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ABSTRACT

In temperate continental climates, the reduction of
the solar radiation influence in summer season, over
the comfort conditions of internal spaces, can only be
achieved by natural means in two ways: one possibility
is through occupants’ adjustments of themselves (cloth-
ing, activity, metabolism) and the second possibility is
through occupants’ control of the energy flows (heat,
light, sound) in-out the building (management of the
envelope). The failure of one, or both strategies, can
result in the compromise of internal comfort and as a
consequence, the abuse of active non-renewable energy
consuming devises. This paper assesses two main pas-
sive techniques for overheating prevention: solar shad-
ing and ventilation by analysing window opening and
blind usage patterns of typical family houses. The study
is conducted during working days and on weekends to
address the “home alone” situation and the “full house”
scenario. In each case internal gains by occupation and
hourly management of the envelope can be opposed
variables. Integral comfort perception (including ther-
mal, visual and auditive comfort) does not always match
internal temperature measurements. Criteria of how to
address this problem are discussed, focusing on how to
support intuitive management of the envelope and the
correct selection of energy flow in-out the building.

1. INTRODUCTION

Solar shading and ventilation patterns: to what extent
are they accurate to comfort expectations? This ques-
tion will lead the development of this paper. There are
two main parts in it:

On one hand, solar shading and ventilation, that is: two
passive strategies for summer season and these related to
the word patterns, meaning the way they are being used,
and, by whom? By occupants, of course! On the other
hand, the problem s set (notrelated to a physical response
ofthebuilding) buttoapsychological space perception by
the mentioned occupants and their comfort expectations.
It is not hard to see that the possibility of comfort (and

PALENC 2007 - Vol 1.indd 372

with that the responsibility to meet own expectations)
lays on occupants (in summer, given a building with ad-
equate thermal mass, solar shadings and openings for
ventilation in a continental temperate climate).

Are occupants conscious of what they have in hands?
Are architects and designers aware that the actual per-
formance of what they project and build “to meed com-
fort requirenments” will be constantly (or not) modify
by occupants? Do they give main guidance on how to
manage the building? Are all buildings the same? Are
all users the same?

2. WHAT DO WE MEAN BY COMFORT?

There are many definitions of comfort. It is important to
identify the variables that come into play for its achieve-
ment. Let’s review some of the most significant answers
to this matter:

Comfort may be defined as the sensation of complete
physical and mental well-being. Thus defined, it is only
to a limited extent within the control of the designer.
The occupants’ biological, emotional and physical char-
acteris-tics also come into play. (Goulding et al., 1992).
Thermal comfort for an individual is also famously
described by ASHRAE Standard 55-2004 as ‘that con-
dition of mind which expresses satisfaction with the
thermal environment’. Quantitative units for local dis-
comfort, under steady-state conditions, are given in ISO
7730 (ISO, 1984).

Classic comfort standards are based on the heat balance
model of the human body, which assumes that ther-
mal sensation is influenced by four environmental fac-
tors (temperature, thermal radiation, humidity and air
speed), and three personal factors (metabolism, activity
and clothing). New theories state that thermal sensa-
tions, satisfaction, and acceptability are all influenced
by the correspondence between what really exist and
occupant’s expectations.

Over time the temperature that people find comfortable
(the ‘comfort temperature”) is close to the mean temper-
ature they have experienced. This implies that the con-
ditions that occupants find comfortable are influenced
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by their thermal experience and that they can adapt to a
wide range of conditions. Temperatures up to 2 °C from
the comfort temperature generally give only a minimal
rise in discomfort (Nicol and Humphreys, 2005).
People who live and work in naturally ventilated free
running buildings, where they can adjust the envelope
of the space by opening windows and moving blinds,
become used to thermal diversity that reflects local pat-
terns of daily and seasonal climate variability.

That is: building occupants will make themselves com-
fortable, first if they are given the opportunity and sec-
ondly if they are willing to do so. Such a description is
inherently more sustainable as it does not seek to spec-
ify answers, but only to provide the necessary character
and context for a successful building. As a result, the
relationship occupant-building will be looser, the build-
ing more flexible and the occupant more responsible. In
this line of design often significantly less energy will be
required to achieve ‘comfort’.

