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INTRODUCTION TO
THE ECOHOUSE DESIGN GUIDE

The first question to answer should be: what is an ecohouse?
Eco-architecture sees buildings as part of the larger ecology of
the planet and the building as part of a living habitat. This
contrasts with the more common notions of many architects,
who see a building as a work of art, perhaps on exhibition in a
settlement or as ‘frozen music’ in the people-less pictures of
glossy magazines. Some architects see the process of design as
a production line with the building as a product to be deposited
on a site, regardless of its particular environment or qualities. You
will see from the case studies at the end of the book that
ecohouses are closely connected to their site, society, climate,
region and the planet.

Why bother making buildings connect in this way? Because the
alternative is not acceptable and ‘modern buildings’' are literally
destroying the planet. It does not help that the numbers of people
on the planet are growing so rapidly (5.3 billion in 1990; 8.1 billion
by 2020; 10.7 billion in the 2080s) or that we have increasingly
sophisticated technologies to exploit the Earth’s natural resources.
But it should be widely known that buildings are the single most
damaging polluters on the planet, consuming over half of all the
energy used in developed countries and producing over half of all
climate-change gases.

The shift towards green design began in the 1970s and was a
pragmatic response to higher oil prices. It was then that the first
of the oil shocks, in 1973, sent fossil fuel prices sky high and the
‘futurologists’ began to look at the life history of fossil fuels on the
planet and make claims about how much oil and gas were left.
Their predictions were alarming and, 30 years on, we appear still
to have abundant oil. However, their calculations on total reserves
were fairly accurate and many of their predictions have yet to be
proved wrong. From the features on gas, oil and coal below you
can see that it is now estimated that we have left around 40 years
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of conventional oil reserves and 65 years of gas, at current rates
of extraction. Recent studies (see Bartsh and Muller, 2000) point
to 2012 as being when the oil shortages will really begin to bite
hard and to start changing the face of society.

OIL: the estimates of total oil reserves have changed little in

20 years and the last big oil field discovered was in the North Sea
in the 1960s. The output from the southern 48 States of America
began to decline in the 1940s. The output from oil fields typically
follows a form of bell-shaped curve, rising steeply to a plateau then
falling sharply. Every day the world consumes around 70 million
barrels of crude oil. To date, we have used around half of the total
estimated oil reserves globally and it is thought that within a few
years we will reach the peak of global oil production, after which
time conventional oil production will decline.

The capacity for exploiting those reserves can be increased by
technologies that allow more of the reserves to be extracted, for
example by using pumped gas and water. Thus in the USA, UK and
Norway, for instance, reserves are intensively exploited while in
other areas, such as Saudi Arabia, Kuwait and Iraq, they are not.
The term ‘reserves’ indicates the long-term potential of an oil field
while ‘capacity’ describes what can be pumped from that field
taking into consideration constraints such as the technical efficiency
of the extraction process. An increase in the rate of recovery of oil
from a field from 30 per cent to 60 per cent is the equivalent of
doubling the proven recoverable resource.

Perhaps worst hit by the decline in oil reserves will be the fields
in the USA and the North Sea, which will be badly affected by
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OIL (continued): 2020. Issues of how to sustain current lifestyles in
these regions, with declining oil reserves, unpredictable global oil
prices and geopolitical conditions, should prove very interesting.

There is capacity for considerable expansion in oil production over
the next few years to meet increased global demands from the
various oil producing countries. However, the capacity to increase
supplies may well not actually meet the increasing demands. The
cost of oil will depend on the match between demand and supply,
the ‘time lag’ between synchronizing these and the size of ‘buffer’
supplies that are currently largely held in the Gulf. Prices will rise
when governments perceive a reduction in the size of the buffer,
or anticipate that demands for oil are growing faster than
investment in capacity expansion. The oil crises of 1973 and 1979
were caused by such a mismatch of demand and consumption.
Recently the oil price on the global market has fluctuated from
under US$10 a barrel to over US$30 a barrel. Our societies are
highly dependent on oil, the price of which has not proven
particularly predictable in the past.

The world does hold huge reserves of non-conventional oil that
will be exploited when the scarcity of conventional reserves pushes
the price of a barrel above $30 for long periods.

When making long-term predictions, analysts have to balance the
capacity, or production, of a field against the size of its reserves
and the onset of ‘oil field decline’. If, as some maintain, global
production will plateau in around 2005 and we continue to increase
our global demand as predicted, there is a strong likelihood of
considerable volatility in oil prices in the future, as happened in the
1970s. No one is brave enough to stake their reputations on what
oil will cost in 5, 10, 15 or 20 years but pundits suggest that by
around 2015 global natural decline in conventional oil production will
be noticeable, and may be considerable after around 2020. These
declines can be compensated for by developments in non-
conventional oil production but at a high cost to the consumer. One
worry is that old oil fields in areas such as the Middle East and
Venezuela are already showing signs of fatigue and may not vyield
their full potential of reserves. A rough figure given is that we may
have around 40 years left of conventional oil reserves.

As Bartsch and Muller (2000) state in their recent book Fossil
Fuels in a Changing Climate, ‘It is not that we will not have enough
oil to take us to 2020 but that the road is likely to be bumpy and
subject to a number of economic and political shocks'.
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GAS: reserves of natural gas are abundant and current estimates
suggest that stocks could last for 65 years at current rates of
consumption. Some countries rely on gas for over half of all the
primary energy they use and the biggest increase in demand is for
gas-powered electricity stations. Gas is a cleaner fuel for the
generation of electricity than coal or oil and results in less CO,
emissions per unit of delivered energy generated because gas-fired
power stations are more efficient.

Two interesting characteristics of gas are that:

1 it is difficult to move over long distances without leakage and

2 most of it is located in countries where demand for it is lower.
For instance, in Europe there are around 3.2 trillion (3.2 x10'%)
cubic metres of proven reserves of natural gas and the
Europeans are consuming around 0.38 trillion cubic metres per
year, which gives us at this rate just under 10 years of gas left
in Europe. However, more reserves may be found. In the USA
the situation is more difficult with around 3.2 trillion cubic metres
proven reserves left and 0.686 trillion tonnes being consumed a
year. At this rate the USA has around 5 years of reserves of
their own natural gas left. However, such countries are very
aware of the limitations of their own reserves and import large
quantities of cheap gas now, with a view to conserving their
own stocks for the future. For example if the USA imports
three-quarters of the gas they use every year at current rates
their own stocks could last for 20 years.

Fortunately there are abundant reserves in other areas of the world
of which 77 per cent are in the Middle East (39 per cent) and
North Africa (38 per cent). It is estimated that globally there are
reserves that will support demand for gas for the next 60 years at
least. However, as local reserves of gas are depleted and countries
have to buy more and more of their stocks from the global market
they will have to pay the global market price. The rate of uptake of
cleaner gas technologies, used to reduce CO, emissions, for
instance, from power stations, will be influenced by the cost of
gas, which will increasingly be dictated by the highest bidders.
Prices will eventually rise significantly in countries where the fuel is
now very cheap, such as the USA, but obviously will be less
affected in countries such as Denmark where fuel prices have been
kept high and energy efficiency is widely practised. The USA now
consumes around 27 per cent of the world’s gas (with 4 per cent
of the world population) and is responsible for about 23 per cent
per year of global gas production.
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COAL: the main problem with coal is that it is a dirty fuel and
contributes 38 per cent of CO, emissions from commercial fuels
and is also a major source of sulphur dioxide and nitrous oxides
emissions, as well as particulates and other emissions. Coal
currently provides only 26 per cent of the world’s primary energy
consumption, very much less than in 1950 when this figure was 59
per cent. There are abundant reserves of coal in the ground
estimated to be capable of lasting over 200 years. Over 50 per cent
of the reserves are in the USA, China and Russia. The coal industry
does have the additional problems of poor working conditions in
some mines and the high costs of transport for the fuel. In France
it is expected that all mines will be closed by 2005.

