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Abstract. Climate change large impacts on urban scales.
Local meteorology, air pollution and energy demand of the
buildings are areas affected directly by the climate change. To
quantify the future impacts, this research make a dynamical
downscaling from global climate data to urban high spatial
resolution to produce weather data and this information can be
used in the energy demand models as EnergyPlus. Dynamical
downscaling process has been implemented with the mesoscale
model WRF-Chem (NOAA, US) up to 1 km and MICROSYS-
CFD (UPM, ES) model from very high spatial resolution. A
medium office building was simulated using meteorological
downscaled datasets for Madrid. In this contribution we have
used global climate models RCP scenarios to produce climate
scenarios at urban scale with 10 m spatial resolution. We will
show the results and the impacts for future (2030, 2050 and
2100) RCP IPCC 4.5 and 8.5 climate scenarios compare with
the 2011 control year information for climate and buildings
energy demand over Madrid, Milan and London (Kensington-
Chelsea area).
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1. Introduction

Adverse effects of climate change are particularly relevant
for urban areas where more intense and frequent heat
waves are expected. If we are capable to produce detailed
information of the about these impacts to understand the
interaction of climate change with urban areas making
possible implementing the best mitigation and adaptation
strategies. Climate change will have a large impact on
building energy use for heating and cooling because of the
change in outdoor conditions [1]. Energy consumption
levels for cooling and heating are expected to increase and
decrease, respectively, as a result of global warming [2].
A detailed analysis of heating and cooling energy use in
the future is needed to better understand the impact of
climate change on building energy consumption because
the local conditions and influence of the buildings in the
environment can be very important in same locations. A
detailed prediction of the future climate is the first
requirement for an energy analysis of buildings. We will
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use the EnergyPlus [3] model to analyse the impact of
climate change on the buildings.

Future climate scenarios have been developed with Global
Climate Models (GCMs) [4] but with a coarse resolution,
about 1°, so they cannot represent the local phenomena. It
is necessary to apply dynamical downscaling techniques
where, outputs from a GCM are used as input and
boundary conditions [5] for a Regional Climate Model
(RCM) up to 1 kilometre of spatial resolution. In case or
the urban areas with building blocks, [6] this spatial
resolution is not enough and we need to make
Computational Fluid Dynamics (CFD) simulations with
meters of spatial resolution. The atmospheric flow and
microclimate are influenced by the urban features, so
urban modelling systems should consider the influence of
buildings.

This work is part of the EU FP-7 DECUMANUS project.
The objective of this project is the development and
consolidation of a set of services to support sustainable
choices that enable city managers to deploy geospatial
products in the development and implementation of
strategies for energy efficiency and climate change, in
meeting the many challenges of sustainable urban
planning and development [7], [8], [9], [10]. The
DECUMANUS services provide information to end users
(city managers).

2. Methodology

In this research, we dynamically downscaled the years
2011, 2030, 2050 and 2100 under two IPCC RCP
scenarios, 4.5 and 8.5. All simulations have been run for
full year time period. RCP 4.5: Stabilization without
overshoot pathway to 4.5 W/m2 at stabilization after 2100
by employment of a range of technologies and strategies
for reducing greenhouse gas emissions. RCP 8.5: Rising
radiative forcing pathway leading to 8.5 W/m2 in 2100
[11], [12], [13]. The 8.5 pathway arises from little effort to
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reduce emissions and represents a failure to curb warming
by 2100.

In our case we have used global data from six hours
outputs coming from the Community Earth System Model
(CESM) version 1.0. (RCP 4.5 and RCP 8.5 scenarios)
which are published in the Earth System Grid web. The
Weather  Research ~ Forecasting and  Chemical
(WRF/Chem) model is used as RCM [14], [15], [16] to
dynamical downscaling from 1° spatial resolution (global
scale) to 1 km of spatial resolution (local scale). We have
implemented meteorological and air quality simulations
with WRF/Chem, covering all Europe with 25 km spatial
resolution and 33 vertical levels up to 50 hPa. Next step is
nesting two domains with 5 and 1 km of spatial resolution
over Madrid, Milan and London, using the WRF-Chem
Europe scale model outputs as boundary . To take into
account the buildings we have used the MICROSYS CFD
system. MICROSYS is based onthe CFD MIMO model
[17], [18], [19] and [20]. Fig. 1 shows the workflow of
the simulation framework from the global climate model
to the buildings city level.

There are several studies of the impact of future climate
projections on buildings energy demand [21], but they
don’t use very high spatial resolution hourly climate
information, like datasets generated in this paper with a
dynamical downscaling technique. This paper presents the
results of an office building simulation study, with the
purpose of examining the impact of climate change on
annual building energy consumption over Madrid.

The energy study has been implemented with the
EnergyPlus model, EnergyPlus is a well known and

highly validated model that is the industry standard.
EnergyPlus has been validated in numerous tests from
ASHRAE. EnergyPlus is a highly detailed building
thermal load simulation program that relies on detailed
user inputs. EnergyPlus calculates heating and cooling
loads, and energy consumption, using sophisticated
calculations of heat gain and heat loss including transient
heat conduction though building envelop elements. It also
accounts for heat and mass transfer that impact sensible
and latent thermal loads due to ventilation and infiltration.
Additionally, the model has detailed calculations of heat
transfer to or from the ground and comprehensive models
of solar gain through the fenestration and opaque envelop
components.

