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Earth Architecture as a Solution for Affordable and Sustainable
Homes

Frasca Davide

Abstract: The way to involve most of the population toward a sustainable building
development is to create inexpensive houses while keeping their characteristic of
sustainability.

The research shows that earth architecture can cope with this problem. The evidence
for this comes from the monitoring of two buildings, a rammed earth dormitory
insulated with straw bales located England, and an uninsulated cob family house
located in Spain.

In both buildings, the thermal behaviour and the humidity was monitored to assess the
ability of the earth structure to cope with different climate.

The analysis of the energy consumption for space heating and the full cost of the
building was made for the Spanish house only.

The conclusions of the research highlights the possibility to obtain a sustainable
building at a low cost and it suggests that the U-value is not a good parameter to judge
the performance of an earth building.
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1 — Introduction

The reason why it was chosen to answer the issue of sustainability in buildings with
earth architecture is because of the very low embodied energy of the earth, its quality
as an extra-low waste material, its potential to save energy for heating and cooling, its
ability to regulate air humidity, its ability to create a comfortable and healthy
environment, and its low cost.

This last point is fundamental if we want to persuade the majority of people to build
or buy a sustainable house.

At the moment a modern energy efficiency house cost more than a standard house,
and therefore only the people who can afford it or wish to spend more than usual will
contribute to the good of the environment.

Earth as a building material can be integrated in modern constructions giving an
important contribute to create sustainable and healthy buildings.


http://nceub.org.uk/

2 - Othona Solar Building

2.1 - Construction Details

The Othona Solar building is located in Bradwell-on-Sea, Essex, and it was designed
by ZEDFactory Ltd. This 147 m? building is a dormitory designed to run without
space heating, having as its only source of heat the solar gain, the internal gains from
its occupants and the internal gain of the uninsulated domestic hot water pipes.
The building has five bedrooms, three toilets and a meeting space.
The south facade is double-glazed, while the north, west and east walls are made with
rammed earth and insulated externally with straw bales. On the north facade there are
five, small, double-glazed windows for the five bedrooms and a double-glazed door.
The building is elevated 1.4 m above the ground and the floor void is filled with
mineral wool insulation covered with a granite floor slabs. The total U-value of the
floor is 0.1 W/m?K, the U-value of the roof is 0.1 W/m?K, while the U-value of the
glazed areas is 1.4 W/m?K.

The rammed earth walls aren't load bearing and the weight of the roof is supported by
a wooden structure. The total thickness of the wall, including insulation and
rendering, is 800 mm and its total U-value is 0.16 W/m?K.
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Figure 1: Ground Plan — Othona Solar Building

2.2 - Data Analysis

For all the monitoring period there was no heating provided and no hot water was
circulating in the uninsulated pipes. The dormitory was occupied only occasionally.
The performance of the building when sunny hot days and cold night occur is
remarkable. The whole building, apart from the corridor, stays relatively constant in
spite of the severe outside temperature variations. For instance when the external
temperature decreases from 28°C (3pm) to 4°C (6am) the bedrooms show a maximum
temperature variation of 3.5°C, (Figure 2).

The solar gain strategy and the thermal mass given by the earth walls proved to be
efficient but not perfect. The corridor tends to overheat and the heat created is not well
used by the building, this is due to the little presence of thermal mass in the corridor.
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Figure 2: Daily Temperature Fluctuation — Othona Solar Building

The research shown that the performance of the building is highly influenced mainly
by three factors: the amount of solar radiation received, the external air temperature
and the weather of the previous day. The last point highlights the important role of the
thermal inertia of the wall and its capacity of retaining heat.

The conditions that assured a comfortable internal temperature were variable because
they greatly depend on the factors mention above. The monitoring shows that in April,
May and June a comfortable temperature was recorded, while in March the dormitory
was too cold.

