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ABSTRACT
Nowadays thermal, environmental
performance of buildings and systems are

investigated mainly through building simulation
software. The prediction of the building performance
requires an updated long-term weather database by
the generation of a comprehensive database, so-
called Typical Meteorological Year (TMY).
However, the majority of methods and studies on the
generation of TMY are employing the default
weighting indices, resulting in a gap of basis of
assigned factor for meteorological parameters. In
essence, this paper investigates the impact of
weighting factor and climatological variables, on the
implementation of TMY in particular simulation
studies. A statistical analysis has been carried out,
and the results show that for solar applications, the
TMY mainly driven by the global radiation,
demonstrate the best performance. Similarly, for the
simulation case of a wind turbine, the best
performance achieved by the TMY, based on the
wind profile. The cooling and heating mode of a
building are better described by the weather data set
that is influenced from all the meteorological
parameters. Thereby, on enhancing the precision and
accuracy of results at building simulation analysis,
the weighting factors of the environmental
parameters must be driven by the intended use of the
weather file.

INTRODUCTION

Building simulation is routinely applied for
energy and environmental performance assessments
of buildings. One of the key requirements for
building simulation is an updated long-term weather
database, representative of the climate of the area
under investigation. Various approaches are
available for the generation of typical weather data;
most notable one is the Typical Meteorological Year
(TMY), which has found worldwide acceptance as a
practical method. TMY is produced by aggregating
typical meteorological months (TMM) from a multi-
year database of observed weather parameters (e.g.
temperature, humidity, wind speed and direction,
solar radiation, rainfall, etc.) at a suitable time-step,
typically hourly resolution.

Currently, there are different methods to
generate a TMY data series. Their main difference is
the statistical approach to identify the selection of the
most typical data for the construction of the TMY, as
well as the weather indicators, accuracy and
complexity of each method (Argiriou et al. 1999).
Some of the most recent methods are the Sandia
method, the Danish method, the Festa-Ratto method,
the Miquel-Bilbao method which is based on weather
meteorological data and not on solar radiation, Crow
method and Gazela-Mathioulakis method. Extensive
comparison between these methods has been carried
out (Ebrahimpour and Maerefat 2010; Skeiker 2007,
Argiriou et al. 1999; Janjai and Deeyai 2009) and the
results demonstrated that the majority of the methods
have a similar performance. However, the Sandia
method is the most widespread approach for the
generation of TMY due to its simplicity (Janjai and
Deeyai 2009).

Recent reviews of the weighting indices of
Sandia method, has identified that the most of the
methods are using the highest weighting index for
solar radiation. Hall et al. stated that the indices are
influenced by the intended use of TMY (I.J Hall et
al. 1978). However, in the most cases the generation
of TMY is based on the default weighting indices.
This has resulted in discrepancy over selecting
appropriate  weighting indices for building
simulation. Thus, this paper aims to investigate the
impacts of the weighting indices during the
generation of a TMY and as a result, the
performance of building simulation.

Throughout the study there will be a
development of TMYs with different indices for
numerous climatological parameters. Such TMY's
will be used for the simulation analysis of particular
cases such as solar thermal application, wind turbine
and heating/cooling mode of a residential building.
The findings will be compared to the long term (LT)
average and 2012 actual data (AD) weather files in
order to investigate the effect of weighting indices
for different environmental variables.

TMY SELECTION PROCEDURE

The Sandia method is an empirical approach
where a TMY is composited by 12 calendar months
(Ebrahimpour and Maerefat 2010). The generation of
the meteorological data file lies upon the statistical
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DQDONVLY RI VHYHUDO ZHDIKHU SDUDPHIHW DQG HKHLU
ZHLIKILQJ IDFIRUWV Sl WKH LQLILDO VIDIH +D00 Hil D0 XVHG
SDUDPHIHWV IRP D \HDUV SHULRG , - +D00 Hil DO

