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Introduction

Thermal comfort and energy saving in the
building sector are still relatively new is-
sues in Chile and Latin America and are
rarely taken into account in building de-
sign: even a factor as important and cost-
free as the orientation of a house with
regard to the sun is ignored. 64% of the
energy used in Chile in the commercial,
public and housing sectorsis lost!. As shown
in various studies?, thermal comfort is gen-
erally low, both in winter and summer, and
heating loss in winter is immense. Thermal
quality also diminishes proportionally to
socio-economic levels, so that low-income
families face the double problem of high
heating costs and poor thermal comfort,
which in addition causes health problems.
For these reasons, the thermal and energy
quality of houses constitutes a significant
element in the area’s future sustainable
development process in terms of housing.
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Figure I Climatic chart of Santiago

This document intends to contribute to this

task by:

* explaining elementary processes of in-
teraction between climate and housing;

* proposing simple architectural design
recommendations for Central Chile;

* presenting analysis and design meth-
ods that can be applied to other areas,

Due to Chile’s great climatic diversity, the
Central Region was chosen for this study,
more specifically the inland area with San-
tiago and its Metropolitan Area, which ac-
counts for 40 % of the Chilean population.

Design methods

Traditional design methods and the
climate of the Central Region

Climatic charts give a quick monthly over-
view of average temperatures, average and
absolute extremes, maximum and mini-
mum relative humidity, global solar radia-
tion and precipitation. Figure 1 shows the
significant daily and annual thermal varia-
tions in the Santiago area, showing the
problem of very hot summers and cold
winters. Solar radiation is high, causing
thermal comfort problems in summer, while
in winter the sun can make a valuable
contribution to heating. Relative humidity

poses no major problems, except in poorly
ventilated dwellings in winter.

One of the most interesting traditional meth-
ods is the use of the Mahoney diagrams
(ref. Koenigsberger, 1973), which charac-
terize thermal stress for each month, prima-
rily based on temperature and humidity
extremes to arrive at general design recom-
mendations., The primary indicators are
thermal mass in summer (Figure 2, A1) and
protection against cold in winter (A2).

Other traditional design methods include:
* bioclimatic diagrams of Givoni, which
graphically depict monthly climatic ex-
tremes, along with the thermal comfort
range for the parameters of temperature
and humidity together with design, heating
and cooling recommendations;

* solar and shade diagrammes, which
trace the position of the sun throughout the
year to facilitate the location and sizing of
solar collectors and shading elements.

The main advantage of these methods is
their quick, simple application, but they
lack information related to climate and the
architectural project, leading to poorly de-
tailed and inaccurate design recommenda-
tions. Consequently, they are most useful
in simple cases and in initial analyses.

Diagnosis: (°C) J |F [M [a J |1 la[s]|o [N |D
Monthly mean max. 29.4(28.7]|26.7| 23 17.9|144|14.5/16.2|1184|22 |25.1|28
Day comfort:  upper 28 |28 [28 |28 |25 |25 |25 25 |25 |28 |28 |28
Day comfort; lower 21 21 21 21 I 20 20 20 |20 |20 2] 21 21
| Monthly mean min. 12.4|/11.8|10.1| 76| 5.7] 3.7) 32| 43| 59| 7.8 9.5/11.8
Night comfort: upper |21 21 |21 21 |20 |20 (20 |20 [20 |21l 21 |21
Night comfort: lower 14 14 14 14 14 14 |14 |14 14 14 14 14
Thermal stress: day H H (0] (0] C C 2 C G o |o 0
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Indicators:
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(Note: H = hot; C = cold; O = comfort)

Figure 2 Mahoney diagram for Santiago (only Table 2)



Modern design methods

Modern design methods consider a much
more detailed description of climatic con-
ditions, architectural design, and building
usage. This is now possible with computer
programmes, which deliver detailed and
relatively accurate results on the thermal
and energy behaviour in a building. The
drawback is its complexity and the great
amount of information required, which
demands more training and implementa-
tion time for each project. Nevertheless, its
use can be justified for:

* innovative projects, eg passive design,

* large-scale projects,

» research (case studies; parametric stud-
ies; design guidelines and recommen-
dations; development of simple design
and sizing tools; bioclimatic design,
passive use of solar energy, passive
heating and cooling).