MARCH APRIL MAY JUNE (1/6 - 9/6)
Bedroom 2 | Outside Bedroom 2 | Outside Bedroom 2 | Outside Bedroom 2 | Outside

15.3°C  8.5°C 19.6°C 14.3°C  20.8°C 155°C  20.4°C 16.4°C

The analysis of the data, referring to the coldest week recorded, shows that when the
average temperature difference between inside and outside is 9.4°C the speed at which
the bedrooms lose heat, in free floating condition, is 0.16°C per hour. This value
shows a good attitude of the building to retain heat.

The relative humidity in the bedrooms remains between 50% and 70% for most of the
time, showing a good attitude of the building to regulate the humidity and to maintain
an healthy indoor environment.

2.3 - Cost

It was calculated that the cost of the materials to build and render the rammed wall of
the Othona Solar Building was £22 per m?. It was estimated that if the same wall with
the same U-value was built with Poroton blocks and polyurethane panels it would cost
about 40£/m? without considering the rendering.

2.4 - Sustainable Aspects

The earth used to build and render the walls of the Solar Building was dug from
below the building to build the foundations, while the straw bales used for the
insulation came from the neighbouring farm. The sand was sourced locally while the
gravel, the floor and the internal windows were reclaimed.

It was calculated that if the wall of the Othona Solar Building (102 m?) was built with



Poroton bricks and cement and insulated with 10 cm of Polyurethane it would require
18,416 kWh of energy and produce 4 tons of CO, emissions more than the existing
rammed earth and straw bales wall. This calculation didn't take into account either the
energy, emissions or pollution for the transportation of the materials to site nor the
disposal.

3 - Snail Cabhin
3.1 - Construction details

The Snail Cabin is a 37m? cob house located in Llanez, Cantabria, inhabited by a
family of four.

The walls are entirely made of cob and their thickness is 34cm, including the plaster.
The cob mix is made with 40% clayey soil, coming from the land, 60% of sand, and a
not precisely defined quantity of straw.

There are four double-glazed windows facing south-east and 2 single glazed windows
facing north and east. The roof is insulated with 15 cm of sheep wool, while the walls
and the floor are not insulated.

The density of the cob used to build the Snail Cabin is 1815 [kg/m®]. According to the
German Standard DIN 4108-4 (1998) the conductivity of an earth wall with such
densit%/ is 0.9 [W/mK]. Therefore the U-value of the Snail Cabin's wall is 2.6
[WIm“K].

The Snail Cabin heated area is 25 m.

3.2 - Monitoring Methodology

Temperature sensors were placed in different parts of the cabin: 20 cm above the stove
(to detect when the stove was on); inside the cob mantelpiece connected to the stove
(to analyse the thermal inertia of the cob); outside in shade; outside exposed to the sun
(to detect the intensity of the sun).

The amount and kind of wood burnt to heat the cabin was also monitored.

3.3 - Data Analysis

The monitoring shown that after leaving the house empty for few days, during cold
weather, the stove had to deliver a big amount of heat to “load” the earth mass of the
Snail Cabin in order to maintain a comfortable temperature. Normally this would take
a full day, in the following days then the building increases its performance, therefore
requiring less and less heat from the stove.

The trend at which the Snail Cabin loses heat is very dependent on the factor
mentioned above. The speed at which the temperature in the house decreased during
the first night, after the house was empty for few days, was 0.5°C/h when the average
temperature difference between outside and inside (Ain-out) Was 10°C. On the contrary
the speed at which the Snail Cabin lost heat the following night was 0.36°C when the
Ain-out Was 12°C.

The monitoring shown that during weather conditions characterised by warm and
sunny days and chilly nights, the temperature of the Snail Cabin have a daily
temperature range of 3.5°C maximum.

The monitoring shown that the time lag of the cob chimney breast (the time after
which the cob releases the heat received by the stove) is 1.5 hours. The chimney



breast greatly contributes to “flatten” the range of the heat that the stove produces, to
delay the heat delivered by the stove and to provide radiant heat for long time.
The average air temperatures calculated over the monitoring period are shown below:

Cabin's Centre Cabin's Perimeter Loft Outside
22 Oct -9 Dec 19.4°C 17.8°C 17.5°C 11.5°C
8 March — 4 May 19.8°C 18.2°C 18.7°C 13.5°C

The average air temperature in the Snail Cabin is not particularly high, nevertheless
the occupants felt comfortable. This might suggest that the radiative heat (which
wasn't detected by the sensors) in the Snail Cabin greatly contributes to the house
comfort.