7KHVH ZHUH IKH PD[LPXP PLQLPXP PHDQ
DQG UDQJHV RI GU\ EXOE DQG GHZ SRLQH IHPSHUDIXUH
ZIQG YHORFUN DQG IRID0 GDLO\ VRIDU UDGLDILRQ
7KHUHDIIHU  DXIKRW JHQHUDIHG 70O<V EDVHG RQ
GLITHUHQI FOLPDILF YDULDECHV DQG ZHLIKILQJ IDFIRWV DV
VKRZQ LQ IKH 7DEOH

7KH JHQHUDILRQ RI IKH 7O< ZL00 GHSHQG XSRQ
IKH PD[LPXP PLQLPXP DQG PHDQ RI GU\ EX(E
IHPSHUDIXUH UHODILYH KXPLGL\ PD[LPXP DQG PHDQ
Z1QG YHORFLIN DQG IKH IRID) GDLO\ VRODU UDGLDILRQ
ZHDIKHU LQGLFHV

7KH SURFHGXUH LV FRQVVIHG E\ WZR VXE
SURFHWHY  7KH 1LVl LV WKH VHOHFILRQ RI WKH ILYH
FDQGLGDIH \HDW IRXQGHG RQ IKH )6 VIDILVILFV 7KLV
DSSURDFK DGRSIHG E\ WKH PDIRULIN RI UKH PRGLILHG
6DQGLD PHIKRG 7KH ODIHU LV WKH ILQD0 VHOHFILRQ RI
700 GULYHQ EN WKH SHUVLVIHQFH VIUXFIXUH R1 WKH ILYH
FDQGLGDIH PRQIKV S5l IKH GHIDXOI 6DQGLD YHUWLRQ +DQ0
Hi D0 HYDOXDIHG SHUVLIHQFH RI ZHDIKHU SDUDPHIHWY EX
GHIHUPLQLQJ WKH IUHTXHQF\ DQG UXQ (HQJIK DERYH DQG
EHRZ RI IL[HG SHUFHQILOHV , - DI HI DO
+RZHYHU JLYHQ WKH VLJQLILFDQI QXPEHU RI VIXGLHV
DGRSIHG UKH 3LWLPDQLY PHIKRG BNHLNHU "H
OLIXH0 DQG %LOEDR -DOIDL DQG ™ HH\DL
SUILULRX HIl DO BNHLNHU DQG *KDQL KH
FXUHQI VIXG\ ZL00 EH EDVHG RQ LIV DSSOLFDILRQ 7KH
PHIKRG LV EDVHG RQ VLPSOHU DQG LQIXLILYH IRUPXDV IRV
IKH VHOHFILRQ RI 700 GNHLNHU

SGGLUILRQDIN L LV FUXFLDO IR KLIKOLIKY IKH
PDQLSXIDILRQ Rl HWRQHRXV DQG  PLWLQJ  GDID
SFFRUGLQJ IR ZHYHUPRUH DQG 3DUNLQVRQ /HYHUPRUH
DQG 3DUNLQVRQ D IUDFILRQ RI RI HUURQHRXV
GDID LV DFFHSIDEOH IRU IKH JHQHUDILRQ RI 70< ,Q
DGGLILRQ LI WKHUH DUH JDSV LQ GDID IRV D SHULRG RI IR

KRXUV IIKH 0LQHDU DQG SRONQRPLDO LQIHUSRIDILRQ ZL00
DSSOLHG DV SURSRVHG E\ &KHQ DQG &IDULGIH &KHQ
DQG  &IDULGIH (WHQILDIN ~ #ZHOYH  INSLFD0
PRQIKY ZL0) FRQFDIHQDIHG R IRUP D INSLFDO
PHIHRURIRJILFDO \HDU ,Q D00 7O<V KH IUDQLILRQ ILRP
RQH PRQIK IR QH[V PRQIK KDV VPRRIKHG XVLQJ WKH
0LQHDU LQIHUSRODILRQ R1 IKH UHDO YDOXHV IRU ~ KRXUV