The costs of producing coal vary significantly. Internationally
traded coal ranges in delivered price to the European Union (EU) of
between US$30 and US$55 per tonne, which in terms of fuel oil is
roughly equivalent to US$45-75 per tonne. This compares with the
average spot price of fuel oil delivered to northwest Europe in 1997
of US$90-95 per tonne and between US$65 and US$70 per tonne
in the first half of 1998. This indicates that coal is very
competitively priced against oil but it does have a high
environmental impact compared with fuel oil (medium impact) and
gas turbines and natural gas combined-cycle power plants (low
impact), which will limit its wider use globally in the future for
environmental reasons.

The oil crisis of the 1970s resulted in the rise of the solar house
movement: homes built to use clean renewable energy from the
sun. Two such houses can be seen in the case studies in Kentucky
and Tokyo. These houses used passive solar and solar hot water
systems with rock bed and ground storage systems to store heat
between the seasons. Such innovative houses provided the
foundations on which were developed the blueprints for the
ecohouses of the twenty-first century.

In the 1980s came the next big shock — climate change. It was
then that the rates of depletion in the ozone layer and the
increase in greenhouse gases and global warming became appar-
ent. The predictions made by the Intergovernmental Panel on
Climate Change in 1990 have been borne out by the steadily
increasing global temperatures over the 1990s, the hottest
decade on record.

Just as people dismiss the fossil fuel depletion claims by saying
that ‘they were wrong in the 1970s about oil, you see we have
not run out yet', so climate change predictions are simplistically
rebuffed with phrases such as ‘the climate of the world has always
changed'. It is obvious from Figure 2 that this is indeed correct,
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but what is deeply worrying is the revealed rate and scale of
change that is now happening.

The main greenhouse gas is CO, and the main source of CO,
(ca. 50 per cent of all man-made emissions) is buildings. If we
continue to produce greenhouse gases at current rates of
increase in a ‘business-as-usual fashion’ predictions by the UK
Meteorological Office indicate impacts will be substantial and by
2080 will include:

® arise in global average temperatures of 3°C over the 1961-1990

average by 2080;

substantial dieback of tropical forests and grasslands with result-

ing loss of CO, sink;

substantial overall decreases in rainfall amounts in Australia,

India, southern Africa and most of South America, Europe and

the Middle East. Increases will be seen in North America, Asia

(particularly central Asia) and central eastern Africa;

® an increase in cereal yields at high and mid-latitudes such as

North America, China, Argentina and much of Europe. At the

same time cereal yields in Africa, the Middle East and particu-

larly India will decrease, leading to increases in the risk of famine
in some regions;

sea levels will be about 40 cm higher than present with an

estimated increase in the annual number of people flooded from

approximately 13 million today to 94 million in 2080. Of this
increase 60 per cent will be in southern Asia, from Pakistan
through India, Sri Lanka, Bangladesh and Burma and 20 per cent
in Southeast Asia from Thailand, Vietnam, Indonesia and the

Philippines. Under all scenarios sea level rises will affect coastal

wetlands, low lying islands and coastal lowlands;

e health impacts will be widespread and diverse. By the 2080s an
estimated 290 million more people will be at risk from malaria,
with the greatest risk in China and central Asia. Fewer people
will die in winter in temperate cities and more will die in summer
from heat-related problems (www.met.office.gov.uk/sech/
CR_div/CoP5/obs_pred_clim_change.html). Skin cancer rates will
soar. In Queensland, where UV-B radiation is the highest, it is
predicted that three out of every four people will get skin cancer.
In America, in 1935 the chances of getting skin cancer were 1
in 1500, in 2000 the chances are 1 in 75 (www.geocities.com/
Rainforest/Vines/4030/impacts.html).

There are so many related impacts of greenhouse gas emissions
that we only touch on them here. Yet we see them illustrated daily
in newspaper articles on the extinction of species, the increase in
number and intensity of floods and cyclones, water shortages and
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the starvation that results from droughts. What is certain is that
we must act now to reduce CO, emissions globally and that one
of the most effective sectors from which to achieve rapid reduc-
tions in emissions is buildings. Houses consume around half of all
the energy used in buildings.

A recent Report by the Commission on Environmental Pollution
in the UK states that if we are to begin to attempt to stabilize
climate change we will have to introduce cuts in all CO, emissions
of around 60 per cent. This means using 60 per cent less energy
to run the home (http://www.rcep.org.uk/). This is actually not too
difficult, as demonstrated in many ecohouses. For instance, the
Oxford Ecohouse emits around 140 kg CO, per year while other,
similar sized, houses in Oxford will produce around 6500 kg CO,
per year. This is because the Oxford Ecohouse is run largely using
renewable solar energy. This demonstrates how important solar
technologies are for the ‘Low Carbon Lifestyle’.

HIGHER
/TEMPERATURES \

OZONE DEPLETION MORE

GLOBAL WARMING AIR-CONDITIONING

MORE ENERGY USED
MORE GREENHOUSE GAS
EMISSIONS

MORE EMISSIONS OF
OZONE-DEPLETING CHEMICALS

But what is the typical architectural response to the challenge of
global warming? It is not to make the building do more of the work
in providing better shelter against climate change, nor to use solar
technologies, but to install air-conditioning, which is a key element
in the vicious circle that is creating global warming.
Air-conditioning systems represent the greatest source of climate
change gases of any single technology. In the USA, which has only
4 per cent of the world’s population and yet produces around
25 per cent of the global CO, annually, over 40 per cent of electri-
city generated is used in air-conditioning systems. Energy
efficiency is absolutely not an issue, in general, with the US archi-
tectural profession. Indeed, climate change is not an issue in the
majority of architectural offices around the world who have
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systematically, over the last 30 years, shut the indoor climate off
from the outdoor climate, so requiring air-conditioning to make the
building habitable. Air-conditioning engineers have traditionally
made their profits by putting as much plant as possible into a build-
ing. It is not uncommon for heating and ventilating engineers to
insist on having fixed windows throughout a building, not least
because the calculations for system performance are too difficult
if an open-window scenario is adopted. So, many buildings have
to be air-conditioned all year round while perhaps for only one, two
or three months is the external climate uncomfortably hot or cold.
In addition, many ‘fashionable’ architect-designed buildings contain
excessive glass, overheat, create extreme indoor discomfort and
can only be saved from becoming hellish environments by huge
amounts of air-conditioning plant. When sensible engineers
suggest that perhaps the building would be better without, for
instance, the glass roof, architects have been heard to retort that
engineers cannot understand great design ideas and they should
do what they are paid to do and not express opinions about the
building’s aesthetics.

The world needs a new profession of ecotects, or archi-neers or
engi-tects, who can design passive buildings that use minimal
energy and what energy they do use comes from renewable
sources if possible. It is the only way forward.

The scenario for future global energy consumption developed in
the early 1990s by the Shell oil company demonstrates this well.
Figure 3 shows how the demand for energy continues to grow
exponentially while conventional fuel sources such as oil and gas
begin to show significant reductions in output. The gap is filled by
renewable energies such as wind and photovoltaic (PV, solar

exajoules 2% p.a. 3. o
1500 ‘. . A Shell predlctlon graph
Sustained Growth Surprise developed in the early 1990s on
@ Geoth. a 'sustained growth’ scenario. It
shows the gradual drop-off in
B Solar fossil fuel supply, the increasing
1000 demand for energy and the
[[] Biomass growth of the renewable energy

Cwind sector (Shell, UK Ltd, with
" thanks to Roger Booth).

[ Nuclear

M Hydro
[Gas

I 0il and NGL
[ Coal

0 : ‘ ‘ M Trad Bio.
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electric) energy. It was on the strength of such predictions that
Shell and BP have invested huge amounts of money in the devel-
opment of PV production and distribution companies.

