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Abstract. Getting a healthy and comfortable indoor environment in homes in southern Europe
is a complicated task. In continental climates, with very cold temperatures in winter and very
hot in summer, energy consumption greatly increases with air conditioning significant
spending. To propose action guidelines for use of natural ventilation and to develop effective
design strategies is essential. Therefore, and given a specific building type block of flats in
Madrid, this article focuses on establishing what periods of the year natural ventilation is
required to reduce energy consumption in air conditioning, also considering the quality of the
outdoor environment and the design of the building. To develop this, a statistical study of the
chosen type, that allows studying the direction and the wind speed in the area, is performed.
Analysis of wind pressures in holes in the facade is performed by means of numerical
simulations of fluid flow (CFD) inside to later infer in the natural ventilation rate required
within policy parameters. With the data obtained, a study of energy saving is made as a
function of natural ventilation rate established for the building type.

1. Introduction

1.1. Natural ventilation and its influence on energy saving

Natural ventilation is the process through which indoor air is replaced by fresh outdoor air. This
happens through openings in facade in order to achieve users’ thermal comfort and good levels of
indoor air quality without consuming energy. Natural ventilation is widely used to improve Indoor Air
Quality (IAQ) as it affects occupants’ health. Good Indoor Air Quality is defined as air free of
pollutants although, if it is not good enough, it can cause users irritation in eyes, nose and throat;
discomfort; or even health problems such as respiratory or cardiovascular diseases [1]. In this context,
air exchange rate is as an extremely important factor to take into account to avoid pollutants
concentrations indoors. Air exchange is achieved through ventilation in order to ensure a healthy
indoor environment [2-5]. However, the use of insulation and tighter buildings are more which have
reduced heating and cooling energy demands. This is to the detrimental of ventilation as air exchange
decreases and pollutant concentration indoors increases [6]. Ventilation is included within Heating,
Ventilation and Air-Conditioning systems (HVAC), which suppose most of the energy consumption in
a building; on the one hand, Orme [7] established in 1991 a percentage of 26.48% of the total annual
energy delivered in service and residential buildings; on the other hand, The International Energy
Agency ensures that the European HVAC consumption has increased meaningfully, it supposes
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approximately 50% of the total energy consumption in European buildings [8-9]. In addition,
inappropriate ventilation supposes up to 70% in heat losses [5, 10].

Renewable energy is intended to satisfy the energy demand in housing blocks but, in most cases,
this is not satisfactory enough. Energy consumption must been avoided wherever it is possible.
Therefore, the use of natural ventilation becomes essential to achieve this goal.

1.2. European research on ventilation and regulations regarding Indoor Air Quality in Spain
Although there are regulations available on air quality, there is still a lack of experience and know-
how regarding this field, especially within the main stakeholders such as engineers, architects, housing
corporations, product producers [11]. This lack of knowledge was identified by several European
projects such as the NatVent Project [12] or the HealthyAir Project [13]. Considering the outcomes of
the European Project HealthyAir, improvements regarding Indoor Air Quality and ventilation must be
developed in three fields [13]: education and awareness; regulation and policies; and research and
development. This Project has demonstrated that people in charge of building design are generally not
aware of ventilation issues and they declare that they do not have simple tools for creating a proper
design regarding ventilation. It is therefore necessary further research and transfer of knowledge.

HealthyAir Project also shows that the regulations need to be updated [13]. Most of building codes
consider CO; the predominant pollutant in indoor spaces, but new construction methods and
technologies have increased the concentration of other pollutants or have crerated new ones.

There are several regulations which can be applied in residential buildings in Spain: the European
standard UNE EN 12207:2000 [14]; and the national standards CTE-HS3 [15] and RITE [16]. The
national standard CTE-HS3 is a section of the Spanish Technical Building Code which covers the
aspects related to Indoor Air Quality in buildings and it has applicability in residential buildings and
their different areas. This standard shows the minimum ventilation flows per area (table 1).

Table 1. Minimum ventilation flows required. CTE-HS3

Minimum ventilation flow (L/s)

Per occupant  Per usable m®>  Considering other parameters
Bedrooms 5

Living rooms 3

Bathrooms and toilets 15 per room
Kitchens 2

Storerooms 0.7

Garages 120 per parking space

Residential building area

The other national standard, RITE (Regulation for Thermal Installations in Buildings) establishes
which must be the thermal conditions regarding indoor design in buildings in Spain (table 2).

