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ABSTRACT

This study is a part of the research pro
MEIGEVILLE driven by IRSTV (Research Institu
on Cities) in which our laboratories are partnThe
general objective of the projecds to take into
consideration local climatic dats citiesin building
thermal behaviour simulation anto set up a
coupling betweerthese two kinds of simulati. At
first, climatic data will beprocessed in order
obtain the input data at a city sc Our project will
focus tken on the urban microclimat¢o predict
overheating periods within the studied location
two cities. This part wilinvolves a G.1.S. method
convert geographical maps into digital datak

In this study, the morphologicahalysi: approach is
depictedto clarify different district areain one city
from G.I.S. data This investigation takes in
account the buildings architecture by the calcate
of different morphological paramete In a second
part, the methodology for the urban microclim
simulation isexposed, based on the first par re.
Finally, the global warming data, obtain from
specific meteorological model is used fithe
building simulation. Theobtain results for differer
years until the year 2100 highlight a regular iase
of assessebuilding energy consumption and indc
air temperature peak#t last, the coupling of th
urban heat islandnd global warming effec with the
building simulation is outlined.

INTRODUCTION

Urban structuresn terms of morphology and
thermal and radiative properties of thartificial
surfaces modify the climatat both city scale ar
local scale. The main influencef the cities on
microclimate is the heat islanthused b radiative
trapping inside dense canopesd heat storage in tl
urban materials. (Adolphe 2001).

In this context, understanding of the interac
between buildings and urban fabric shadrive us to
a better management of building ene
consumption.

Building uses are an important part of the glc
energy use thus a goadnception of tese systems is
essential.

The aim of this study is the analysis of t
interactionbuilding —urban fabric and of the impact
of the building mass on the surrounding unban éa

Two cities will be studied ithis project. The first is
Nantes, showed oRigure 1, the second one is |
Rochelle. As shown on the figure, the studied itis
of Nantes, called Pin sec, is cut in five zo
according to its building types. On the site, wed!
block of flats as well as dwelling houses. Tlage of
buildings varies between 50 years and re
constructions. For this reasons it is hard to defi
“building type” which is representative for the whi
district.

In first time, we decided to study tv typical
buildings in Nantes and one at La Ihelle. The first
building in Nantes is a block of flats, the secigdn
individual dwelling and the third one at La Roch
is an office building.At this stage of the project,
first building simulation has been completed foe
building at La RochelleBoth buildings at Nante
were built around 1960, while the office block i
recent construction.
Y

SR 8
Figure 1 Presentationf the studied area, Pin S¢
Nantes, Franc

The morphological description of a citcan be
achievedby a distinction of differel district type
(Adolphe 2001). But the most usual way is
determine a mesh that cut into equal parts the -
and then users can determinneeded parameters on
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this mesh size (Long 2003). The first step of this thermal behaviour exposed to global warming effect.
process is a conversion of geographical maps intoEach part developed separately will be coupledhén t
digital database. This group of data is then aeralys final study, which is ongoing.

by a GIS program. The aim of this study is t0 The objective of MEIGEVILLE project is to set up
characteristics which modify the urban wind context thermal behaviour of buildings.

and the fluxes between atmospheric boundary layer

and the surface. This modification is considereal vi DISCUSSION AND RESULTS
the surface roughness length (Oke 1987). In usualUrban M orphology

model of roughness length, the average buildingTo take into consideration the morphological
height and the built density appear directly by the parameters of chosen cities, first we have to E®ee
zero plane displacement. (Raupach 1994, Bottemageographical analysis on available data. We have at
1996, Macdonald 1998). Other input to microclimatic our disposition the French National Geographical
models is weather data. Several database andnstitute’s (IGN, France). Topographical database
simulation tool are available for climatic study on (Bp Topo). It contains a numerical model of the
France. Measurement data are also available, but fotgpography with meter precision. The database
simulation of global warming effect, climatic moslel  contains several layer-composed files. The most
are needed. Arpege Climat of Méteéo-France appliessophisticated file contains the building descriptio
two scenarii according to demographic evolution. It \with more than one hundred layers. The building
has a 50 km resolution on a global scale. Aladin hejgnt is stored as an attribute. Hydrographical

Climat (developed in the ENSEMBLES European jnformation and vegetation description files arsoal
project) has a 20 km resolution and gives datahfer  5yailable.