By the decisions we make on the drawing boards in our
comfortable offices the global environment is changed. The world
is warming and the ozone layer thinning. Some time in the not too
distant future building designers will be made to take into account
their own global environmental responsibilities. This will be done
through building regulations, fuel price increases and carbon taxes.
The sooner we start to change architecture, from an appearance-
driven process to a performance-driven art, the better prepared we
will be to lay the building foundations of the post-fossil-fuel age.
The best place to start learning is with an ecohouse.

We have tried to bring together ‘How to' information on key
issues not well covered in other books. This includes developing
technologies, thermal mass, ventilation, cold bridging, materials
issues, passive solar design, photovoltaics, cyclone design and
grey water systems. The book is not a comprehensive guide to all
aspects of low-energy or ecological building. Many subjects have
been very well covered in other books; for example, passive solar
design (Mazria, 1979; Yannas, 1994), low-energy house design in
the UK (Vale and Vale, 2000), materials (Borer and Harris, 1998;
Berge, 2000) and timber-frame houses (Pitts, 1989, 2000; Talbott,
1993). We also think that house buyers can choose many elements
for their house pragmatically, with a little help from their local build-
ing supplies store. For instance, what is the best glass for their
windows, based on what is locally available, compared perform-
ance data and what they can afford.

We do incorporate the wisdom learnt from ecohouses around
the world in the Case Study section. These are not ordinary
houses. The majority are built by architects for themselves and
often by themselves, not for clients. They express, in their varied
forms, the local climates, resources, culture and the tastes of their
designers, as well as the design ethos of the times in which they
were built.

The temptation to ‘innovate’ can often lead us unwittingly into
problems, but from them we learn. For example, the early solar
houses often overheated because, in the rush to utilize free, clean
solar energy, the dangers of the sun were underestimated. The
best modern buildings do have excellent solar control and yet it is
astounding to see how many still employ glass roofs and walls that
not only can cause severe discomfort to people inside but also can
result in huge bills for compensatory cooling systems. Some
people never seem to learn. Clients should avoid such designers.

Today photovoltaics are already cost-effective in virtually all
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countries for off-grid systems. In far-sighted countries, such as
Japan and Germany, there are already over 10 000 installed domes-
tic PV systems in use. In Britain (where £900 000 000 was spent
on the Millennium dome at Greenwich) there are about ten
installed grid-connected PV systems on houses. To adapt an old
Yorkshire expression, some people are ‘all front parlour and no
Sunday lunch’ when it comes to sustainability and sensibly invest-
ing in the future for our children.

It is incredible to note that in many parts of the world the
challenges of trying to reduce the catastrophic impacts of buildings
on the environment are still left to individuals, including Britain. The
challenges ahead seem so enormous that it is difficult to see what
we, as individuals, can do. But it was Confucius who said that if
each person solved the small problems over which they have
control then the larger problems would disappear.

Why are such important issues as the impacts of climate change
and fossil fuel depletion ignored by politicians when our species is
so obviously at an ecological watershed? We are only one species
on the planet, yet we are multiplying exponentially, every day we
destroy other species and their ecological niches and, in many
parts of the world, we are even destroying our own peoples and
their habitats. This was historically demonstrated on Easter Island
where the population destroyed all the trees on the island and had
to flee to survive, or die. This is happening around us today. Will
it be obvious to us that we are the cause, when the first of the
Small Islands disappear altogether when sea level rises? Will we
register that fact?

Species can adopt symbiotic, parasitic or predatory lifestyles, and
they can also commit suicide, just as species such as lemmings
do. There is potentially much to be learnt about how we can
develop through the study of ecology, by comparing our behaviour
with that of other species on the planet.

ECOLOGY is defined as the study of the interactions of organ-
isms and their physical and biological environment. Organisms
have the ability to control the movement of energy and material
between their internal and external environments. They adapt in
order to use the water, energy, heat, light and resources available
in different environments and climates to sustain life in the multi-
plicity of ecosystems on the planet.

Competition between species is a driving force that can lead to
evolutionary divergence between species, to elimination of species
and also, more positively, to a co-evolution and the development
of mutually supportive relationships. Evolution requires adaptation,
not only to adjust to the changing circumstances of climate and
environment, but also to changing populations and resources.

11
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The theory of evolutionary ecology begins with Charles Darwin
in the late nineteenth century. He regarded the environment as the
key agent of ‘selective mortality’ without mentioning the relation-
ship of birth rate to the survival of species. In 1930 Ronald Fisher’s
classic book The Genetical Theory of Natural Selection, dealt with
the importance of population growth rates but this subject was
largely marginalized until 1966 when the theory of the ’life histo-
ries’ of populations became popular. This theory states that adapta-
tion is largely the making of compromises in the allocation of time
and energy to competing demands. It introduced the idea that very
different ‘life history’ adaptations are favoured under conditions of
high and low population densities in relation to the carrying capa-
city of the environment. At high densities, selection favours adapta-
tions that enable populations to survive and reproduce with few
resources and hence demands ‘efficiency’ in the way resources
are used. At low densities, adaptations promoting rapid population
increases are favoured, regardless of efficiency. Natural selection
adjusts the amount of time and resources expended not only in
accordance with changes in the environment but also with the life
history of a population.

So how would this affect us? In times of ecological threat animal
species respond in a variety of ways, from becoming spiteful to
being altruistic. Ecologists would perhaps expect selfish behaviour
to prevail to the exclusion of altruism because it is the selfish
behaviours that increase the reproductive success of the dominant
species or individual.

Growth, however, is a survival strategy for species with a life
history at a low-density phase. At high densities, populations must
employ strategies of efficiency to survive. Human beings are
unigue in the history of the world because of the sheer scale of
the impacts we have had on the global environment and in partic-
ular on the Earth’s atmosphere, and our ability to comprehend, and
alter, them.

If we are to survive the challenges ahead of us in the twenty-
first century, with some semblance of normality retained, we will
have to effect fairly radical changes in what we, as individuals,
expect from the infrastructures of our own ecological niches, our
houses and settlements and society. To do this we will have to
behave fairly altruistically, not only towards our own families,
friends and neighbours but also to the larger family of our fellow
human beings. Altruism is not unknown when bonds of loyalty are
stretched to encompass larger and larger groups. Humans seldom
question that, in times of war, they are asked to die for their
country. This they do ultimately to protect their families, through
whom their genes are perpetuated.
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When faced with the twenty-first century challenges it is the
global nature of human being’s environmental impacts that make
it imperative to see our kin as all the people of the world. If not,
few of us will survive. There are no safe islands in the twenty-first
century. Europe knows that if the countries of northern Africa
suffer from repeated severe droughts it is to Europe that the
ravaged populations of these regions will flee. The same is true of
America, Mexico and Latin America. The history of humans is one
of diasporas, the dispersions of peoples. If there are more people
and fewer resources, such movements will surely affect each of
our everyday lives?

Buildings are only part of our habitat. Buildings are intimately
linked to the local, regional and global environments that are all
part of our ‘Ecological Niche'. It is the responsibility of our gener-
ation to begin to adapt our buildings to ensure that we can stabi-
lize climate change, that we can live without fossil fuels and that
we do not unsustainably pollute the environment. Only by so doing
can we ensure the survival of our own habitats.

This cannot be so difficult because people survived on the planet
for millennia without the miracle fuels of oil and gas. Traditional
buildings have much to teach us about how to design regionally
appropriate structures.

We can change fast enough. We can mix the wisdom of the
master builders, new knowledge, materials and renewable
technologies to create ecobuildings, the New Vernacular, to
minimize the environmental impacts of buildings. We can now
measure those impacts with the new methodologies for counting
the environmental costs of buildings. We do need a new type of
designer, part architect, part engineer, and to get rid of heating and
cooling machines where possible or power them with renewable
energy. What you will read in the first section of the book shows
that all of this is possible and, in the second section, that it is
already being done in many of the case study ecohouses from
around the world.