Table 2. Indoor thermal conditions. RITE.
Season Temperature (°C)  Relative humidity (%)
Summer 23-25 40-60
Winter 21-23 40-50

1.3. Environmental conditions affecting ventilation in Madrid

Natural ventilation must be an important factor to be taken into account for the building designers.
Location, position and design of the building, as well as the environmental conditions, must be studied
to reach energy saving through optimum natural ventilation. Natural ventilation of a building occurs
because of the ambient condition around it; wind direction and temperature vary along the day thus, a
good design focused on natural ventilation must study those changes [17]. The design which takes
climate into account is the bioclimatic design and it has the purpose of reducing energy demands for
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heating and cooling [18]. In this type of design, natural ventilation is included next to passive climate
control strategies and renewable energy in bioclimatic design.

The city of Madrid is included within the Community of Madrid, in Spain, in Southern Europe.
There are several types of climate in the Community of Madrid [19] as the result of various Atlantic
storms with stable air of subtropical origin. Stable air predominates during 60 per cent of the days of
the year. Most of the territory is under the Mediterranean climate (temperate climate), which is
characterized by dry and hot summers, with an average of temperature above 22°C, and wet and cold
winters. In the urban area of Madrid, the climate is modified by the heat island effect. Heat generated
from the constant urban activity causes an increase in average temperature values in both day and
night temperatures. Additionally, absolute humidity is lower because of the scarce vegetation and little
evaporation. In the city of Madrid, the following climate values, provided by the State Meteorology
Agency [20] (AEMET), can be found (table 3), from May to September.

Table 3. Normal climate values in Madrid.

Period: 1981-2010
Area: Retiro; Latitude: 40° 24’ 43’ N; Longitude: 3° 40’ 41’ O; Height (m): 667

Month T ™ Tm R H DR DN DF DH |

May 16.7 222 11.3 50 53 7.3 0.0 0.1 0.0 268
June 222 282 16.1 21 44 3.4 0.0 0.0 0.0 315
July 256 321 19..0 12 38 1.7 0.0 0.0 0.0 355
August 251 313 18.8 10 41 1.7 0.0 0.0 0.0 332

September 20.9 264 15.4 22 50 3.3 0.0 0.2 0.0 259
T, average monthly/annual temperature (°C)

TM, average monthly/annual temperature during the day (°C)

Tm, average monthly/annual temperature during the night (°C)

R, average monthly/annual precipitation (mm)

H, average relative humidity (%)

DR, average monthly/annual number of rainy days equal or above 1mm
DN, average monthly/annual number of snowy days

DF, average monthly/annual number of foggy days

DH, average monthly/annual number of days of frost

I, average monthly/annual number of sunny hours

As it can be seen in the table 3, natural ventilation is possible in most of the months along the year,
whenever outdoor temperature does not exceed 28°C [21]. In addition, the Outdoor Air Quality [22-
23] in Madrid has appropriate values to develop ventilation in buildings, considering values provided
by AEMET related to the concentration (ug/m3) of NO2, NO, CO, O3 in the environment (table 4).

Table 4. Outdoor Air Quality in Madrid
Element NO; NO CO O3 PM 1o
Concentration (ug/m®) 50-75 10-20 100-200 100-120 20-31

It is difficult to quantify wind velocity and direction, as it is varying continuously and it also
depends on the area where anemometers are located. It has been chosen a specific area in Madrid,
which is called Retiro (Latitude: 40° 24’ 43°* N; Longitude: 3° 40’ 41°" O; Height (m): 667), to obtain
the average values [24-25] of the wind that are going to be considered for this study (figure 1). Wind
speeds above 5m-s™ have a frequency of occurrence much lower than the ones below that value;
therefore, the wind speeds considered in this study are: Om-s™ for wind speeds below 1m-s?; 2m-s*
for wind speeds of 1-3 m-s™*; and 4 m-s™ for the rest of the values below 5 m-s™.
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Figure 1. Wind direction (%) and average wind speed (Km/h) in Madrid

1.4. Spending per household on electricity

Considering a previous study, developed by AIS Group from 2010 to 2013, which measures the
evolution of the average expenditure on energy in Spain; every home in the country spends an average
of €725 for paying the electricity bill, although in most areas of the city of Madrid the electricity
consumption is lower than €650 (figure 2).

< €650

€650 - €800
mm > €800

Figure 2. Average expenditure per household on electricity in 2013.

Air-conditioning in Madrid represents an average annual consume (per home) of 1220 KW/h per year
and an annual cost of €246 per year. This data means that, considering the use of air-conditioning
during the months from May to September, families in Madrid spend an average of €49.2 per month.

1.5. Social Housing in Madrid

The price per square meter of Private Market Housing was € 2,085.5in 2007; it was € 1,014.6higher
than Social Housing. From 2013 until nowadays, prices of Private Market Housing (figure 3) in Spain
have been reduced in such a way that differences between both types are about 300€ [26].
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Figure 3. Private Market Housing prices vs. Social Housing prices (€/m?). 2008-2015

People living in Social Housing Blocks usually have low income. Thus, providing different ways of
economic saving reducing energy consumption supposes a benefit for them. What is intended to
achieve in this paper is to acquire comfort conditions and good Indoor Air Quality in the areas of the
home where occupants spend most of their time, bedrooms and living rooms, using natural ventilation
whenever it is possible addressing therefore the minimum energy consumption.