Mediterranean zone. It covers the 1950-2050 period.
A third simulation tool is available also, LMD-Z,
which was developed by French laboratories. As a
part of microclimate studies, the urban energy ) o o
contribution to the atmospheric energy balance hasThe real urban fabric appears in microclimatic mode
been widely studied (Masson, 2000; Dupont and by aerodynamic roughness length of logarithmic
Mestayer, 2006). All these models are based on thewind profile. Here we applied the method of Bottema
description (more or less detailed) of the (1996):

morphological characteristics of the urban fabdc t h ) ( K )

evaluate the surfaces energy budget and to deduce Zo =\ —=2g)8Xp | = 0

the heat transfers between the canopy and the J0-5Canty

atmosphere. Roofs and inside canopy surfaces aravhere zis the “in plane” displacement height within
treated separately, the SM2U model (Dupont & @ building row, model sheltering parameter [r]s
Mestayer, 2006) considers walls and roads as athe von Karman constant (0.4),4:Cis the drag
unique surface while TEB model consider it coefficient of an isolated roughness element isva |
separately. The SM2U model has the advantage of doughness approach flow ard is the frontal area
unique model for both rural and urban soils so that density.

the vegetation influence on microclimate, that may We need to calculate h, average roughness element
be important in peri-urban neighbourhoods, can beheight, on the database. We used a quadratic niesh o
taken into account. 200 m size. Building average height is pondered by

Woloszyn and Rode (2008) presented the availablebuilding surface in order to obtain a representativ
simulation tools of building behaviour simulations. average value. The obtained value correspondseto on
For thermal studies several codes (commercial orcellin the urban fabric.

open source) are available. Bozonnet (2005) used &or the drag coefficient, & we took 0.8 as it was
zonal model to define the interactions betweenmrba suggested by Bottema.

microclimate, buildings and its air conditioning Fq, calculate);, we need to know the building

energy demand, by simulation of heat and massgface ratio in the wind direction, to calculakest
transfer in the typical case of an urban streeyaan density.

Recently Zmeureanu (Zmeureanu et al. 2008)

showed the capabiliies of TRNSYS on building Microclimatic approach

analyse in a climatic context. The used model (Soil Model for submesoscales,
urbanized version — SM2U) evaluates the turbulent
energy, moisture and radiative fluxes at the urban
canopy — atmosphere interface (Dupont and Mestayer
2006). With this, one can calculate directly street
canyons energy budget. An exhaustive presentation
of this model can be find in Dupon and Mestayer
(2006) and Leroyer (2006).

Then this database is analysed by the open source
GIS software, OrbisGIS, developed in the IRSTV
research federation.

We divided this study in three parts: the firsttpar
concerns the morphological analysis of a studigd ci
the second, the climate study methodology of the
same city, this includes a meteorological datalzase
input information; the third one is a building syud
that includes a dynamical analysis of building
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For SM2U we need two kinds of input data:
meteorological and morphological. In the next, the
needed data list is presented.

The asked meteorological data are:

Air temperature,

Air specific humidity,
Wind velocity,
Precipitation,
Atmospheric radiation
atmospheric radiation),
Global radiation (sum of direct and diffusive
solar radiation).

For morphological description, we need:

Soil occupation mode
cover/vegetation and natural cover)
Canyon aspect ratio,

Surface of buildings

Height of buildings

Total roughness length.

In addition, some parameters describing other soil

(infra red

- (urban

Global war ming data

The used meteorological data come from Météo-
France simulations, which called Arpege Climat. In
this model two scenario are available: the moddrate
and the intensive. In the first case a moderated
demographic growth is supposed while in the second
one a more important demographic evolution and
regional disparities are present. In Arpege Clithat
France is cut in 360 zones, with 5 indicators facte
Zone: maximum, minimum temperature,
precipitation, solar radiation and soil humidity.