13
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1 THE FORM OF THE HOUSE: THE BUILDING AS
AN ANALOGY

Twentieth-century architecture was influenced by a single analogy
coined by the great French architect, Le Corbusier. He proposed
that “the building is a machine for living in'. This is very far from
the truth. The mistake, at its heart, is that a machine is an inani-
mate object that can be turned on and off and operates only at the
whim of its controller. A building is very different because, although
it is true that it can be controlled by its occupants, the driving force
that acts upon the building to create comfort and shelter is the
climate and its weather, neither of which can be controlled,
predicted or turned on and off.

Machines are fixed, static objects, amenable to scientific
assessment. Buildings are part of a complex interaction between
people, the buildings themselves, the climate and the environ-
ment. The view that buildings are fixed also fits well with certain
types of scientific analysis, of daylight factors, energy flows, U-
values, mechanical ventilation and so on. But this mechanistic
view finds the more dynamic parts of the system (temperature,
natural ventilation, passive cooling and all the multitude of
human interactions) very difficult to model and, therefore, to
understand. In houses it is often these ‘difficult’ parts of the
system that change a house into a home, and the building into
a delight.

Considerations of daylight, energy, thermal insulation and the
use of machinery, of course, cannot be avoided — but because we
can calculate them does not mean that they are our only concern.
Figure 1.1 demonstrates, for instance, that buildings have their
own thermal life beyond what we can see. If we could see heat,
as the thermal imagining camera does, we would probably treat a
building very differently. We would know exactly where we need
to put a bit more insulation or place a sun shade, which sun shade
to use or which corner of the room is cold and needs a little atten-
tion.
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1.1

Thermographic images: a, The Oxford Ecohouse, built in 1994, on an Autumn morning; b, the house next door built
in the 1950s; c, a black umbrella (left) and a white umbrella (right) showing that the black material absorbs radiation
and gets hot while the white umbrella reflects the sun from its surface and remains cooler; d, a person opening a
window from the inside in the Oxford Ecohouse; e, rods of copper, steel, glass and wood demonstrating that heat is
conducted more efficiently in some materials; f the Kakkleoven in the Oxford Ecohouse showing the hot ducts in the
high mass stove and the hot metal flue passing into the concrete floor above and heating it locally. These images are
reproduced with thanks to Glasshead Films Ltd who took the films for Channel 4, and George Jenkinson and Andy
Hudson of Oxford Brookes University for their digital re-mastering and transmission of the images (Glasshead Films
Ltd).



The form of the house: the building as an analogy

We have to design for the invisible as well as the visible and so
how is this to be done? Buildings have been traditionally designed
using accepted premises (propositions that are adopted after
reasoning) as well as, of course, on premises (the building and
adjuncts set forth at the beginning of a building deed). Three prin-
ciples on which all building should be based are:

1 design for a climate;

2 design for the environment;

3 design for time, be it day or night, a season or the lifetime of a
building and design a building that will adapt over time.

Humans have been building on these premises for millennia and
have evolved house types around the world that are well suited to
particular climates, environments and societies. This was done by
learning from experience, and with the benefit of repetitive tools
and processes that help designers and builders through the
complex range of tasks necessary to actually put a building
together.

One tool of the imagination that is often used when starting a
design is the analogy. An analogy is used where two forms may
not look alike but they function in the same way, just as Le
Corbusier described a building as a ‘machine for living in’. This
book starts by considering building form, on which the most
powerful influence in design should be the climate. In this chapter,
analogies are used to demonstrate how different forms can relate
to some of the many different climatic functions of a building. The
analogies themselves may seem a little simplistic but you will find
that they change the way you look at buildings. To further illustrate
the relationship between buildings and climate, a number of
examples of vernacular buildings are included.

Finally, at the end of the chapter, a method for evaluating the
climatic requirements of a building form in a particular climate is
outlined with the Nicol graph. This simply shows what the mean
climate of a site is, what the comfort requirements of local people
will be and gives an indication of how much heating and cooling
will be needed to achieve those comfort conditions in that climate.

THE THIRD SKIN

Buildings are our third skin. To survive we need shelter from the
elements using three skins. The first is provided by our own skin,
the second by a layer of clothes and the third is the building. In
some climates it is only with all three skins that we can provide
sufficient shelter to survive, in others the first skin is enough. The
more extreme the climate, the more we have to rely on the build-

17
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1.2.

People typically generate heat,
between 70 and 120 watts each
according to how much work
they are doing. Figure 1.1.
shows the radiant surface
temperatures of a person
opening a window. This figure
shows a thermal image of heat
plumes around people, as the
heat from our skin warms the
air around us it rises, driven by
the buoyancy of hot air (Clark,
C. and Edholme, D., 1985).
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ing to protect us from the elements. Just as we take off and put
on clothes as the weather and the climate changes so we can shed
skins.

THE HEAT EXCHANGER

The greater the volume of the building the more surface area it
has to lose, or gain, heat from. Figure 1.3 shows that different plan
forms can have more or less wall area for the same plan area. The
surface area:volume ratio is very important in conserving heat
transfer into and out of a building. To conserve heat or cold the
building must be designed with a compact form to reduce the
efficiency of the building as a heat exchanger.

1.25

1.05 1.0 0.88
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1.3.
Buildings can have very different perimeter:area ratios depending on their plan
form (Krishan, 1995).

A good example of how not to lose heat because of the shape
of a building is given by the ice-house (Figure 1.4). In many
countries of the world, before refrigerators were invented, people
used to store ice that had been harvested in winter from lakes and
ponds in ice-houses. When the hot summer months came it was
taken out and used to cool food, drinks and rooms. The only way
that ice could be kept so long was to ensure that it had a minimum
surface area:volume ratio to lose heat from. Ice-houses were
designed so that as the ice slipped lower down it would retain its
ball-like shape. Some ice-houses could store ice for two years
without it melting (Beamon and Roaf, 1990).

19
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In warm or hot countries the building must become a good heat
dissipater. Just as people who are hot sprawl out to lose heat, so
buildings sprawl in warm and hot climates. In many hot climates
buildings have a high surface area:volume ratio but the walls facing
the sun are protected from direct radiation by verandas, balconies
or wide eaves. The shallower floor plan of heat-dissipating build-
ings also promotes easy cross-ventilation of rooms for cooling,
which in compact plan forms is more difficult. House forms in such
climates are either long and thin or have a courtyard, or light well,
in the centre of the house, to maximize the building’s wall area.
The relationship between ventilation and cooling is dealt with in
Chapter b.

Do not confuse a hot climate, with mean maximum tempera-
tures below 38°C, with a very hot climate, which is even hotter.
In the hottest cities of Saudi Arabia, Irag, India and Yemen, for
instance, houses are very tall with up to seven or eight storeys,
each providing another layer of protection against the sun. The
courtyards in the very hottest areas are replaced with light wells
that allow for cross-ventilation and light penetration but are more

1.4.

The ice-house at Hooke, Chailey,
Sussex. Drawn after a 1776
diagram by William Broderick
Thomas. This may be the first
illustrated cavity brick wall in
Britain and here the cavity was
used to keep the groundwater
away from the ice, rather than
for its insulating properties
(Beamon and Roaf, 1990).
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INCREASING TIME LAG 1.5. .
T . . Time lags between indoor and

outdoor temperatures in a
Havelli in Jaisalmer, India
(Matthews, 2000). (South is to
the right of this section.)

INCREASING TIME LAG

shaded against the sun overhead. The outer walls of such build-
ings are often shaded with shutters, verandas, balconies and
mushrabiyah, or ventilated timber cantilevered windows. In such
climates rooms can become vertical or horizontal buffers, as can
shade elements that keep the sun off mass walls that would trans-
port the heat inwards by conduction. Figure 1.5 shows how a large
house, a Havelli, is coupled in the upper floors to the air temper-
ature while in the basement room it is coupled thermally to the
more stable ground temperatures.