3. OCCUPANTS’ PARTICIPATION

The way in which comfort is achieved is particularly
important in passive solar buildings as it can have a pro-
found effect on occupant’s perception of well-being.

In temperate continental climates, the reduction of
the solar radiation influence in summer season, over
the comfort conditions of internal spaces, can only be
achieved by natural means in two ways: one possibility
is through occupants’ adjustments of themselves (cloth-
ing, activity, metabolism) and the second possibility is
through occupants’ control of the energy flows (heat,
light, sound) in-out the building (management of the en-
velope). This second group is directly dependent on the
design of the building and its cooling systems. The fail-
ure of one, or both strategies, can result in the compro-
mise of internal comfort and as a consequence, the mis-
use of active non-renewable energy consuming devises.

3.1 Occupants’ adjustments of themselves

For constant clothing levels, the temperature ranges
for comfort are relatively small (+/- 2°C). However, if
people are willing to modify their clothing during the
day, then a much wider temperature range is acceptable
(+/- 4°C). This is a first step toward personal adaptation
specially in daily very variable climates such as temper-
ate continental climates.

Givoni suggests that the comfort temperature range in
acceptable still air conditions, for people that inhabit de-
veloped countries, is 20°C-26°C for the 80% of persons in
comfort with 1 cl6 and 1 met of activity. (Givoni, 1991).
For countries in development the author suggests the
flexibility of 2°C of the limit temperatures, that is 18°C-
25°C in winter, and 22°C-28°C in summer. The author
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refers as developed countries, to habitats with central
conditioning. Inhabitants of spaces without this type of
thermal conditioning tolerate higher thermal variations.
In relation with the level of activity we can affirm that
sedentary people are particularly sensitive to local dis-
comfort whereas those with a higher level of activity
are less likely to complain. The type of activity that will
be developed in the building will increase or decrease
design temperature ranges.

To give a parameter towards the adaptive goal it is pos-
sible to state that during progressive increasing or de-
creasing temperatures with changes up to 5°C an hour
people sense the actual thermal environment in the same
way that they do in steady-state conditions.

But above all this, beyond fundamental physics and
physiology, occupants’ expectations and thermal prefer-
ences play an important psychological role. Occupants of
free running natural ventilated buildings need to accept
variability and to take action in their thermal environ-
ment by participating in the adaptation towards comfort.
Otherwise, their expectations will hardly be fulfilled.

3.2 Occupants’ control of the energy flows in-out the
building

The role of controls in comfort has been observed in the
past, but with the interest in adaptive comfort, there has
been an increasing interest in the way building controls
effect comfort and adaptability. POE-type surveys have
demonstrated theimportance of control onthe satisfaction
felt by building occupants (Leaman and Bordass, 1999).
The study about what controls are most effective/use-
ful/important, about how and why they are used by
building occupants, and about how they might be made
more effective must also become a concern of thermal
comfort research. (Nicol and Roaf, 2005)

Most houses are provided with the following means of
passive control of their envelope:

(1) open or close a window,

(2) open or close a door,

(3) adjust internal curtains,

(4) adjust an external blind (horizontal or vertical
depending on fagade orientation)
Andalsooccupantmayadjustmechanicalconditioningby:
(5) adjust a thermostat,

(6) turn a local heater/radiator on or off,

(7) turn local lighting on or off,

(8) turn general lighting on or off,

(9) adjust air-conditioning and

(10) adjust a local fan/air outlet.

Nowadays buildings present more possibilities of me-
chanical control thanpassive adaptation oftheirenvelope.
How and why controls are used? Passive controls need
anticipation and their effect are not immediate. To pre-
vent or allow energy flows in-out the building first it is
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needed to know what to do and when to do it. This is
time and mind demanding. On the contrary mechanical
conditioning adjustment usually provides an immediate
response and therefore there is no need of anticipation.
These characteristics make mechanical conditioning
more and more “popular” than natural envelope man-
agement since industrial revolution. We need to review
these habits towards the achievement of local and glo-
bal sustainability.

It is presented here one of the main keys that structures
occupant-building relationships: physical, physiologi-
cal and psychological self-adjustment variables in one
hand and on the other hand the possibility of in-out en-
ergy flows passive management. The first set of vari-
ables depends on occupants themselves (and their will-
ingness to adapt) and the second one depends mostly on
the time occupants spend in their house (and actually
perform the envelope management).