In spite of clear effect of green house gases obail
warming, we cannot say that the warming will be
linear, and each year will be warmer than the
precedent. So that is why we cannot take the year
2099 as the most representative, because it isonot
For the following building study, hourly weathertaa
are needed. Then a sinusoidal daily variation was
built on the basis of the weekly data from Arpége
Climat.

Building Study

occupation modes (such as roads, vegetation, barg; is 5 preliminary building study of an office

soil fraction, etc...) are demanded. To take into
consideration buildings contribution to energy
balance, SM2U uses:

Roof roughness
emissivity,

Roof and wall layers characteristics:
thickness, heat storage capacity and thermal
conductivity.

length, albedo and

building made by CoDyBa software. It supplies a
prediction of temperature values and energy uses fo
a determined period for hourly time step. Thus, the
input weather data is required in hourly perioashals

The used climatic values by the code are the solar
exposition, ambient and sky temperature and air
humidity. Building materials’ characteristics are
given as well.

The same thermal parameters for other surfacessix climatic scenarios were involved. The first age

(roads,...) are necessary. For city descriptiom th
previously described data obtained from OrbisGIS is
added.

The code uses the following model of street:

Net radiation

Figure 2 (a) Scheme of the SM2-U energy and water
budget models with 7 surface types (pav, bare, nat,
roof, vega, vegn, wat) and 3 soil layers. (b) Eyerg
budget of paved surfaces. (Dupont and Mestayer,
2006).

The street is modelled as one surface, so theaondd
the building facade have the same temperature.
SM2U separates eight soil type (Figure 2.) in each
computational cell.

peculiar to CoDyBa with its own values, which are
representative of the standard climate of the etldi
location. The second one is based on the same data,
with a simplified daily evolution based on the mean
daily temperatures, in order to have consistent
comparison with the future meteorological data that
are available on the same time step. The next 4
simulation are based on a 100 years database (&rpeg
Climat) from 2000 to 2100; the 4 studied cases are:
actual weather data, the year 2050, and the ye&s 20
and the last one for 2099. To obtain the highest
temperatures in the year, 12 weeks during the
summer period (July — September) were simulated.

Two series of simulation are done according to the
heating installation. The first one is without any

regulation. The second one contains air-conditignin

regulation, maintained to 25 °C maximum, during

office hours.

A simulation with night ventilation was also done
with recent climatic conditions and with future sne
(2099).

The studied building characteristics are: an awerag
room of 5.25x7m, 2.80m height under ceiling. The
external walls are constituted by 20 cm concrefe, 1
cm isolation (glass wool) inside and plasterboara (
cm) as finishing layer. Inside walls are made opnd
isolation (glass wool) between two plasterboards of
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< temp min O temp max

1.3 cm. The slab is in concrete with plasterboard 50
downside and usual surface finishing upside. Doors a5 -
have 0.93x2.04m dimensions while windows
constitution is 30% frame and 70% double glazing, 40

with 4-16-8 dimensions. Visors of 0.6 m dimension < *

are installed on facades in building long. 30 = -
The chosen building has several floors from thdy on N T

) . 20
one makes subject of our analysis. 5

To set up a simulation one need to describe using 1990 2610 20'30 20'50 20'70 20'90 21&0 2£30 2150
scenarios in the studied building. During the daily Years

use, two periods were determined while during a

week a working period and a weekend period are Figure 4: Temperature peak values in the coldest

Temp. (C)

fixed. room (without air conditioning)
The air change rate was fixed in 1'Thfor every \ © temp min o temp max |
simulation. Air-conditioning is switched on onlyrfo 0
cases where 25 °C is exceeded. ® e

. ~ 40
Simulated cases & 35 et -
For each simulation an average, a minimum and a % 30 —
maximum temperature as well as power using were © 5+ . —e=oTFT
calculated. 20
The first simulation, done with CoDyBa weather 15 ' w . . w w .
data, serves as a base for comparison between thit 1990 2010 2030 2050 2070 2090 2110 2130 2150

Years

one and the second simulation (with corrected
weather model). So in this one regulation connectedFigure 5: Temperature peak values in the warmest
to air-conditioning was not used. room (without air conditioning)