THE TEA COSY

Well-insulated structures are like tea cosies. How quickly the tea
cools will depend on how big the pot is, how thick the tea cosy is
and how cold the air is outside it. The effectiveness of the
insulated envelope depends on a number of variables, not least the
area of the envelope in relation to the heating requirements of the
occupants in it and the available internal heat sources.

For example, take the tent dwellers of the Mongolian steppes
of Siberia to the deserts of Saudi Arabia. The Turkoman yurt (Figure
1.6) is a tent built on a framework of bent wood, with a felt cloth
tent, in which ten or more people can live through the freezing
winter months. Heavy clothes are worn, even indoors, and a single
central brazier provides heat. The yurt is an airtight structure into
which there is very little infiltration of cold air from the driving wind.
The area of the whole floor is only in the region of 15-20 m? so
the body heat of the people in the tent makes up a significant
amount of the heat they need to warm the family.
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You would probably not survive a severe Mongolian winter in a
300 m? gher with one small brazier fire and ten people. Insulated
envelope buildings need constant heating, from a heat source or
from other internal gains such as machines and body heat. The
yurt works well because its occupants go to bed very early to
conserve heat and light, and sleep at night under thick quilts, often
with more than one to a bed, saving considerably on heating.
Considerations of the thermal performance of building envelopes
are covered in Chapter 2.

THE GREENHOUSE

Imagine living in a greenhouse. There are no climates in which it
would be comfortable. Glass lets in light and, with it, heat.
Incoming solar radiation heats us to help keep our internal body
temperature at 37°C. It can also overheat us. Once solar radiation
has passed through glass it hits a surface in the building and is
reflected or re-radiated at a changed wavelength that can no longer
pass, in the same way, back out through the glass, so causing the
inside of the greenhouse to heat up.

This is exactly what is happening with the world's atmosphere.
The short-wave radiation can pass through the clear atmosphere
relatively unimpeded. But the long-wave terrestrial radiation
emitted by the warm surface of the Earth is partially absorbed by

1.6.

A Yurt of the Turkoman tribe of
Iran (Andrews, 1997, drawn by
Susan Parker).
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a number of the trace gases in the cooler atmosphere above.
Since, on average, the outgoing long-wave radiation balances the
incoming solar radiation, both the atmosphere and the surface will
be warmer than they would be without greenhouse gases.

Once inside the atmosphere or the greenhouse, it is difficult for
the radiation to pass back out, and this is why it is fairly pointless
to use internal blinds because, although they shade people from
direct sunlight, the heat cannot escape from the space. External
shading would prevent this problem. Conversely, greenhouses
become very cold at night, because they lose heat from the build-
ing surface by radiation and eventually become almost as cold as
the outside temperature. It would take a fairly brave person to
actually try to live in a ‘transparent’ greenhouse, or suggest to
someone else that they should!

Greenhouses are direct solar gain buildings. The ways in which
the sun can be captured and used in such buildings is covered in
Chapter 5.

THE TENT IN EARLY SPRING

THE GOATS HAIR TENT GUYED
DOWN TIGHTLY, AND PINNED
TO KEEP OUT RAIN AND WIND.

BAMBOO WALL FIXED FIRMLY
AROUND WHOLE TENT

THE TENT IN MID SUMMER

ENDS OF THE TENT ARE OPEN
7 TO THE BREEZE

Yon Dok

F f?i Ly
| by

BAMBOO END WALLS OFTEN

REMOVED TO ALLOW FOR

CROSS VENTILATION TENT CLOTH GUYED WIDELY
. .. T . 4 TO FORM A SUN SHADE

——h #"—c-, . .

v

1.7.

The changing forms of the black
tents of the Luri tribes of Iran
over the year. Upper figure: the
goatskin tent cloth is guyed and
pegged down to keep out the
wind and driving rain. Lower
figure: as spring progresses the
tent cloth is raised to let in the
warm breezes and in mid-
summer the tent cloth becomes
a sun shade (Roaf, 1979).
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THE SWALLOW

Just as swallows move south in winter, so many nomadic families
around the world pack up their homes and move towards the sun
in autumn and away from it in summer. An excellent example of an
adaptable building form is the nomadic tent. Not only are they physi-
cally moved from the warmer, lower winter quarters up to cooler,
higher pastures in the summer, but the actual form of the tent
changes over the year (Figure 1.7). In winter the tent is closed right
down to keep out the wind and rain but, as spring turns to summer,
its cloth opens up, like wings, to form little more than a sun shade
for the people inside. By making the envelope of the tent so adapt-
able, the range of climates in which its occupants can be comfort-
able, are considerably extended and tents of various shapes and
materials are occupied from the Arctic Circle to the Sahara.

THE IGLOO

An important feature of building design in cold climates is the use
of stratification of room air. Hot air rises while cold air sinks. This
is taken advantage of in igloos, which provide shelter in perhaps
the most extreme climates on Earth. The occupants of igloos live
on a high shelf, to take advantage of the warmest air in the space,
while the cold air sinks down and is contained in the lower
entrance area of the building (Figure 1.8).

THE BUILDING AS A BUCKET

Conversely, in hot climates tall rooms mean that the heat and the
hot ceiling are far away from the room’s occupants. High-level
windows can allow the heat to escape from the top of the rooms,
thus stimulating air flow even on the stillest days that is driven by
the stack effect alone. The stack effect is powered by the
buoyancy of air, which depends on the pressure difference
between cool and warm air (see Chapter 5). This effect (in an
upside-down orientation) has been compared to water: if the build-
ing is a bucket with holes in, filled with water, the water will drain
out of the holes, as will heat out of a building. The greater the
temperature difference, the greater the buoyancy effect.

This property of warm air, which can be thought of, almost, as
upside-down water flowing around a building, can be used to
thermally landscape the ceilings of rooms. Hot air can be
channelled around ceilings, in ‘banks’ or walls, to form rivers or
lakes of heat that can move between areas or rooms within a build-
ing. This is well illustrated in Figure 1.9.
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1.8.
Section through an igloo showing the thermal stratification above the raised
platform on which people live (Cook, 1994).

A BRICK IN A STORAGE RADIATOR

In very cold climates the rooms of buildings, just like people,
huddle together to keep warm, often around a central ‘hot core’,
a heat source such as a fire place. Figure 1.10 shows a classic
hot-core building from Lativa where an extended warm wall into
the communal room is always a favourite place to sit in winter.
The principle is similar to that of a brick in a storage radiator. The
heat comes from perhaps a fire or the sun, and is absorbed in the
thermal mass of the building, as it is in a radiator brick. Then,
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1.9.

This Kakkleoven is the high mass wood-burning stove at the Oxford Ecohouse. Above it is a cloth skirt, 60 cm deep,
which has been attached to form walls for the hot air that rises above the stove. This air is channelled in these walls
to the ceiling of the room next door where it warms the concrete floor above. This warm floor then acts as a warm
radiator, heating the rooms above and below. Equally, the heat could then be taken to an outside wall and would
flow out of the building through windows above the hem of the skirt, just as water would flow out of the holes in a
bucket, but only below the level of the water (Nat Rea).

gradually, that heat is emitted back into the room over time. If a
material is highly conductive, such as the copper or steel shown
in Figure 1.1, it will not store the heat. If the Kakkleoven in Figure
1.9 was made of steel or iron it would cool down rapidly when
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the fire had gone out, unlike the high density concrete stove that
actually stores the heat and will stay warm for up to 14 hours after
the fire has gone out.

The performance of the thermal mass in a building is dependent
on many different factors, including its composition, location in
relation to the other building elements and related ventilation
strategies, issues dealt with in later chapters of the book.

THE BUILDING AS A ROMAN BATH HOUSE

In Roman bath houses the floors were warmed by an under-floor
heating system called a hypocaust. A fire would be lit under the
great basins used to heat the water for the hot baths and the
excess heat from the fire would be ducted under solid floors to heat
the bath house itself. So, in such systems, there is a heat source,
thermal mass to store the heat in and regulate its dissipation into
a space, and a system of heat distribution. This idea uses a convec-
tive heat transfer medium, air or water, to a radiator that is part of
the building. It can be a horizontal hypocaust under a floor or a verti-
cal hypocaust such as a warm wall, column or Kakkleoven.