The relative humidity in the Snail Cabin was for most of the time between 50% and
72%, despite the huge outside humidity fluctuation and the high peak of heat
delivered by the wood stove. The Snail Cabin shows a good attitude to regulate
humidity and to guarantee an healthy indoor environment.

3.4 - Energy Consumption

The owners burned in 28 days in November 50 kg of pine, 65 kg of apple wood and
65 kg of cherry wood. The volumetric calorific value [De Walt S. Josiah S. and
Erdkamp B., 2005], of each kind of wood, corrected according to the moisture
content, was calculated. The total energy produced by the the wood was 529.95 kWh.
The wood stove used in the Snail Cabin has an efficiency of about 40%, therefore the
actual energy delivered into the room by the stove was 211.98 kWh.

An electric heater was also used during the monitoring period, the electric heater
delivered 61.8 kWh. The total amount of energy which the Snail Cabin requires, to
guarantee a comfortable winter internal temperature, is 273.78 kWh per 28 days.

In order to compare the performance of the Snail Cabin with the performance of a
standard house it was necessary to consider an equal stove/boiler efficiency.

If the heat delivered by the stove was delivered by a 79% efficiency gas boiler the
total energy consumed in the Snail Cabin would be 330.13 kWh.

According to this estimation the yearly energy consumption of the Snail Cabin was
77.8 kWh/m?/year.

Below, the energy performance of the Snail Cabin are compared with standard houses
in other Mediterranean cities.
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Figure 3: Average energy consumption for space heating of a standard house in
Granada, Lisbon and Nice compared to the Snail Cabin.



The climate in Llanez, where the Snail Cabin is, and Nice are comparable because the
winter degree-days and the amount of radiation over horizontal surface in winter in
both cities are very similar, while Lisbon and Granada are warmer.

The Snail Cabin requires 13.6% less energy than a standard house in Nice.

3.5-Cost

The Snail Cabin was entirely built by the owners with the help of volunteers, apart
from the earth moving, therefore the cost of the building relates mainly to the cost of
the materials. The cost of the finished house is about 5400 €. When the expenses to
feed the volunteers are added the cost rises to 7000 €.

3.6 - Sustainable Aspects

The earth used to build and render the walls of the Snail Cabin was dug from below
the building to build the foundations. Electrical or mechanical tools were hardly ever
necessary and there wasn't production of waste during the construction process. All
the materials, apart from the sand, were sourced from the land or locally. The cob
walls can completely return to the ground, at the moment of disposal, without harming
the environment.

It was calculated that if the same building was built with cement, still and bricks it
would require 16,889 kWh of energy and produce 5.59 tons of CO, emissions more
than the Snail Cabin. This calculation didn't take into account either the energy,
emissions or pollution for the transportation of the materials to site nor the disposal.

4 - Conclusions

The case studies shown that earth architectures can, contrary to most “modern”
building materials, all at once deal with sustainable issues such as energy and
pollution from transportation, embodied energy of the materials, thermal performance,
waste produced.

The Snail Cabin, having just 34-cm-thick wall made of cob with no additional
insulation, performs better, in terms of space heating requirements, than a standard
house in a similar climatic conditions.

From the U-value of the Snail Cabin's walls, 2.6 [W/m?K], a much worse thermal
performance would have been expected. This suggests that the effective thermal
performance of a cob wall is higher than what would normally be predicted by its U-
value.

The monitoring of the Othona Solar Building shown the possible integration of an
ancient building material such as earth into contemporary architecture. Moreover it
highlighted the potential benefit of an intensive solar gain strategy combined with a
high-density earth structure insulated with straw bales.

The research shown that a self-built cob house can cost as little as 190 €/m?, in the
context of Spanish market price.

Finally the research shown that a combination between sustainability and a low cost in
the context of housing can be achieved using earth as a major building material.
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