In the second simulation, we used our sinusoidal On Figure 4 and 5 the trend curves show a net
correction on CoDyBa’s weather data in order to increase of temperatures. The tendency is more
estimate its performance as this correction will be evident for the maximum temperatures than for the
used for the other simulations with modelled weathe minimum. The year 2075 seems to be a little bit
data. colder than the others are, but it does not infteen

We obtained an average temperature of 19.14 octhe increasing tendency. It means that around 2100
with the first. and 1953 °C with the second th€ minimum temperature will be around 26 °C and

simulation. It represents 2% of difference. On the the maximum around 43°C. Our city is next to the

other hand, difference between minimal temperatures®C€an SO temperatures in a continental city shbeild

is around 8.5% while between maximal temperatureshigher than these values. But we can remark that
is around 2.2%. The comparison of the temperaturest€Mperature is elevated, and surely energy
of the coldest and the hottest room on the flooe, t cONsumption will be too important.

differences are 0.5 and 1.16%. The air-conditioned coldest room case is presented
The two simulations conceming air-conditioned ©N the next two figures. In these analyse the
building give the next values: 3.5% difference 'egulation is added to the building model, which

between minimal average temperatures and 0.8% fofensure the maximum temperature at 25 °C during
the maximal average temperatures. For the coldestVOrK hours and outside of this period there is no

room it is 2% and for the hottest is 2.36%. regulation.

These four simulations demonstrate the qualityusf o ¢ I.en:::r:mp - v Iien”e‘::::mp -
mathematical approximation. The values are not a0

identical between CoDyBa’'s and fitted model, but 35 o

the difference stays lower than 9%. Thus, we accept 30 1 eSS Hee .

this sinusoidal approximation for further simulaiso S O N S ——

20
15
10

Temperature evolution and energy consumption

From this section, we used simulated weather data
with sinusoidal correction. The chosen four yeaes a s
the same as it was mentioned before. The 0
temperature is analysed in the coldest and in the

warmest room as well as an average value for all _ )
rooms on the floor. Figure 6: Temperature peak values in the coldest

room (with air conditioning)

Temperature, °C

1990 2010 2030 2050 2070 2090 2110 2130 2150

Years
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Figure 7: Energy consumption and power use peak Figure 9: Temperature peak values in the warmest
values in the coldest room (with air conditioning) room (with air conditioning)

The energy consumption and power maximum were This relation between extreme temperature and
simulated with the air-conditioning. The valueswho building energy consumption’s peak was find in
that the average of energy consumption on threewhole building analyse also. Building average
month will be third times more in 100 years at only temperatures show the same tendencies as the tcoldes
7°C increase of maximum temperature. As for and the warmest room, and power use trend is the
minimum temperatures, the increase is around 1°C,same. So we have to remark that in the future & wel
which let us search some supplementary solution topronounced demand will be done in energy
decrease it, such as night ventilation. It could be consumption due to restart of air-conditioning
effective with not too much energy demand. This machines, so peak values are very important. This
question will be regarded in further paragraphse On fluctuation in energy consumption must be takea int
has to remark that maximum demanded power consideration as in 100 years the value of used
increase rapidly in time. As during weekend period energy will be third times more elevated. Total
the temperature could increase at any level, thebuilding values are presented Bigure 10and11.
Monday morning values of this power level are high.
These two effects are linked; the increasing
temperatures lead to increasing power levels of air
conditioning installations. i T

The warmest room shows the same tendency. The <
temperature increase and it leads to increasingygne -
use and higher power level of air-conditioning
installations. In this case, the augmentation of T
maximum temperatures is less important than the *
coldest room, and the energy demand stays less
important in comparison with the coldest room. This

difference should come from the Monday restarts of

air-conditioning machines. In the warmest room, the

temperature difference, between week and weekendFigure 10: Whole building average temperatures
remains less than in the coldest room. A

| © average min O average max & average total ‘

— —Linear (average min) - - - Linear (average max) — - -Linear (average total)

Temp C
8

\

\
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\J>
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\
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15
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2010 2030 2050 2070 2090 2110 2130 2150
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Figure 11: Whole building energy consumption and
maximal power