1.10.

The traditional Nam house of
Latvia. The Nam is the central
masonry room with the kitchen
fire and chimney around which
are located A, the hall; B, the
small chamber; C, the master
chamber; and D, the communal
and servants room. The outer
walls of the house are made of
horizontal untrimmed logs (after
a drawing by Guntis Plesums in
Oliver, 1997, Vol. 2, p. 1263).
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humidity control. The thick thatched roof provides protection
against the winter snow and summer sun. The really clever trick
is the kitchen flue, which is funnelled under the winter living room
to optimize the value of the scarce fuel resources to the inhabi-
tants by being used both for the cooking and the heating. While
the mean external temperature measured was 1.2°C, the mean
temperature in the Chukdam buffer space was 1.1°C and in the
internal room it was a comfortable 15.6°C, with a mean relative
humidity (RH) of 44.9 per cent against the external RH of 71.2 per
cent. The average floor-surface temperature was 22°C. This
demonstrates the excellent ability of the earth walls to control the
RH in a space, in a 'breathing wall’ (Lee et al., 1994).

THE BUILDING AS A PERISCOPE

Buildings can be periscopes, trained to catch the light, a view, the
wind or the sun. If you design them for any of these functions they
must face in the correct direction. One of the pioneers of passive
building design said that there are three important factors for
passive buildings: 1. orientation, 2. orientation and 3. orientation
(Docherty and Szokolay, 1999, p. 39).

Outside the tropics the best orientation for solar gain, for light
and heat, is towards the equator. In the tropics it is best to hide
from the sun under a large hat or a roof. If a building faces 15° to
the east or west of the solar orientation it will make very little
difference to the amount of energy that can be garnered from the
sun. Simply by facing the living rooms of a house towards the sun
it is possible to save up to 30 per cent on the annual heating bills
of a typical house in a temperate climate. Passive solar design is
dealt with in Chapter 7 and is often described in terms of ideal
sites. Even in the most difficult sites, with careful thought and
sometimes inspired design, as we see in Figure 1.13, it is poss-
ible to capture the light and heat of the sun. Even if the site has
a difficult orientation it is possible to catch the sun with the use
of periscopes projecting from the building in the form of upper-
floor clerestory windows, bay and dormer windows and roof lights.

The most difficult orientation is west, because the low western
sun coincides with the hottest time of day (mid-afternoon), making
overheating of west-facing spaces a probability in summer, except
in the high latitudes. A western orientation should be avoided if
possible, particularly with sun spaces, because of their potential for
overheating. Care should be taken to think about what each room
in a house will be used for and what type of light and heat it will
require from the sun. For instance, it would be best to give a break-
fast room access to eastern, morning, sun. Perhaps proper dining
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rooms may be good rooms for evening sun. A little well-designed
light will give more pleasure to the building users than too much.

A TREE IN THE BREEZE

How lovely, on a warm day to sit beneath a shady tree, in a gentle
breeze. A building can be like a tree. When the temperature of the
air is close enough to local comfort temperatures then, simply by
opening up the walls of a building, its occupants can be adequately
warmed or cooled in a cross-draught. This is well demonstrated in
the Queensland case study where, in the tropical climate, set
within the rustling eucalyptus trees, being indoors is as comfort-
able on a hot day as sitting under a tree in the breeze. In some
climates the breeze may be comfortable day and night. In most
climates the air temperatures at night are too low for comfort.
Many people around the world sleep out at night, in the garden,
on the roof or in open-sided buildings or tents, in sight of the stars.

1.13.

Professor Georg Reinberg'’s
solar development in
Sagedergasse, Vienna, making
imaginative use of the building
form to optimize the solar
potential of the site (Reinberg,
1996).
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A COOL-CORE BUILDING

Just as the ice-houses used to store cold from the winter months
for use in the ‘salad’ days of summer, the thermal mass of a build-
ing can be used to store the cool of the night winds to lower inter-
nal temperatures during the day. This is well demonstrated in
Jimmy Lim’s case study where he has built a modern version of
a traditional Malaysian house, with its verandas and balconies
around the high-mass core of a pre-existing building. The thermal
mass of the inner walls is completely shaded all year and cooled
by the air movement over them at night (Figure 1.14). This is a
good example of a cool-core building. It is simple and works well
and, in fact, could be compared to the old colonial bungalows with
their surrounding verandas.

ROOF VENTILATED THROUGH -
ATTAP, AND ROOF JOINTS

ATTAP ROOFING OF
OW THERMAL CAPACITY
PROVIDES SHADE
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SHADED INTERNAL MASS
WELL VENTILATED AT NIGHT
CAN STORE NIGHT COOL

1.14.

The introduction of a cool core of well-ventilated, shaded, masonry into a
traditional Malay house would have advantages in keeping people in the centre
of the house cooler on the hottest days.
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AN AIR LOCK IN A SPACE SHIP TO KEEP THE
COLD ouT

In temperate or cold regions all outer doors should have a buffer
space, or air lock. This acts in five ways:

1 to keep the wind away from the door and the biting draughts
out of the house;

2 to modify the air temperature, rather as in an air lock, where the
air in the buffer space is usually somewhere half way between
inside and outside temperature. This is excellent air to use to
ventilate the house inside in winter as it is not freezing. Small,
openable, windows should be built between the buffer porch or
sunspace and the house to provide natural pre-heat ventilation;

3 as a place to leave wet clothes outside the house so removing
moisture from inside;

4 as a security and privacy feature so people can be heard or seen
before they enter the house;

5 to protect the floor construction around the inside of the main
house door from becoming too cold. In houses without buffer
spaces, every time the door opens and cold air comes into the
house, heat is drawn out of the floor and walls next to the door.
The floor is often constructed with a slab of concrete, making
the floor area around the door much cooler than it would be if
the door had a porch (Thomas and Rees,1999).

THE COST OF ‘FORM’ IN SITE PLANNING

An interesting case study of a new ecohousing development in
Hungary demonstrates that there are very real financial advan-
tages of adopting solar strategies in housing layout. The devel-
opers, Aldino Ltd of Budapest, bought a 64-ha site at
Veresegyhaz some 30 minutes from the centre of Budapest, in
April 1993. The land had few trees and sloped gently to the
south. The first design (Figure 1.15A) using conventional housing
layouts planned for a maximum density of 380 houses on
1000 m? plots, but was found to be of too high density and not
suitable, both for social reasons and for the unfavourable
economic returns offered by the development. The second plan
for 330 houses was developed along similar lines but the cost of
the infrastructure and services, which had to be brought from the
nearby village half a kilometre away, was found to be double the
price of the land acquisition, and therefore that plan was also not
feasible.

Some three years later it was decided to re-evaluate the devel-
opment potential of the site and a third scheme for 300 houses
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Layouts for the ecohousing
scheme at Veresegyhaz,
Hungary: A, 1993 layout of 380
houses; B, 1998 solar layout
with 150 houses; C, the final
1999 layout with 140 houses
that proved significantly more
cost-effective, owing to the

S lower infrastructure costs of the
development (Charles Cook of
Aldino Ltd).




34 Ecohouse: A Design Guide

was developed for middle/up-market houses, again with a conven-
tional layout. Again it proved uneconomic using conventional
planning. At that time the chief developer, Charles Cook, visited
the Oxford Ecohouse and became convinced that a healthy,
environmentally friendly development would be a real benefit to
the site and region. It would be an important demonstration of
what can be achieved for the improved environmental performance
of the houses, the quality of life of the householders and the devel-
opment of solar technologies in Hungary.