1.6. Obijectives for this study
Considering the information provided, the main objectives for this study can be resumed as the
following:
o Determine ventilation rates and air changes per hour in living rooms and bedrooms
o Define the stages when cooling by air conditioning can be replaced by natural ventilation
o Determine both energy saving and economic saving that supposes the use of natural
ventilation

2. Methodology

2.1. Previous data
e Wind speeds considered for this study:

e Om-s™ for wind speeds below 1m-s*
e 2m-s* for wind speeds of 1-3 m-s*
e 4 m-sfor the rest of the values below 5 m-s™
e Wind directions: Northeast and Southwest
¢ Indoor comfort conditions:
e Summer: temperatures of 23-25 °C and relative humidity of 40-60%
e Minimum ventilation flow
e Bedrooms: 5I/s per occupant
e Living rooms and dining rooms: 3I/s per occupant
e Considering the study of C. Dimutroulopoulou and J. Bartzis [27] where they determine that
several health problems can started to be developed by the occupants of indoor spaces
(irritations or allergies can be suffered) above air flows of 10L-s*-person™ , a maximum
threshold of 10L-s™-person™ has been established for natural ventilation air flow indoors.
o Periods of the year when people uses air-conditioning [21].
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e Bedrooms: 13:00-7:00 (18 hours per day)
e Living rooms: 13:00-22:00 (9 hours per day)

2.2. Morphologic characteristics of the housing block studied

In Spain, the most common typology of housing is the 6-7 storey building. Linear housing blocks with
rectangular shape in floor plan. This paper have considered the next type of housing block to develop
the study located in Madrid [29], oriented to Southeast (figure 4).

-‘— — N
Dwelling A L C‘/\_
J

Figure 4. Housing block considered for this study. Floor plan of 6 storey building located in Madrid

Dwelling A highlighted in figure 4 represents the floor type of every dwelling in the housing block
and it is detailed in figure 5. It has a total of 67.53 m% The living room and bedroom 3 face the
southeast facade and the rest of bedrooms (bedroom 1 and bedroom 2) are located in the northwest
area of the dwelling. The rest of dwellings are equal to dwelling A 0 symmetric to it.

e S ——
|
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Figure 5. Floor plan of dwellings in the housing block. Dwelling useful floor area: 67.53 m?

2.3. Air flow simulation

To develop methodologically this work, previous studies have been taken into account. Bangalle et al.
[17] developed flow simulation considering wind pressure differences as the main tool for natural
ventilation; this occurs in buildings through openings in fagade causing a circulation of flow due to
differences in indoor and outdoor temperatures and pressure differences in facades (faces) of the
building. This is why windows (and the influence on one into other) play an important role in natural
ventilation processes. Even if there is no external wind, natural ventilation in rooms can occur because
of recirculating flow due to temperature differences. However, as it has been shown, natural
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ventilation can be much more effective under certain climate conditions. Having an appropriate
outdoor environment, with an adequate outdoor air quality, is essential [28].

Different approaches can be established to study ventilation flows. The most important ones are
experimental studies, empirical models and numerical simulations by computational fluid dynamics
(CFD). CFD simulations have several advantages such as the reduction of costs. Different models can
be also considered modifying the architectonic design to predict which the best one in terms of
ventilation is. In this study, air flow simulation has been carried out using the CFD package called
FLUENT in order to predict wind pressures in facade.

3. Results

3.1. Natural ventilation rates in rooms
CFD simulations have been developed [21] within a flow rate domain with the next dimensions:

e Length: 22H; width: 16H; height: 3H
Being H the height of the building which has been considered for this study (19m). The right-side and
left-side limits all along the length of the domain have been established as the inlet and outlet planes of
the wind flow through the flow domain. The symmetry planes considered are the top part of the flow
domain and the rest of the sides; therefore, normal speeds values are zero in those planes.
CFD simulations have been based on k-epsilon turbulence model and the Quick scheme and Simplec
algorithm have been used in order to obtain more quickly a converged solution.
CFD simulations have been developed to obtain wind pressures in openings in the. The studied block
is an 8-storey building, which has been considered in its whole to obtain the pressures. The cross
ventilation rates can be obtained by modeling a single storey of the building, taken into account its
location height, and by using the software COMIS. In every floor there are 24 openings (windows) in
the facade, where wind pressures have been assessed using CFD predictions. Figure 6 shows wind
pressure coefficients in floors between the first one and the fourth one (4F) and from the fifth one and
the eighth one (8F) considering the wind directions from the South direction.