This analysis will be completed by studying two main
passive techniques for overheating prevention that are
(giving a house with thermal mass): solar shading and
ventilation patterns in two common situations: “home
alone” and “full house scenarios”.

4. MAIN PASSIVE TECHNIQUES FOR OVER-
HEATING PREVENTION

This paper assesses two main passive techniques for
overheating prevention: solar shading and ventilation
by analysing window opening and blind usage patterns
of typical family houses.

According to the Bio-climatic chart, Ventilation and
Thermal Inertia are suggested as adequate passive strat-
egies to regain internal comfort in temperate continental
climates. It is important to know wind’s characteristics
(direction and frequency) to analyse how to best profit
from this natural resource.

There are two ways in which Ventilation can improve
comfort: One is by a direct effect providing a higher
indoor air speed by opening the windows to let the wind
in, thus enhancing the cooling sensation of the inhabit-
ants. This strategy is termed Comfort Ventilation. The
other way is to ventilate the building only at night and
thus cool the interior mass of the building. During the
following day the cooled mass reduces the rate of in-
door temperature rise. This strategy is termed Nocturnal
Ventilative Cooling (Givoni, 1998)

As for solar shading, barriers and filters are usually
combined with the transparent elements of the envelope
to protect or to diminish the incidence of exterior en-
ergy fluxes. They can be movable or fixed; this choice
must be hand on hand with the possibilities of having an
active occupant.

Solar shading must respond geometrically with the ori-
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entation (vertical to protect east and west fagades and
horizontal to protect the surfaces facing the Equator).
They may be made with a great variety of expressions,
materials and colours to wider its possiblities of archi-
tectural integration and user acceptance.

In relation to solar radiation, opaque elements in so-
lar shadings will be barriers and translucid elements
will only act as filters. It is clear that in theory they are
highly recomended for temperate continental climates.
In pactice possibilities to prevent overheating with the
exposed passive techniques must be analysed related to
occupants’ use patterns. With that objective two houses
will be compared and analysed as a case study in Men-
doza, Argentina (32.88° south latitude, 68.85° west lon-
gitude and 827 m.a.s.1.).

4.1 Solar shading and ventilation patterns: “home
alone” and “‘full house” scenarios. A case study.

The study is conducted during working days and on
weekends to address the “home alone” situation and the
“full house” scenario.

Figure 1 shows a series of measurements of two cases:
Case A and Case B. Interior and exterior measurements
were performed in situ with HOBO data loggers eve-
ry 15 minutes. There were measured two equal rooms
within two exact houses, one next to the other, oriented
towards the equator in the city of Mendoza, Argentina.

In Case A there is a difference in the management of the
envelope on week days “home alone” situation and on
weekends “full house” scenario.

On week days the house remains most of the time closed
day and night avoiding in and out energy flow exchang-
es. This situation leads to avoid non desired energy
flows in, such as those during the hottest hours from
11 am to 18 pm. But also avoids the entrance of desired
energy flows at night time such as winds for convective
cooling. (See as an example Wednesday)

On weekends, as the family stays in the house, they
open the envelope during daytime without taking into
account that they are letting in non desired energy flows
that rise interior temperatures, and as a consequence
these are higher than the established upper comfort lim-
it. During night time the house is closed again and this
action prevents the entrance of desired energy flows.
(See as an example Sunday)
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CASE B: SUMMER - February 14th to 20th, 2005
monday tuesday wednesday thursday friday saturgay sunday

TEMPERATURE

TIME [hours] [

EXTERIOR INTERIOR |

Figure 1. Case A and Case B. In situ interior and exterior tem-
perature measurements. Compare “Home alone” situation (see
Wednesday as an example) and “Full house” scenario (see Sun-

day as an example).

Occupants’perception is that the house is “too warm” and
they tend to turn on the conditioner unit within the space
they are staying. They are used to the immediate response
by pressing a button to their temperature they desire.
In Case B everyday of the week the envelope tends to
be managed in the same way: most of it closed (win-
dows and blinds) during day time to avoid the entrance
of hot non desired energy flows and open at night time
to allow in cool desired energy flows. Ventilative cool-
ing works perfectly combined with the thermal inertia
and solar protection that the house already has. The
“full house” scenario that occurs on weekends can rise
the interior temperature due to an increment of inter-
nal gains. (Compare Wednesday and Sunday with their
equivalents in Case A).