It was necessary to create a new site layout that reduced the
road area and service lines, provided a green ambience, a secure 1.16.
environment and oriented the houses to the south. After many  computer image of the new
attempts at site planning he devised a layout of cul-de-sacs of Hungarian ecohouse
groups of 20 houses that could provide all of the requirements of ﬂig;)fymEZtcfthﬁ?ﬁilhaaz'
the brief and a good social atmosphere for the area. The cul-de-  gqjar hot water system, 1 kWp
sac layouts are served by a single main road that has speed of photovoltaics and is built to
restraining features, so lowering local noise and risks for pedestri- the same high construction

. . . standards of the Oxford

ans. In so doing, the cost of roads, pavements and lighting has £ i use (Matthias Steege, BP

been substantially reduced, as has the cost of the drainage infra-  Solar, Germany).
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structure beneath the site. As a result of this experience he is
convinced that developers should look very seriously at re-evalu-
ating how they develop because, by putting new ingredients into
the planning equation, such as solar access, security, the quality
of the environment and social ambience he has not only come up
with a far more pleasant solution for the people who will live in
the houses but has also increased profits. The local council is
delighted by the new ‘green’ agenda and has been very support-
ive of the project. Surprisingly the council have identified a key
benefit of this scheme as being that better housing such as this
will put less pressure on their local hospitals beds, because many
local hospital admissions are of people whose health has suffered
from poor housing. So everyone benefits, including the environ-
ment, particularly when such a development is serviced by good
public transport connections to the city.

CHOOSING WHICH FORM TO USE IN A DESIGN

The first step when approaching a design in a new climate should
always be to try to understand the overall climate of the site in
relation to how much protection the house will need to provide
against it. A simple way of doing this is to use a Nicol graph,
named after Fergus Nicol who devised it. First of all a graph is
drawn with 10°C intervals on the x axis and the 12 months of the
year on the y axis. Then, the mean maximum and mean minimum
outdoor temperatures for each month are plotted, showing a
double curve for the year. The thermal comfort (TC) line for the
year is then calculated. This is done using the equation devised by
Michael Humphreys:

TC = 0.534 (T.....) + 11.9

where T, is monthly mean outdoor temperature: T ean = (Thax +
T / 2, where T, is monthly mean daily outdoor maximum
temperature and T,,, is monthly mean daily outdoor minimum
temperature. T,,, and T, are usually available from Meteorological
Office data.

This equation, strictly speaking, applies to summer conditions in
freely running buildings (not air-conditioned ones) but gives a
general idea of the comfort conditions required by building
occupants who have adapted to the local climate. People can adapt
to the most remarkable range of temperatures. One person can be
very happy sitting in a pleasant breeze in the warm sunshine and
then go inside and feel deliciously cool indoors at 7°C cooler
climate. A graphic illustration of the complexity of what makes one
comfortable is the poor man who was building a hut in the
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Antarctic. The bright sunshine was warm on his skin as he tapped
the nails into the timber shed but, in an automatic gesture, he put
a few nails in his mouth to hold for later and ended up having part
of his lower lip removed. This was because, although his skin
temperature was high from the sunshine, the air temperature was
20°C below freezing and the steel nails, being excellent conduc-
tors of heat, were frozen and in turn instantly froze every part of
his skin that they touched.

The TC line does not represent a single temperature but a
running mean of the sort of temperatures that an indigenous
person would feel comfortable in. In summer they show that
people in Scotland would be happy at 18°C while in Malaysia,
Japan, Indonesia and the Caribbean the TC is around 27°C.

What the Nicol graph does show is a rough idea of the amount
of heating and cooling the building will require in each month. In
a good passive, high-mass building the indoor air will tend to revert,
without the aid of heating and cooling, to a temperature half way
between the mean outdoor maximum and minimum temperature.
So a line can be drawn half way between the two to indicate the
free running indoor air temperature. If this is below the TC, then
the building will need heating up to make the occupants warm. If
the air temperature line is above the TC then the building will need
to be cooled to make the occupants comfortable.

If a large amount of heat is required it can be partly supplied by
passive systems, such as the rock store in the Bariloche house. If
a great deal of cooling is required it may be possible to gain it
through ventilation, by simply opening a wall of a house, as in the
Queensland house. Convective cooling is effective up to average

1.17.

A Nicol graph of Budapest,
Hungary, showing the indoor
temperature line and the
convective cooling line at 32°C.
Above this line the body begins
to lose most of its heat by
evaporation.
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skin temperature (around 32-34°C). Thus, with a simple graph we
can tell much about to what extent we want to welcome in or
keep out the external climate at different times of the year. The
graph also gives a very rough idea of how much extra energy will
have to be found in the form of supplementary heating or cooling
systems to reach the TC. This is an effective way of looking at the
passive potential of a building in a particular climate and using this
knowledge to pick an appropriate building form to optimize this
passive potential.

When reviewing the case study buildings in the second section
of the book it is worth noting that in no climate shown is the differ-
ence between the mean maximum and mean minimum outdoor
temperature less than 6°C. This means that a well-designed
passive building should be able to give up to 3°C free cooling or
heating even in a hot humid climate, as shown for Malaysia or
Indonesia. 3°C could well be the difference between discomfort
and delight.

Having decided how much shelter from the climate a building
has to provide, and roughly what form would be best suited to the
task, it is then time to start thinking about what materials you
would like to use to build it and how to construct the building.
These subjects are covered in Chapters 2 and 3.



2 THE ENVIRONMENTAL IMPACT OF BUILDING
MATERIALS

Andre Viljoen and Katrin Bohn

The choice of building materials affects the environmental impact
of a house. All building materials are processed in some way before
they can be incorporated into a building. The processing may be
minimal, as in the case of a traditional cottage constructed from
materials found locally, or it may be extensive, as in the case of
prefabricated construction. This processing of materials inevitably
requires the use of energy and results in waste generation.

In the UK it is estimated that the production of building materi-
als is responsible for about one-tenth of energy consumption and
CO, emissions.

We can calculate the overall environmental impact of a house if
we know the impacts that result from its day-to-day use and the
manufacture and delivery of its construction materials and compo-
nents. We can, with this information, see how the choice of materi-
als affects its impact on the environment.

It will become clear that calculations to determine the exact
impact of each and every dwelling are, at present, not feasible.
This chapter will therefore refer to a very detailed study of the
Oxford Ecohouse, which took account of the impact of material
selection. It will also refer to other research in this field and will
aim to draw some practical conclusions of use to the prospective
house builder or renovator.

MEASURING THE ENVIRONMENTAL IMPACT OF
BUILDING MATERIALS

When choosing materials several factors have to be considered,
and it is unlikely that absolute rules can be given for all situations.
The first question is how environmental impact should be
assessed. This can be thought of as factors determined by the
material’s inherent qualities and as factors affected by the way
materials are incorporated into a design.
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Factors determined by a material’s qualities are, for example:

e energy required to produce the material;

e CO, emissions resulting from the material’s manufacture;

® impact on the local environment resulting from the extraction of
the material (e.g. quarry pit, wood taken from a forest, oil spills
from an oil well, etc.);

e toxicity of the material;

2.1.

Living space within a yacht.
How much space does one
require? The quantity of
materials used will have a direct
effect on the environmental
impact of a dwelling.



40 Ecohouse: A Design Guide

e transportation of the material during its manufacture and deliv-
ery to site;

e degree of pollution resulting from the material at the end of its
useful life.

Factors affected by material choice and design decisions include:

e |ocation and detailing of an architectural element;

e maintenance required and the materials necessary for that
maintenance,;

e contribution that the material makes to reducing the building’s
environmental impact (e.g., insulation);

e flexibility of a design to accommodate changing uses over time;

e |ifetime of the material and its potential for reuse if the building
is demolished.

The following headings for comparing the environmental impact of
materials, used in the Green Building Handbook (Woolley et al.,
1997), provide a good checklist.

e Environmental impact owing to production:
® energy Use;
e resource depletion;
® global warming;
e Qacid rain;
e toxins.
e Environmental impact owing to use:
e potential for reuse/recycling and disposal;
® health hazard.