Selection of five candidate months

7KH VHHFILRQ RI WKH ILYH FDQGLGDIH \HDWV
LQYROYHV IIKH H[DPLQDILRQ RI IKH FORVHQHW IR IKH 0RQJ
IHUP GDIDEDVH 7KH SURFHGXUH UHSHDIHG LQ D VLPLIDU
PDQQHU IRU DI FDOHQGDU PRQIKV )RU KLV VIXG\ IIKH
0RQJ IHUP GDIDEDVH LV FRPSRVLIHG E\ GDID IURP IiKH
UHFHQI GHFDGH

7KH FORVHQHW RI HDFK \HDU IR IKH 0RQJ IHUP
LV H[DPLQHG E\ IKH FRPSDULVRQ RI IKH VKRUI DQG 0RQJ
IHUP FXPXDILYH GLWULEXILRQ IXQFILRQ &™) HKURXJK
IKH )LQNHOVIHLQ 6FKDIHU )6 VIDILVILFY ,Q D JLYHQ
PRQIK IKH GDLO\ DYHUDJHV UHIHUHG IR DV “short
term” = KHQ IKHVH DYHUDJHG IRU IKH ZKROH SHULRG RI
GDIDEDVH IKHQ IKH\ FDOHG “Zong term” 7KH VKRUI DQG
0RQJ IHUP FXPXODILYH GLVIULEXILRQ IXQFILRQ &™) RI
ZHDIKHU LQGH[ LH WHPSHUDIXUH LV GHIHUPLQHG EX D
PRQRIRQLF  LQFUHDVLQJ  IXQFILRQ &™) [ ZKHQ D
QXPEHU Q RI REVHUYDILRQV RI IKH ZHDIKHU YDULDECH [

Table 1 Weather parameters and assigned weather indices
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are available and have been sorted into an ascending
order Xi,X,,....,.X,. Equation 1 expresses the CDF.

r BKNOT;
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The following Equation 2 calculates the FS
statistics between the short and long term CDF for a
given month:

(5:Ud ;L2 Al &(Ts F% &6 :Tu+ (2)

>
¢
where FS.(y, m) is FS (y, m) statistics for each
weather index x (y-year and m-month); CDF,, is the
long-term and CDF, p, is the short term (for the year
y) cumulative distribution function of the weather
index x for month m and N is the number of daily
reading of the month (i.e. February N=28).

Finally, the five candidate years for each
month selected with respect to the smallest score of
the Weighted Sum (WS). The WS is the aggregation
of FS statistics of the nine climatic indices that
multiplied by their assigned weighting factor.

95:Ud ; L Afm 9 ((5:Ua ; 3)

, where WS(y, m) is the weighted sum for the month
m in the year y, WF, is the weighting factor for the
Xn weather index and M is the number of the
meteorological indices.

Final selection of TMM

The final selection of the typical
meteorological months (TMM) carried out by the
examination of the persistence structure of the five
candidate years.

According to the aforementioned, the
Pissimanis method applied, which founded on a
simpler method to examine the persistence of mean
daily values of weather variables by the utilization of
RMSD (Pissimanis et al. 1988):

s 48

415&L @Ay @A 4

, where n is number of data (i.e. 8760 for a year) and
d; is the difference between the hourly values and the
hourly long-term average values of global radiation.
Afterwards, a variation of this method was
introduced, where a composite score S is calculated

by the Equation 5 and the month with the highest
score is selected.
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METHODOLOGY

The paper aims to examine the impact of the
weighting factor and hence, the importance of
meteorological parameters during the implementation
of a TMY data files in a simulation environmental
analysis. In essence, the methodology, adopted for
the particular study, involves the generation of TMY
data files and a statistical analysis of the different
weather data sets for several simulation applications.

Weather data selection

In the present study, the hourly weather data
for the period 2001-2012, have been acquired from
the meteorological station of Paphos National
Airport, which is situated at the south-west coastal
region, 34°72° N 32°48 E, of Cyprus (MetDep
2012). However, due to a lack of global radiation
data for the period 2001-2004, additional databases
employed, providing a comprehensive data for the
TMY development (NOAA 2013; SolarGIS 2012).
For shorter periods of erroneous and missing data,
the linear and polynomial interpolation applied.

