
SE winds. The wind is most seldom from north.

Sunshine hours show small variations over the area of Denmark. This variation is smaller than
the variation form year to year.

Generally Denmark, apart from the Faroe Islands and Greenland, can be considered as a single
zone, with only one DRY needed.
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4.1 Tables, monthly values of important parameters.
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A number of scientists have participated in the work in IEA, Solar Heating and Cooling
Programme, Subtask 9 E, "Solar Radiation and Pyranometry Studies".

Hans Lund
Thermal Insulation Laboratory Phone: (45) 4593 4477
Technical University of Denmark Fax: (45) 4593 1755

Building 118
DK-2800 Lyngby, Denmark

Jan A. Olseth Phone: (47) 55 212892
Arvid Skartveit (47) 55 212893
Geophysical Institute
Division of Meteorology Fax: (47) 55 960566
University of Bergen
Allegt. 70

N-5007 Bergen, Norway

Jan A. Olseth is also at the Norwegian
Meteorological Institute, Bergen

Bjorn Aune
Norwegian Meteorological Institute Phone: (47) 22 963000
P.O.Box 43 Blindern Fax: (47) 22 963050

N-0313 Oslo, Norway

Lars Dahlgren
Swedish Meteorological Phone: (46) 11 158186
and Hydrological Institute Fax: (46) 11 170207
S-60176 Norrképing, Sweden

Toni Pintener (until Nov. 1989)
Katharina Mathis (until 1992)
J. Heierli (since 1992)

EMPA ' Phone: (41) 1 8235511
Uberlandstr.129 Fax: (41) 1 8216244
CH-8600 Diibendorf
Switzerland
Roberto Festa Phone: (39) 10 3536 407
Corrado F. Ratto (39) 10 3536 257
Dipartimento di Fisica Fax: (39) 10 3133 58
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Via Dodecaneso 33
I-16146 Genova, Italy

Several other scientists, in task 9 or outside, have also delivered valuable information, datafiles
or algoritms.
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App. B.

Design Reference Years in Europe
State as on Januar 1995.

The Design Reference Year (for Switzerland, Sweden, N orway and Denmark) are produced according
to methods agreed to in IEA Solar Heating and Cooling Programme, Subtask 9 E, Solar Radiation and

Pyranometry Studies.

Switzerland Longitude Latitude Altitude
m.a.s.l.

Altdorf ALT 8¢ 38’ E 46° 52’ N 449
Basel-Binningen BAS 7° 35’ E 47° 33' N 316
Bern-Liebefeld BER 7° 25’ E 46° 56’ N 565
Chur-Ems CHU 9¢ 32' E 46° 52' N 555
Davos DAV 9¢ 51’ E 46° 49' N 1590
Geneve-Cointrin GVE 6° 8’ E 46° 15’ N 420
Glarus GLA 9°¢ 4' E 47° 2' N 515
Interlaken INT 7° 52’ E 46° 40’ N 580
La Chaux-de-Fonds CDF 6° 48’ E 47° 5’ N 1018
Locarno-Magadino MAG 8° 53’ E 46° 10’ N 197
Luzern L.UZ 8¢ 18’ E 47¢ 2’ N 456
Samedan-St.Moritz SAM 9¢ 53’ E 46° 32' N 1705
Sion SIO 7° 20’ E 46° 13’ N 482
St.Gallen STA 9° 24" E 47° 26’ N 779
Zirich sMa SMA 8° 34' E 47° 23' N 556
Zuirich-Kloten KLO 8° 32' E 47° 29’ N 436
Payerne PAY 6° 57’ E 46° 49' N 490
Pully PUY 6° 40' E 46° 31' N 461
Wynau WYN 7° 47" E 47° 15 N 422
Guettingen GUT 9° 17' E 47° 36’ N 440
Lugano LUG 8° 58’ E 46° 0' N 273
Montana-Vermala MVE 7° 29’ E 46° 19’ N 1508
Sweden

Stockholm (tentative) 18° 4' E 59¢ 21’ N 30
Norway

Oslo 10° 44" E 59¢ 56’ N 94
Bergen 5¢ 19 E 60° 24’ N 45
Andova l6° 18’ E 69° 9’ N 10
Denmark

Copenhagen cop 12° 19" E 55° 40’ N 19
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Where to get DRY files (diskettes)

Denmark

Thermal Insulation Laboratory
Technical University of Denmark
Building 118

DK-2800 Lyngby

Tel.:  (45)45 93 44 77

Fax: (45) 4593 17 55

Switzerland

DRY S

Swiss Federal Laboratories for Materials
Testing and Research (EMPA)
Ueberlandstr. 176

CH-8600 Diibendorf

Tel.:  (41) 1 82355 11

Fax: (41) 1 821 62 44

Sweden

Swedish Meteorological and Hydrological

Institute

att.: Mr Lars Dahlgren

S - 60176 Norrkoping, Sweden
Tel.:  (46) 11 15 81 86

Fax: (46) 11 17 02 07

Norway

Norwegian Meteorological Institute
Dep. of Climatology

P.O.Box 43 Blindern

N - 0313 Oslo, Norway

Tel.:  (47) 22 96 3000

Fax:  (47) 22 96 3050

Meteonorm ‘95 version 2.1 (incl. 22 DRYs):

Nova Encrgic GmbH
Schachenallee 29, 5000 Aarau

Tel.: (41) 564416080 - Fax: (41) 56-441+-20-15
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