Figure 5 House at 14.00 h, 15 March

Parametric study

In order to quantify the design recommen-
dations for the Central Region of Chile
given in this paper, a small parametric
study was conducted for low-income or
medium-income houses under the climatic
conditions prevailing in Santiago. A de-
tailed simulation of the thermal behaviour
of ahouse was performed with the DEROB-
LTH programme, developed by the Uni-
versity of Lund (Sweden), as part of the
author’s postgraduate course in “Architec-
ture, Energy & Environment — Tools for
Climatic Design”,

The simulation involved the western half
of a semi-detached house, the most com-
mon form of dwelling in the Santiago sub-
urbs. Based on this simple model passive
house (without mechanical heating or cool-
ing), different design parameters were ap-
plied to determine their effect on thermal
comfort. The temperature differences in
the various simulated scenarios were more
important than absolute values, since vari-
ous factors such as ambient temperature
and user behaviour can change from one
day or project to the next.

The design of the model house is shown in
Figures 3 to 5 from the sun’s position,
showing the shading of the north facade in
summer by the overhanging roof, with a
shadow angle of 70°. The long axis of the
house (9 x 7.2 m) has an east-west orienta-
tion. The living room window (1) correctly
faces north, the bedroom window (2) faces
south, and the loft (3) is non-habitable
space. The main building elements are:

» floor: concrete

+ windows: single glazing (common in

Chile)

* roof: corrugated galvanized iron sheets
» ceiling: 12 mm plasterboard (in some
cases with polystyrene insulation)

« doors: hollow wooden elements
» loft wall: 12 mm pine
* Dbuilding partition wall: without heat
transmission to the other half of the
semi-detached house
* heavy construction walls (standard):
— outer walls: cement rendering, 100
mm concrete, plaster
— innerwalls: 100 mm brick with plas-
ter on both sides
+ lightweight construction walls:
— outer walls: 12 mm pine, 50 mm
cavity, 10 mm wood fibre board
— inner walls: 10 mm fibre board, 50
mm cavity, 10 mm wood fibre board

The material specifications were taken from
the Chilean Standard NCh853.0191; those
not appearing in this standard are from Gut
and Ackerknecht, 1993.

The air infiltration was estimated at one
replacement of air per hour (1/h) for the
dwelling and 5/h for the loft. Internal heat
gains in the habitable spaces were esti-
mated for 4 people and their electric power
consumption adding up to about 12 kWh/
day. The simulations were made for the
representative days of 15 January (sum-
mer), 15 April (autumn) and 15 July (win-
ter). Climatic data are the same as those
presented previously for global solar radia-
tion and monthly maximum and minimum
average temperatures which an auxiliary
programme converted into hourly values.

The thermal behaviour of a standard case
for the seasons of the year can be seen in
Figures 6 to 8. In summer, due to outer
temperatures above 30°C, overheating typi-
cally occurs in the afternoon, especially in
room 1 facing north, but also in room 2
facing south, although both rooms are pro-
tected from direct solar radiation for most
of the day by the roof. The loft reaches
temperatures of up to 45°C in causing over-
heating of the other spaces as a result of the
non-insulated ceiling and non-shaded dif-
fuse solar radiation. Figure 7 shows tem-
peratures near or within the comfort range
in autumn in those spaces that are occupied
during the daytime, so this season is less
important. In winter the indoor tempera-
tures are very low but thanks to solar and
internal gains, especially room 1 generally
remains above the outdoor temperature.

| Autumn
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Figure 7 Standard case in autumn

: . [Winter]
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Figure 8 Standard case in winter
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North-facing window, small,
medium and large, in summer

Design recommendations

These design recommendations are based
on the parametric study, the Mahoney chart
for Santiago, the solar diagramme analysis
and the literature referred to at the end.