The environmental variables, for the
construction of the TMYs, are the dry bulb
temperature, dew-point  temperature, relative
humidity, wind speed, wind direction and global
horizontal radiation.

Global radiation

For the generation of typical meteorological
year, the values of hourly extra-terrestrial (g, direct
normal (,gh and diffuse horizontal (,d radiation,
estimated according to the Duffie and Beckman
method 1982 (Duffie and Beckman 1982), as is
presented below:

Initially, the procedure requires some
mandatory parameters of the solar geometry. Thus,
the declination angle of the sun, 9, and (degrees) is
defined by:

<8

, where D is the calendar day of the year (1-365).

Here, ¢ is the latitude of the location
(degrees) and o is the hourly angle of the sun (deg).
At 12:00 midday the value of ® is zero, with the
morning being negative and afternoon being positive,
where for each hour the value is changed by 15° (i.e.
at 10:00 ®=-30°).

Moreover, the 0, is the solar zenith angle
calculated by Duffie and Beckman:

A L. PA.L WAL REecd @l (7)

Hence, by the calculation of solar
parameters, the hourly solar radiation variables can
be estimated from the following equations. The
extra-terrestrial horizontal radiation (kJ/m”) given as:
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Figure 1 Monthly average dry bulb temperature

Thereby, the heat production by the
integration of each TMY set will be evaluated against
the long term and actual data of the year 2012.

Similarly, a wind turbine examined in the
perspective of energy production. For the particular
simulation case, the result will be the electricity
generation (kWh) and will be assessed in a similar
manner as the solar collector case stud. In the Table
4, the characteristics of a horizontal axis turbine are
shown, as referred by (Bergey 2012).

Table 4 Wind turbine characteristics

Figure 2 Monthly global horizontal radiation

Simulation applications

The investigation of TMY’s performane in
simulation environment, was examined by the
implementation of a residential solar thermal system,
a wind turbine generator and heating/cooling mode
analysis of a typical dwelling in Cyprus. The same
parameters of each simulation used for all weather
data sets. The analysis was carried out using
EnergyPlus software.

As a starting point, a domestic flat plate solar
collector designed to serve the residential demands
for domestic hot water, in conjunction with an
electrical heater.

The collector consisted of two solar plates
with a gross area 2.96 m’. In the Figure 3, the daily
heat production is presented for 3 arbitrary days in
January, April and July.
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TMYdb TMYrh Rated rotor speed 84.07 rev/min
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Figure 3 Daily heat production (Long term data set)

Moreover, the seasonal heating and cooling
mode for a typical residential building examined. A
simple single zone dwelling, with 200 m® of total
floor area designed according to (CYSTAT 2010).
The properties of the elements of the construction are
presented in Table 5.

Table 5 Properties of building envelope

Structural Element U value (W/m>.K)
Exterior Walls 1.389
Floor 247
Roof 1.8
Glazing 1.960

The parameter that are investigated through
the study is the energy required by the heating and
cooling loads, to maintain the indoor temperature at
21 °C and 25 °C, for the period of November-March
and April-October, respectively.

Statistical analysis

The TMY performance obtained by the
simulation procedure, are evaluated according to the
long-term average and actual data of 2012. As a
result, through the analysis, the impact of weighting
index are revealed in the perspective of typicality for
a particular period (i.e. 2001-2011 periods) and the
capability to predict future years.

Thereby, the evaluation assessment is
contacted through a statistical analysis, based on the
modified Pearson coefficient of determination, so-
called adjusted-R*> and the root mean square error
(RMSE). The application of each coefficient is
mainly based on the extent of impact by the presence
of outliers.
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GHYLDWLRQ IURP WKH ORQJ WHUP PKL& P WP S IFPMD PFYQFH RI D EXL