Intensive night ventilation is a well-known tool to
decrease temperature in buildings. To study the
impact of this ventilation on energy use, a foords
higher air change rate during the night was appfied
the next simulations. We studied the years of 2008
and 2099. In both cases, the coldest and the warmes

2070 2110 2130

Years
Figure 8: Temperature peak values in the warmest
room (with air conditioning)

1990 2010 2030 2050 2090 2150
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rooms are analysed. The case of 2008 shows a cleaBottema, M. 1996. Roughness parameters over

benefit in temperature in the warmest and the ablde regular rough surfaces: Experimental
room too. The maximum day temperature falls with requirements and model validatiodournal of
1.5°C and the minimum night temperature with 4°C. wind Engineering and Industrial Aerodynamics,
As for the total building temperature, the valuegir 64, 249-265.

about 5°C. On the energy consumption, the gain is
around 45 % while the average sensible power is
lower with 28 %. These values demonstrate the
efficiency of intensive night ventilation in heat
evacuation in 2008. If we look the year 2099, the
coldest room values follow the same tendency. Demerges, G., Depont, B.: Study of impact of global
However, the warmest room temperatures are warming on building energy consumption (in
different. The minimal temperature drop 3°C but the French), Master 1 thesis, supervisor: Bozonnet,
maximal temperature augments 1°C. It means that E., University of La Rochelle, 2008.

the night ventilation is no more beneficial, as the
night temperatures in 2099 are higher than the
regulation temperature in our building. The used
energy in 2099 with night ventilation stays lower, .
than energy use without this ventilation, but the Meteorology and Climatology/ol. 45, Iss. 12.,
earnings are less important than in 2008. It isuabo pp. 1744-1765.

11 % for the total building. It put in evidence the Leroyer, S. 2006. Numerical simulations of the arba
importance of other parameters such as room  atmosphere with the model SUBMESO: case of
orientation or ventilation scenario, which shouldyp the UBL-ESCOMPTE experiment on the
an important role in the energy economisation. agglomeration of Marseille (in French), PhD
CONCLUSION Thesis, ECN —University of Nantes.

S . Long, N. 2003. Analyses morphologiques et
Building mdoor temperature evolut|o_n apd energy aérodynamiques du tissu urbain : application a la
consumption analysis was presented in this paper. A micro-climatologie de Marseille pendant la
analysis of available simulated climatic data was : . o

NS L campagne ESCOMPTE. PhD Thesis, Université
performed. A simplified building energy study des Sciences et Techniaues de Lille
showed that with climate change, building energy - q :
consumption could be three time more important in Macdonald, R. W., Griffiths, R. F., Hall, D. J. 129

Bozonnet, E. 2005. Urban microclimates impact on
the building energy demand- Street canyon case
(in French), PhD Thesis, University of La
Rochelle.

Dupont, S., Mestayer, P. G. 2006. Parameterization
of the wurban energy budget with the
submesoscale soil modelournal of Applied

one hundred years. A part of this study emphasis th An improved method for the estimation of
the night ventilation would not have the same surface  roughness of obstacle arrays,
beneficial effect on energy consumption in the ffetu Atmospheric Environment, Vol. 32, No. 11, pp.
It was showed that the conventional ventilation 1857-1864

techniques could not be able to compensate theyjasson, v. 2000. A physically-based scheme for the
temperature increase. At this stage of our analitsis urban energy budget in atmospheric models.

seems necessary to take into consideration local Boundary-Layer Meteorology, 9857-397.

climatic data during building thermal simulation. i
In perspective of our proiect. a morpholoaical Oke, T. 1987.Boundary layer climategSecond
Persp project, P 9 Edition ed.). University press, Cambridge.

analysis of two French cities by a GIS treatment ST i
allows us to take into consideration city's Raupach, M. R., 1994. Simplified expression for

characteristics in climatic models. The coupling vegetation roughness length and zero-plane
between the climatic model and the building displacement as fonction of canopy height and
simulation is planned. For this, another building area index,Boundary-Layer Meteorology’1:
simulation code will be applied, TRNSYS, to 211-2186,

simulate the buildings of Nantes city at their emtr Woloszyn, M., Rode, C. 2008. Tools for Performance
and 1960 state. Simulation of Heat, Air and Moisture Conditions
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