Building form and orientation

Aim: To prevent solar gain in summer, but
permit it in winter, to minimize heat loss.
Analysis: In summer, the north facade and
its windows receive minimum solar radia-
tion, as the sunrises in the southeast, passes
near its zenith at midday (min. 10° dis-
tance) and sets to the southwest; in winter
the north side receives the most radiation,
the east and west receive less and the south
facade the least, since the sun rises to the
northeast, passes overhead due north (min.
33%) and sets to the northwest.
Recommendation: East-west orientation
of the dwelling’s long axis, with maximum
facade facing north and minimum fagade
facing east and west; windows preferably
facing north, few to east and west and mini-
mum to the south; compact design.

Window size, solar protection

Aim: To prevent solar gain in summer, but
permit it in winter, to minimize heat loss.
Analysis: In summer, insufficient control
of solar radiation greatly overheats the in-
habited spaces. Figure 9 shows the heat
gain in summer in relation to window size.
Despite shades, windows admit diffuse ra-
diation and external heat by conduction. In
winter (Figure 10), the day temperatures
increase in proportion to the size of the
north window, but with larger windows the
temperature drops rapidly after sunset, es-
pecially with single-glazed windows, which
lose more heat than the walls.

Recommendation: Use medium-sized
windows on the north face with movable
awnings for solar protection, small win-
dows to the east and west with movable
protection or a combination of horizontal
and vertical shading, and minimum win-

North-facing window, small,
medium and large, in winter

insulation in summer

dow area on the south side. Windows fac-
ing north with good movable solar protec-
tion and double glazing can be larger and
more useful for passive heating in winter.

Thermal insulation

Aim: To prevent heat gain in summer, heat
loss in winter through walls, ceiling, roof.
Analysis: A ceiling or roof without insula-
tion loses more heat than a wall, and the
heat in the loft easily spreads to all the
inhabited spaces through an uninsulated
ceiling. Furthermore, Figures 6 to 8 show
how the loft temperature (Tin3) always
remains above the outdoor temperatures at
night, due to the heat it receives from the
remainder of the house through uninsulated
ceilings, representing a loss of energy in
winter. Figure 11 shows the decrease of
indoor temperatures in summer with the
use of ceiling insulation. The energy-sav-
ing effect in winter is better understood by
comparing the heat transmission (U) val-
ues (from Chilean standard NCh853 for
expanded polystyrene), which are directly
proportional to heat loss:
* 12 mm plasterboard ceiling

without insulation, U = 4.06 W/m2K;
* 12 mm plasterboard ceiling with

30 mm insulation, U = 0.97 W/m2K:
* 12 mm plasterboard ceiling with

100 mm insulation, U = 0.35 W/m2K.
Recommendation: Always install ceilings
under roofs with at least 80 mm insulation
in the Central Region (according to the first
mandatory Chilean regulation for insulat-
ing ceilings/roofs, which is currently being
drafted). According to the Ministry of Hous-
ing, the cost of this insulation is offset in the
first winter by lower heating expenses. As
a second priority, provide good insulation
of walls through proper selection of mate-
rials and construction methods. The third
priority is to use double-glazed windows.

Thermal inertia and construction mass

Aim: To reduce daily thermal fluctuation
and daytime overheating in summer.

Ceiling (0, 30 mm, 100 mm)

Heavy (HS) and lightweight
(LS) structures in summer

Analysis: The heavy structural elements of
a building (ie concrete, brick or stone walls
and flooring) absorb heat when the adjoin-
ing air temperature is higher than that of the
material, and release heat when the tem-
perature is lower, thusreducing the thermal
fluctuation of the interior space (see Figure
12). This effect, called thermal inertia, is
especially important in summer, when struc-
tures with high thermal inertia reduce
(over)heating during the day and release
heat at night, when outdoor temperatures
are lower. In the winter, thermal inertia also
helps to maintain a constant temperature
indoors, but the effect is less essential than
in summer. The effect of thermal inertia
grows with increased daily temperature
fluctuation, and is hence more important in
the inland Central Region (eg Santiago)
than in coastal areas, where the ocean’s
influence minimizes thermal fluctuation.

