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Abstract

The energy performance of a building is to an important
extent influenced by the outdoor climate. For this
purpose, the outdoor climate data should be accurately
represented in building energy models (BEM). Currently,
representative years based on observations (e.g. an
International Weather for Energy Calculations, IWEC)
are commonly used in BEMs. However, one may require
multi-decadal periods of weather data better reflecting the
range of weather conditions including extremes to which
buildings are exposed to. Convection-permitting models
(CPM) have a much better spatial coverage and can
provide multi-decadal information including climate
change scenarios. For Belgium, multi-decadal CPM data
have been developed for the current and future climate
perspective. This paper is part of a broader research on the
integration of CPM data in BEMs and focuses on the
added value of the long-term climate model data and the
comparison of the CPM data with the IWEC data. Both
data formats are compared and applied in a BEM of an
office building. In general, both weather files lead
towards similar results but the IWEC file tends to
overestimate the cooling load.

Introduction

Building performance is affected to an important extent
by the local weather and climate. Due to their long life
span, buildings will face a changing climate, likely
leading towards comfort and wellbeing problems for
occupants at a regular basis and/or to an increase in
electricity consumption for active cooling (Crawley,
2008). Current weather files used for Building Energy
Models (further abbreviated as BEMs) do not incorporate
future climate changes and are therefore not suited to
design climate resilient buildings. There is a need for
good quality weather data to simulate building
performance considering the future climate perspective.

BEMs for Belgium currently use an International Weather
for Energy Calculations (further abbreviated as IWEC)
file (Huang et al., 2014). For Belgium three files are
available, i.e. for Ostend (seaside), Uccle (centre) and
Saint-Hubert (southern Ardennes region). An IWEC file
makes use of the Typical Meteorological Year (further
abbreviated as TMY) weather format which is a
representative year to be used for energy calculations. The
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TMY methodology selects per month the most
representative year from the available observational data
based on the Finkelstein-Schafer statistics. Radiation and
temperature each get a contribution of 40% in the
weighting of the climate variables, wind and dew-point
temperature a contribution of 10% each. A limitation of
these representative years is the coarse scale availability
which limits its usability for BEMs (Herrera et al., 2017).
In addition, weather stations are often located in open
areas, close to airports where the environment differs
from the one in cities.

Global and regional climate models (further abbreviated
as GCM and RCM) solve the issue of the coarse scale
availability of the IWECs. RCMs are dynamically
downscaled from GCMs, which provide climate
information for the different parts (continents) of the
world (IPCC, 2013; Jacob et al., 2014). Both are available
for climatological periods (i.e. typically 30-years)
representing the meteorological statistics for that period.
Studies have been elaborated with RCMs with a spatial
resolution up to 10km (Berger et al., 2014; Chow et al.,
2010; de Wilde et al., 2012), which allows the
consideration of different future weather projections
between various regions. However, even in a certain
region of 10 x 10 km, differences can be noted due to the
territorial settings (urban/rural) (Berger et al., 2014; H.
Woulters et al., 2013; Wouters et al., 2017). Convection
permitting climate models (further abbreviated as CPMs)
are more promising in the context of BEMs due to their
higher resolution (horizontal grid spacing <4km) (Brisson
et al., 2016). CPMs are on their turn dynamically
downscaled from an RCM. CPMs do not need convection
parametrization schemes anymore which are a major
source of uncertainties in large-scale models. As such,
CPMs are able to explicitly represent the local weather
conditions and weather extremes such as extreme urban
heat islands or extreme convective precipitation.

A second limitation of the IWEC files is that these files
are based on observations in the past and do not
incorporate future climate changes. Therefore these
IWEC files are not suited to design climate resilient
buildings. There is a need for good quality weather data
to simulate building energy performance considering the
future climate perspective. CPMs are moreover available



for the future too within the CORDEX! project for certain
representative concentration pathway (RCP). These RCP
scenarios are emission scenarios describing the expected
evolution of greenhouse gas emissions in the future
(IPCC, 2013).

In this context, the CPMs are promising. In comparison
with the RCMs, the representation of the climate change
signal improves for the CPMs as well as their global
model performance (Prein et al.,, 2015). Taking into
account climate variations and anomalies within the grid
cell analysed (Nik et al., 2017) is an advantage of the
dynamical downscaling approach in comparison to the
statistical downscaling. In  contrary, statistical
downscaling assumes that the local climate is only
influenced by the large-scale meteorology (Herrera et al.,
2017).

One limitation of the CPMs is the requirement of high
computational time and hence their limited availability
across the world. The limited availability will however be
solved in the coming years, as these CPMs are used for
several applications such as risk assessment for climate
change.