€ S Wind o4F

.g = 8F

E 0.1

2 :

o 01 - - +—s

5 . s e . H

5 _03 HE [ = [ [ - = '] Hi n M . -

R . —e—s . —

E -0.5 = .

= 0 5 10 15 20 25
Openings

Figure 6. Wind pressure coefficient in the South fagade with Southwest wind

It is important to take into account the vertical variation of the wind speed all along the height of the
building, having as reference point the terrain. In COMIS, this variation is established by the use of
power law model. To simulate the air flow, the process was simplified to reduce time for the
converged solution but acquiring correct outcomes, this is why, in view of that network model which
was developed had into account all the rooms of a single floor, air flows between the different storey
of the building were not considered nor infiltrations by the facade through cracks. The model in
COMIS includes 68 flow links which represent the windows and the doors in the whole floor and also
24 nodes in the external fagade, one per window of each floor for which a wind pressure coefficient
(obtained by the CFD simulation) is assigned.
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3.2. Energy saving by means of natural ventilation
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Figure 7. Mean natural ventilation rates reached in living rooms and in bedroom in the housing block

The average natural ventilation rates have been calculated through the method shown above per each
of the rooms where air conditioning is installed (living rooms and bedrooms) in both 4F and 8F group
of floors. Figure 7 shows the average natural ventilation rates determined for living rooms and
bedrooms of the flats 8F (floors between 5 and 8) of the studied housing block. It can be seen that, in
some cases, air changes above 50ACH can be reached in some rooms and in every case the current
regulation about ventilation is met. This study has shown that indoor temperatures suffer a wide
variation when air changes per hour go from 2ACH to 30ACH. Figure 9 illustrates the energy saving
that supposes natural ventilation use (avoiding air-conditioning use).

5 EN —6— S0ACH
0 o \ 8\ —8— 30ACH
s \ :\ - 10ACH

y use (kWh)
)
n

O
f=}

Saved A/C ener

May June July Aug. Sept. May June July Aug. Sept.
| | |
Living rooms Bedrooms

Figure 8. Saved air-conditioning energy by means of natural ventilation in living rooms and bedrooms

Figure 8 shows that the saved air-conditioning energy increases with the natural ventilation rate. Only
with a ventilation rate of 2ACH a high saving can be reached in both months May and September but
this saving is very low during June, July and August. By increasing the natural ventilation rate, the
energy saving also increases, until values of 30ACH are reached, from which the growth is no longer
significant. The outcomes shown in figures 7 and 8 can be explained as follows:

e In the Mediterranean climate, in wild months such as May (shown in table 3), outdoor
temperature is below 26°C. Low ventilation rates during this month will maintain indoor
temperature under 26°C therefore, air-conditioning energy can be avoided.

e When temperatures during the day start to be closer to 26°C, it is necessary to increase air
change rates to obtain a higher natural ventilation.

e When outdoor temperature has values of 26°C or higher, the use of natural ventilation shall be
limited, it will be used whenever outdoor temperature is below 26°C. As is can be seen in
figure 8, the saving values in the hottest months (July and August) are minimum compared to
the rest of the months considered.
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Figure 9 in percentage of saving during the months concerned. This analysis shows that, by using

natural ventilation, a percentage of 13% of annual saving in air-conditioning energy use is achieved.
1Saving (%)

00

80 \
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40 N\
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0.

May June July Aﬁgust September |
Figure 9. Economic saving percentage (%) in every month by means of using natural ventilation

4. Conclusions

In this study a practical approach and its application is presented and exemplified with a case-study in
which natural ventilation rates achievable in living rooms and bedrooms are shown, as well as the
minimum energy saving that can be reached by means of using natural ventilation in social housing in
a widely used architectonic typology in Spain for this kind of building.

The modeling approach involves the use of CFD simulation software for predicting wind pressures
on the windows on the fagade of the building, using a network model to predict natural ventilation
flow rates in residential flats. Cooling energy saving achievable was taken as the use of cooling energy
that can be avoided due to the presence of natural ventilation during the periods in which the outdoor
environment permits its use, so that the indoor temperature can be maintained below the tolerable
upper limit (26°C) through natural ventilation without using air-conditioning energy. However, within
a nominal air conditioning period, once the indoor temperature exceeds the tolerable limit and air
conditioning has been turned on, the assumption has been made that the air conditioners were
maintained working during the remaining nominal air-conditioning period. The results reflect that
natural ventilation can be highly effective to reach optimal thermal comfort conditions by reducing the
use of air-conditioning, meaning a 13% of saving considering the total cooling energy use.
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