Recommendation: Use materials with high
thermal inertia and apply thermal insula-
tion on the outer facing of heavy elements.

Ventilation

Aim: To take advantage of low night tem-
peratures in summer to reduce daytime
heat and prevent excessive heat loss due to
infiltration of cold air in winter.

Analysis: Due to the dry climate. night
temperatures in summer are relatively low
and can be used for cross-ventilation to
cool the house, by opening windows on
opposite sides of the dwelling, as well as
the interior doors. The positive effect com-
pared with the standard situation in sum-
mer is clearly visible in Figures 13 to 15 for
different spaces and window sizes in a
house with heavy walls and 30 mm ceiling
insulation, and with the air being fully
replaced 20 times per hour from 19.00 h to
08.00h. Atnight, indoor temperatures drop
and almost match the outdoor temperature,
without disrupting the night comfort range.
Temperatures remain below the maximum
outdoor values throughout the day, thanks
to the thermal inertia, if the window is not
too large, as in Figure 14. In winter, venti-
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I with medium (m) window

lation exceeding the minimum necessary
level for hygienic reasons (0.5 replace-
ments per hour) leads to an undesirable loss
of heat which reduces thermal comfort and
increases energy consumption.
Recommendation: Facilitate cross-venti-
lation in summer when the outdoor tem-
perature is lower than indoors, and reduce
daytime ventilation to a minimum; keep
doors and windows tightly shut in winter
to limit ventilation to necessary levels for
oxygen consumption and removal of hu-
midity caused by persons and stoves.

Conclusions

The analyses and recommendations show
that the thermal comfort and energy effi-
ciency of a house can be significantly im-
proved with simple, economical measures.
These can be useful in the design, construc-
tion or renovation stages as well as in
selecting a dwelling for future users.

Passive heating and cooling offereven more
possibilities than those mentioned here, but
the design process is more complex. Closer
examination of design strategies and tools,
their extension to other climatic areas, and
the widespread application still needed,
require greater research, training and dis-
semination efforts in future. Hence, the
methods assessed in this paper, especially
the thermal simulation, proved their effi-
ciency and great potential for future ther-
mal improvements in dwellings as an es-
sential element for a process of sustainable
development in Chile and Latin America.
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What is BASIN?

Building materials and construction technolo-
gies that are appropriate for developing coun-
tries, particularly in the low-income sector, are
being developed, applied and documented in
many parts of the world. This is an important
prerequisite for providing safe, decent and af-
fordable buildings for an ever-growing popula-
tion.

But such new developments can do little to
improve the building situation, as long as the
information does not reach potential builders.
The types and sources of information on stan-
dard and innovative building technologies are
numerous and very diverse, making access to
them difficult.

Thus, in order to remedy this drawback, Shel-
ter Forum, GATE, ITDG, SKAT and CRATerre
are co-operating in the Building Advisory Service
and Information Network, which covers five prin-
cipal subject areas and co-ordinates the docu-
mentation, evaluation and dissemination of in-
formation.

All five groups have a co-ordinated database
from which information is available on Docu-
ments, Technologies, Equipment, Institutions,
Consultants as well as on Projects and Pro-
grammes. In addition, printed material or indivi-
dual advice on certain special subjects is pro-
vided on request. Research projects, training
programmes and other field work can be imple-
mented in co-operation with local organizations,
if a distinct need can be identified and the circum-
stances permit.

BASIN is a service available to all institutions
and individuals concerned with housing, building
and planning in developing countries, but can
only function efficiently if there is a regular feed-
back. Therefore, any publications, information,
personal experiences, eic. that can be made
available to BASIN are always welcome and will
help BASIN to help others.
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