This paper evaluates the use of a 30-year EC-Earth driven
CPM for BEMs and compares it with the commonly used
single-year IWEC data . The aim is to investigate if both
weather data lead to similar results regarding the energy
use (and related risk of overheating) for an office building
in Belgium.

Methodology

Sources of weather file data

For the purpose of this paper, two weather file formats
were extracted for Uccle (Belgium).

Firstly, the IWEC file for Uccle was used. The TMY
methodology is applied on the observations from the
WMO station in Uccle. Observations from 1983 till 1999
are used (ASHRAE, 2002). For Uccle, the hourly
radiation values are mainly based on the observed sky
cover for the station and has an uncertainty range of 35-
50% (ASHRAE, 2002; EnergyPlus, 2016). Gaps in these
observations are filled by interpolation.

Secondly, an EC-Earth driven CPM is used. The CPM
uses COSMO-CLM (version 5.0) as regional climate
model (Vanden Broucke et al., 2017). A two-step nesting
strategy is used to obtain the model with a 2.8 km
horizontal resolution for the Belgian domain. In a first
step, the 0.11° RCM simulation was nested in the EC-
Earth domain and in a second step the 0.025° simulation
was nested in the 0.11° simulation (Vanden Broucke et
al., 2017). To incorporate the local characteristics and the
three-dimensional structure of the urban canopy, the CPM
model used is extended with the urban land-surface
scheme TERRA_URB (v2.0) making use of the SURY
(Semi- empirical URban canopY) parametrization
(Wouters et al., 2016). This surface scheme calculates
radiation, heat and moisture fluxes between the urban

! coordinated Regional climate Downscaling EXperiment (CORDEX)
(Jacob et al., 2014)
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environment and the atmosphere. The model was found to
reproduce both the observed coarse temperature
climatology and the urban heat islands of the study
domain very well in general, and the hourly and daily
variability in particular (Hendrik Wouters et al., 2017).
Further it has been shown that the model better represents
extreme precipitation than the coarser climate information
available (RCMs, ERA-Interim). From the model
simulation an epw file is extracted for the period 1975-
2004 based on the methodology described in (Ramon et
al., 2017). The first year is used as a spin-up for the
simulations.

Building energy model

A cellular office from a representative Flemish office
building is simulated for this study making use of
EnergyPlus v8.7. The outside boundary of the inner wall
is set to surface linking for those surfaces with an adjacent
zone and adiabatic if there is no adjacent zone defined. To
study the effect of orientation, the model is run for the four
orientations (i.e. north, east, south and west). The middle
zone on the first floor is analysed in detail (Figure 1).

The schedules for occupancy, lighting and equipment of
the office room are modelled based on the NCM
modelling guide (Communities & Local Government,
2008). The number of people per zone is defined in terms
of area per person based on the architectural plans with a
metabolic rate of 117W/person (Architectenvenootschap
ar-te bcvba, 2015; ASHRAE, 2009). Lights are modelled
based on the lighting level (Watts) installed in the
building. The office equipment is set to a load of 11.77
W/m2 and a radiant fraction of 0.2 (ASHRAE, 2009). For
the HVAC system, an ideal air loads system is
implemented to get insights in the increase/decrease of
energy to keep the room comfortable. The operative
temperature is used to control the ideal air loads system.
The heating season is defined from October till March
with heating setpoint (operative temperature) set on 22°C
during occupancy and 18°C for other moments. Outside

Figure 1: Simulation setup
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the heating season these settings are respectively 20°C
and 16°C. Cooling is allowed all year with a setpoint
(operative temperature) set on 26°C during the day and
28°C and 35°C during the night and weekend for the
summer period and heating season.

Results

To gain insights in the differences and similarities
between the IWEC file and 30-year CPM data for Uccle,
firstly, the weather data are compared. For both weather
files the monthly means are calculated for various climate
variables. Temperature and radiation are discussed as
main parameters for the BEMs. Secondly, the simulation
results are analysed and compared focusing on the energy
need for cooling. This gives an idea of the overheating
risk as an ideal system with endless capacity is assumed
in the simulations.

Evaluation CPM data with IWEC file for Uccle

For Uccle, the monthly mean temperature of the IWEC
and CPM data reveals a good fit (). A good fit was
expected for two reasons: 1) temperature is one of the
primary parameters considered to determine the IWEC
(Huang et al., 2014); and 2) the CPM is optimised for
temperature and precipitation. The distribution of the 30-
year CPM dataset furthermore shows the variation on the
monthly mean temperatures over 30 years. As this range
is quite large, this confirms that such a weather variation
over the years is important to consider when aiming at
designing robust buildings.
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Figure 2: Monthly distribution temperature for Uccle

Although radiation is one of the primary parameters for
the composition of the IWEC files, the direct radiation in
the 30-year CPM and the IWEC correspond poorly. For
Uccle (Figure 2), the IWEC file falls for most of the
months - except winter — out of the range of the 30-year
CPM. Moreover, the IWEC file shows a plunge in June.