Occupants’ perception is that the house is “very com-
fortable”. They are very self-conscious that the achieved
well-being is partly a result of their active use of the
controls in their house’s envelope.

6. CONCLUSIONS

Inrelationwiththequestionaboutcomfortitwasconcluded
thatthewayinwhichoccupantsevaluatetheindoorthermal
environment is context dependent and varies with time.
Therefore, thermal comfort is a goal of building occu-
pants and not merely a product of the building services,
although the building services may provide part of the
means by which the goal is achieved. Buildings and
their occupants interact continually and the relationship
between them is dynamic.

By studying the particularities of the case study in which
two exact houses were compared, the answer to the ini-
tial question: Solar shading and ventilation patterns: to
what extent are they accurate to comfort expectations?
Answers differ significantly.

In each case internal gains by occupation and hourly
management of the envelope can be opposed variables.
That is whenever there is occupation in the house, there
will be internal gains, but at the same time, this opens
the possibility of hourly adjustment of protections and
openings. As we observe in Case B, occupant’ actions
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are of great benefit.

Nevertheless, these possibilities will have a high profit
with active users that intuitively manage the envelope
in a successful manner (Case B), and could also have in-
verse consequences when users do not know when and
how to use the natural controls provided in the architec-
ture. (Case A on weekends). The third possibility is the
house free-running without any intervention of the oc-
cupant, that remains closed to desired and non desired
energy fluxed (Case A on week days). This last option is
preferable to the case of an incorrect use pattern.

It is then important to enthusiast occupants to participate
in the management of their living spaces, and in this is
crucial to focus on how to support intuitive manage-
ment of the envelope and the correct selection of energy
flows in-out the building. But, if users will not partici-
pate at all, the option is to design a free-running build-
ing focusing on fixed solar shadings to ensure a neutral
relationship with the environment, neither profiting, nor
benefiting from it. Another possibility is to add seasonal
timer controls for openings for a standard behaviour.

REFERENCES

ASHRAE (2004) Standard 55-04 Thermal Environmental Con-
ditions for Human Occupancy.ASHRAE, Atlanta.

Coch, H. (2003) La utilitat dels espais inutils. Una aportacio a
["avaluacio del confort ambiental a l’arquitectura dels espais
intermedis. PhD Thesis. Barcelona: UPC.

Ganem, C. (2006) Rehabilitacion ambiental de la envolvente de
viviendas. El caso de Mendoza. PhD Thesis. Barcelona: UPC.
Ganem, C., Coch, H. and Esteves, A. (2005) Ventilation related
to user habits. Considerations on environmental envelope
rehabilitation. Proceedings, 26th AIVC Conference. Brussels:
INIVE-AIVC- IEA.

Givoni, B. (1998) Climate considerations in buildings and
urban design. NewYork.: VanNostrand Reinhold.

Givoni, B. (1991). Comfort, climate analysis and building
design guidelines. Energy and Building, 18, 11-23.

Goulding, J., Lewis, O. And Steemers, T. (ed.) (1992) Energy
in Architecture. The European passive solar handbook. Brussels
and Luxembourg: CEC

ISO 7730 (1984) Moderate thermal environments. PMV and
PPD indices and specification of the conditions of thermal com-

fort. Geneva: International Standards Organization.

Leaman, A.J. and Bordass, W.T. (1999) Productivity in buildings:
the ‘killer’variables. BuildingResearch& Information,27(1),4—19.
Nicol, J. F. and Humphreys, M. A. (2005) Maximum tempera-
tures in buildings to avoid heat discomfort, in M. Santamouris
(ed.): Proceedings of PALENC Conference, Santorini, Greece,
Vol. 1, pp. 219 — 224.

Nicol, J. F. and Roaf;, S. Post-occupancy evaluation and field stud-
ies of thermal comfort. Building, Research & Information (2005)
33 (4) pp- 338-346. United Kingdom: Routledge, Taylor & Francis.
Serra, R. and Coch, H. (1995) Arquitectura y energia natural.
Barcelona: Edicions UPC.

3/9/2007 1:24:55 py