Building features needed for implementation in
EnergyPlus, were taking from the ASHRAE 90.1
Prototype Building Modeling Specifications. We have
selected a medium office building as prototype building
because in 2015, there were roughly 30000 office
buildings in Madrid, which is an important number. The
medium office building has three floors with a total area
of 5000 m2 and 268 people working in the office. Outdoor
ventilation air requirements and schedules are defined
following the ASHRAE 90.1 Prototype Building
Modeling Specifications [22].

The following meteorological downscaled datasets was
generated to the EnergyPlus meteorological input file
format: Dry bulb temperature, dew point temperature,
relative humidity, atmospheric pressure, horizontal
infrared radiation intensity, wind direction, wind speed,
total sky cover, snow depth and liquid precipitable depth.

DYNAMICAL DOWNSCALING

51 | Global/climate data:

N Past year (2011)

___[._T_— Future years
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Fig. 1. Conceptual overview of the model chain used in the present study.
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3. Results

Spatial differences (1 km spatial resolution) of minimum
temperature changes between (the large future) 2100 and
2011 (present) for RCP 4.5 and RCP 8.5 in Madrid
calculated with the WRF/Chem modelling system, are
showed in the Fig 2.

With the scenario 4.5 we can observe a decrease in the
minimum temperature for the year 2100 up to 2.5 degrees

MADRID 1 km 2100 4.5 = 2011 4.5

=130 =10*=1.29 2108120 «10P=1.29 105128 <10P=1.28 (10°=1.27 10M=1.27 0¥

Differences of annual mean of daily minimum temperature deg C

Celsius compared to 2011 in the north and reductions of
1.8 degrees in the center. The climate scenario 8.5 result
in an increase of the minimum temperature for the year
2100 up to 1.4 degrees Celsius compared to 2011 in the
downtown area. Steady state simulations of airflows over
Madrid are showed in the Fig 3. It is zooming over 1 km
by 1 km area to see better the wind complexity. The
results come from the CFD model described above with
10 meters of spatial resolution.

MADRID 1 km 2100 8.5 = 2011 8.5
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Fig 2:Madrid differences (°C) between 2100 and 2011 spatial distribution (1 kilometer of resolution) of one-year average minimum air
temperature with RCP 4.5 (left) and RCP 8.5 (right). Downscaled simulations using WRF-Chem.

2100 4.5
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Fig 3: Zomme-in area (1km by 1 km) of Madrid wind vectors and wind speed (m/s) over Madrid (average winter day) for 2100 under

scenario 4.5 (left) and scenario 8.5 (right).
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We have applied the EnergyPlus model to identify
individually the exchange of energy between building and
environment to optimize the use of energy in each
building/block and to understand how the buildings in
different blocks interact with the environment in terms of

climate and meteorological conditions. Fig. 4 shows the
monthly HVAC system energy demand for a medium
office building during 2100 under two possible climate
scenarios: RCP 4.5 and RCP 8.5

MONTHLY HVAC SYSTEM ENERGY DEMAND . MADRID MEDIUM OFFFICE BUILDING. YEAR 2100. CLIMATE SCENARIOS RCP 4.5 & B.5
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consumption will increases up to 21.3 % in the climate
scenario 4.5 respect to the 8.5. If we focus on the
electricity demand changes the increases are up to 6.6 %
and the most important changes are observed in the gas
demand for heating with increases up to 222%. Fig 4
reveals that the RCP 4.5 scenario is cooler than the RCP
8.5 based on the monthly mean of the outdoor air
temperature. The demand of gas for heating in the 4.5
scenario is higher than in the 8.5, and the demand for
electricity is higher in the 8.5 scenario than in the 4.5 only
during the summer months. Because the outdoor
temperature in the 8.5 scenario is higher than in the 4.5,
cooling energy consumption will increase (summer
periods) and heating energy consumption will decrease in
the 8.5 respect to the 4.5.

4. Conclusion

A micro coupled simulation assessment tool was proposed
and applied to study the future climate over three
European cities under two IPCC RCP possible scenarios,
4.5 and 8.5. The downscaled information have been used
for studying the impact of future climate projections on
buildings energy demand.

In this analysis, we have isolated the effect of climate
change by holding local emissions and urban morphology
over time, all simulations use data from current
assumptions 2011.The modelling system tool use a CFD
model with boundary and initial conditions from the
WRF/Chem model. The tool has been applied to examine
the future urban flow in densely buil-up urban areas.
Representative examples of impacts of future IPCC RPC
climate scenarios 4.5 and 8.5 respect to 2011 are showed.
In the high resolution simulations we have observed that
the building influence is very important to detect hot spots
or sensible areas to be affected by the climate
change.Complex urban flows are manifest in the presence
of the buildings. To improve the simulation tool, further
validation studies are required by comparing simulation
results with field measurements.
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Building energy demand changes in response to future
climate change and results are presented. The
implemented system allows to know how will climate
change affect building cooling and heating energy
consumption. Building energy demand changes in
response to future climate change, with cooling and
heating demand generally going in opposite directions.
These preliminary analyses conclude that the impact of
climate change is generally positive for a energy demand
point of view.

The impact of climate change on energy demand for
heating and cooling was investigated in this study.
Application of the whole building energy analysis method
with medium office building models, revealed a
significant relative heating energy demand decrease in the
scenario 4.5 and cooling energy demand increase, over the
summer period in the 8.5

Climate change not only can affect the annual heating and
cooling energy consumption, it also has impacts on the
peak energy use. Future works will include more detailed
information about impacts, which includes different types
of buildings (residential and commercial) and multiple
orientations to the main sun direction.
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