- IWEC_ 1
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Direct Horizontal Radiation [W/m?]

Three remarks are made for these observations. Firstly,
the plunges identified were not expected to this extent as
radiation is a primary parameter in the IWEC approach. It
should be further investigated whether the IWEC method
(i.e. TMY methodology) could be optimised to exclude
these plunges. Secondly, the radiation parameters in the
IWEC file for Uccle are based on the observed sky cover
and have a high uncertainty range (35-50%) (ASHRAE,
2002). Therefore, the radiation parameters should be
compared with in-situ observations from the WMO
weather station. Thirdly, it is known that the CPM
overestimates the shortwave radiation at the surface
(Brisson et al., 2016). The overestimation is caused by to
reflective clouds in the model even though there is an
underestimation of the outgoing shortwave radiation at
the top of the atmosphere. Regarding long wave radiation
and short wave diffuse radiation a good correspondence
is noticed. The short wave diffuse radiation in the IWEC
slightly exceeds the 30-year CPM during summer.
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Figure 3: Monthly distribution direct horizontal
radiation for Uccle

Influence of the different weather files on the energy
use for cooling

Simulations were run to investigate how both weather
files lead to differences in cooling load. Firstly, the
results are compared on yearly basis, secondly on
monthly basis.

Comparing the 30-year CPM run with the IWEC run, the
yearly cooling load falls in the same order of magnitude.
However, while for the south oriented zone (Figure 4), the
IWEC file tends to slightly underestimate the cooling load
compared to the 30-year CPM run, the cooling load tends
to be overestimated for the east (Figure 5), west and north
oriented zones. The main driver is the solar irradiation on
the facade and so the transmitted solar radiation through
the windows which has the same trend of under- and
overestimating in comparison with the 30-year CPM data
for the different orientations.
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Figure 7 and Figure 6 show the distribution of the

monthly cooling energy for the CPM run and the

monthly cooling energy for the IWEC run for o
respectively the east and south oriented zone. For the
east oriented zone (Figure 7), the IWEC file clearly leads
to higher cooling loads than the median cooling load for
the 30-year CPM run in summer. Similar findings are
seen for the north and west oriented zone. For the south
oriented zone, the 30-year CPM run tends to lead to
slightly higher cooling loads than the IWEC run (Figure
6). The transmitted energy through the windows caused 50

by solar radiation (Figure 8) seems to explain the

observed differences in cooling load. For the south an P Mar  Apr May  Jun  Ju Aug  Sep Ot Nov  Dec
oriented zone, the transmitted energy is higher for the ——WECO =—miWECZ ———ECEathQ emmECEarthZ

30-year CPM file than for the IWEC file (with exception

of June), while for the east oriented zone, the IWEC file Figure 8: Total transmitted solar radiation energy

has more energy transmitted due to the solar radiation. (monthly) for south and east oriented zone

Transmitted solar radiation energy [kWh]
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Conclusion & outlook

This paper evaluates the use of a 30-year EC-Earth
driven CPM for BEMs and compares it with the IWEC
file currently used. Overall, the IWEC file represents
well the mean trends for temperature of the 30-year EC-
Earth driven CPM. For radiation, the direct radiation of
the IWEC file tends to underestimate the 30-year EC-
Earth driven CPM data.

The building energy simulations revealed that the use of
different weather files influences the estimated cooling
load. On a yearly base, both files lead to cooling loads in
the same order of magnitude with slightly higher cooling
loads when using the IWEC file, with the exception for
the south orientation. On monthly basis, the differences
are more pronounced. Probably, the higher radiation
around noon (resulting in higher incident radiation on
the south facade) might explain this difference. As the
effect on the need for cooling energy is not linear, other
climate variables such as wind also play a role in the
total cooling load.

Further research is needed to clarify the difference in
direct radiation in both weather files. For both files,
various reasons for under- or overestimation are possible
(e.g. overestimation in short wave radiation at the top of
the atmosphere or radiation values based on a model).
This will be further analysed by comparing the weather
files with observations in the weather station of Uccle.
Based on this comparison the accuracy of both weather
files can be evaluated and final recommendations can be
formulated on the preferred weather file for the goal of
this research. Furthermore, a more in depth analysis of
the incident radiation on the facades with different
orientations is needed based on hourly values to explain
the differences in cooling loads identified between the
south oriented zone and the others for the two weather
files.
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