HVWLPDWHG E\ WKH 506 ( KHDWLQJ DQG FRROLQJ PRGH WKH HP
JURP 7DEOHYV '—F”GWVV'-WD\@BW’KE?' 00 PHWHRURORJLFDO YDULDEOH)\

SHUIRUPDQFH RI DOO 70<V GDWRLKWMILIGHVRBUER ROLOWLY M. YHQ E\ W

VRLODU ZKLFK LBA WKMHBRPSRWRWYMWROHDWKHU SDUDPHWHUYV

'?1% R WG RRQWKY¥sSWREDWLRQ R

PHWKRG 'XULQJ WKH FRQFDWHQDWLRRy

IRUP WKH GDWD VHWV WKH VHOHRM I(b oR @WKM@H%V\%KH BBVMH zLwk

WASLFDO ~UHVXOWLQJ WR WKHWI@# MR PBIMHRK DY PRFWPHPYL VW LFY  $\

SHUIRUPDQFH G\ WKH_FRROLQJ ORDG HYDOXDW!|
*RZHYHU GLVWLQJXLVK FD@ B0 Qhh A3 Y ZKLOH WKH KHD\

FDVHV WKDW KDYH WKH EHVW W H WK #TQB@,.; WP LBEHHPHQWD

70<V GULYHQ PDLQO\ E\ JOREDOU DWW DGR ®WR HYWLPDWH \
VSHHG KDYH WKH EHVW SHUIRY® BUDLI o) BUvHUP DQG DF
WKH

FROOHFWRU DQG ZLQG WXUELQH DFFRU L(%J \ 1RZ L

SHUVSHFWLYH Rl KHDWLQJ DQ®&ZZFIRR/I@6Q2 1PRGH RI D

UHVLGHQWLDO EXJ GGHYHQWXHWKI EHMWyWXG\ DWWHPSWHG WR UHYH

SHUIRUPDQFH $V LW LV DERWKHPHUAWKRRES IDMWRU DQG KHQFH W

JHQHUDWLRQLWRIPDAQO\ GULYHQpRWHRBRBRILFDO SDUDPHWHUV RQ W

UDGLDWLRQ EXW LW LV DOVR7 b@l(\?%ggw ERUMKH REBVAX LOGLQJ V
|

PHWHRURORJLFDO SDUDPHWHUV UH WiIGo R\ WKH HERHFWHBWLRQ
SHUIRUPDQFH RQ WKH FDOFXODWRQ G@KDW WKH EDF

$V LW FDQ EH VHHQ LQ WKHyDEg BI(vaLJ LILFDQWO\ Y
UHPDLQV WKH VDPH WKURXJK %WWLE% 20 I'-\‘/\BQURIﬂ{IVW H FOLPDWROF

70<V DJDLQVW WKH $' 7KH EHVW &\WWb BN VREBRAVRLPLODU 700 Z
SUHVHQWHG E\ WKH VDPH 70<V B NBRLUYH PRQWKY SUHV
th

$FFRUGLQJ WR WKH DIRUHP RQW LREXRY W PRIDWWH JOREDO UDCG
RI ZHLJKWLQJ IDFWRU LQ WKH JHQNHBMWRQ RT 70< GDWD

-928-



Proceeding®f BS2013:

13th Conferencef InternationalBuilding PerformanceSimulationAssociationChambZryFrance, August26-28

Now, on the perspective of the simulation
stu ies, the out o me highlights the Hall’s statement
regarding to the intended application of a TMY data
file and thus, the assigned weighting factor for the
meteorological variable. Overall, the performance of
the TMYs was similar for the majority of the
simulation  cases. However, slightly better
performance occurred by particular data sets. For
example, at the solar collector case, the highest
adjusted R%, was given by the TMY,. Similarly, at the
comparison of TMYs for the electricity generated by
a wind turbine, the TMY,, demonstrated the best
performance. In addition, the significance of all
meteorological parameters presented on the heating
and cooling mode, where the TMY 4 described better
the long-term and actual data sets.

In the statistical context, the performance
difference is relatively small. However, by using an
appropriate weather file the accuracy of the
simulation analysis may be enhanced. For instance, at
the calibration stage of a simulation analysis, the
errors revealed by the weather file will be eliminated,
resulting to a validated simulation model.

Consequently, the procedure to assign
weighting factors will be wise to driven by the
intended application of the TMY and thus, the
enhancement of the accuracy in the building
simulation studies.
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