Perhaps the single most important measure of an object’s environ-
mental impact is provided by the concept of ‘embodied energy’.
‘Embodied energy’ describes the amount of energy used to
produce an object. We can refer to the embodied energy of a brick,
a window or of an entire house. The following sections discuss
embodied energy and embodied emissions in some detail. As
figures for the embodied energy of materials are not yet widely
available, it is hoped that understanding the factors affecting it will
help the reader to ‘ask the right questions’ when considering
material selection.

Embodied energy is an important measure because the use of
non-renewable energy sources is the principal reason for environ-
mental degradation. Degradation is caused in two main ways: 1)
resulting from atmospheric emissions, principally CO,, contributing
to global warming; 2) resulting from the effects other emissions
have on the atmosphere, such as acid rain. We can be fairly certain
that other effects are taking place that, as yet, remain unidentified.
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The concept of embodied emissions is similar to that of embod-
ied energy and refers to the emissions associated with the produc-
tion of an object, for example the electricity used to produce a
window will result in CO, emissions associated with that window.
In addition, the production of materials, particularly those requiring
chemical treatment, can result in the emission of toxins. If accurate
embodied emissions figures are to be calculated, the types of fuels
used in any manufacturing process must be known, as each fuel
gives a different mix of emissions.

Several different methods exist for calculating embodied energy,
and this results in a range of figures published for similar materi-
als. Published data should be treated with some caution, unless it
is clearly stated how the figures have been calculated.

CALCULATING EMBODIED ENERGY

The following section will help one research the embodied energy
of a particular material or to make some educated guesses.

How has the energy been measured?

When reading figures for the embodied energy of a material or
house type, the first question to ask is how has the energy been
measured? Energy is measured as either delivered or primary
energy. Delivered energy refers to the actual quantity of energy
delivered for use to a particular site or building, for example the
amount of electricity used and recorded on a bill. Primary energy
refers to the amount of energy used to produce a quantity of deliv-
ered energy. For example, to create electricity, gas will have been
burnt to drive the turbines in a power station. The generators will
not be 100 per cent efficient, so the energy content of the gas
burnt is greater than the energy content of the electricity gener-
ated. Also, the electricity has to be transported from the power
station to the consumer, a process that is not 100 per cent
efficient. All of these inefficiencies mean that for every one unit of
electricity delivered to a consumer, a larger amount of primary
energy will have been consumed in its creation.

In the UK, the ratio between primary and delivered energy is
greatest for electricity: roughly three units of primary energy are
used to produce one unit of delivered electricity. For oil and gas
used in the home, the ratios are closer to one.

It is still the case that embodied energy figures are often quoted
without stating if they have been calculated using primary or deliv-
ered energy. Where there is uncertainty over the embodied energy
figures quoted, it is better to compare materials using embodied

aM
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emissions figures, as these should take into account the mix of
primary fuels used to produce the goods.

What has been considered when calculating embodied
energy?

Once one is clear about the energy measurement, it is important
to know where the boundary has been drawn in calculating the

2.2.

Farm building in Maharashtra
State, India. How far have
materials travelled and how
much energy has been used to
process them?
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energy inputs. For example, consider the embodied energy of a
steel-framed window. If the energy inputs are calculated only for
the energy used in the factory that assembled the window, figures
will differ from calculations that include also the energy used in the
steel works to make the steel or the energy used in the mine to
gather the iron ore.

In order to calculate accurately the embodied energy of a mater-
ial, all stages at which energy is used should be accounted for. An
accurate figure will be derived if we consider the energy used for
extraction of raw materials, transportation to processing plants,
energy used in factories, transportation to site and energy used on
site to install the product.

RECYCLING AND EMBODIED ENERGY

To achieve a low energy house, is it best to construct a
new dwelling or refurbish an existing one?

In most cases, refurbishment would be the preferred option,
provided that the core of the building can be reused without exten-
sive demolition. Refurbishment is essentially the recycling of a
building.

Recycling is an issue that needs careful thought in relation to
environmental impact. It only makes environmental sense to
recycle if it can be done easily; that is, without requiring the input
of a lot of energy, if the building can be thermally upgraded and if
such recycling is not repeated too frequently.

As an example, we consider a typical situation found in a
nineteenth-century house. Often, internal walls will be constructed
using lime plaster on wooden laths fixed to vertical timber posts.
After 100 years or so, the lime plaster can begin to separate from
the laths, which typically occurs locally. The best solution would be
to remove all of the loose plaster. However, once a loose piece is
removed, it is difficult both to prevent a larger area coming away
and to replace with new lime-based plaster. Typically, this will be
expensive, and it maybe difficult to find a knowledgeable contrac-
tor. If you ask a general building contractor they will probably
propose to remove all the plaster and replace it with plaster board
(which requires a relatively large amount of energy to manufacture).
But if you speak to a plasterer, they will often recommend leaving
the original lime plaster in place and reinforcing it with a scrim (fine
mesh) and a thin coat of plaster over that. The last option will have
the minimum environmental impact, because so little new material
is used, even though it uses a modern plaster that will require more
energy to produce per unit volume than a replacement lime plaster.
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PROCESSING AND EMBODIED ENERGY

The greater the number of processes a material or set of compo-
nents have to go through, the higher will be their embodied energy
and the number of associated waste products. Materials such as
metal require very large energy inputs for their production, but so
will equipment that requires complex manufacturing, for example
a modern gas boiler.

2.3.

External table, Le Corbusier’'s
mother’'s house at Vevey,
Switzerland. An object with
minimal use of materials,
external spaces allow dwellings
to expand seasonally and
visually.
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Within reason, one should aim to choose materials and compo-
nents that are as close to their natural state as possible. So, a high-
performance window with a softwood frame will be preferable to
the same window with an aluminium frame. Or, as another
example, organic paints or those that are water-based, particularly
if using natural pigments, or waxes are preferable finishes to highly
manufactured synthetic paints.

TRANSPORTATION AND EMBODIED ENERGY

Transportation is one of the often forgotten factors affecting
embodied energy. The further a material has to travel, the greater
the energy that is used in its transport. The weight of a material
will also affect the energy needed to move it. Some natural
products may have travelled great distances, for example polished
granite from overseas quarries, the finishing of which may even
take place in a second country before delivery to the final point of
sale. This kind of information is not always freely available, but
asking suppliers about transportation can help you to make
decisions while also alerting suppliers to a concern in the market
place.

In some situations transportation will have to be weighed against
durability. In the UK, natural slate is now available from quarries in
Spain. This slate is much cheaper than English or Welsh slate and,
though not as durable, the Spanish slate is apparently more durable
than artificial slate. On grounds of durability, an imported natural
material may be preferable to a local artificial one.

Similar issues arise when considering the purchase of white
goods, e.g., fridges and washing machines. Surveys by the
consumer organization Which? have indicated that imported
washing machines from Germany are far less likely to break down
than machines manufactured in the UK. Therefore, we can assume
that they will last longer. This longer life has to be weighed against
energy used in transport.

TIME AND EMBODIED ENERGY

Studies conducted in New Zealand suggest that the energy used
in a typical (i.e. non-low energy) residential building, over a 50-year
life, is equal to approximately four times the embodied energy of
its structure (Williamson, 1997).

This kind of direct comparison between energy in use and
embodied energy is not very useful, unless we know how long the
dwelling is expected to last. It will always be the case that, as
energy-in-use requirements reduce, the longer this will take to
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equal the embodied energy of the structure. When considering the
embodied energy of a building, we need to take account of the
building’s expected lifespan, the maintenance requirements of the
various building elements and the building’s state at the end of its
life.

This cradle-to-grave approach is called ‘life cycle analysis’. It is
used as a way of assessing the total impact of any building and
shows the importance of the building’s lifespan. The longer a
house can last, the lower the impact of the energy and pollution
resulting from the manufacture of its materials will be. A simple
way to think about this is to consider the initial embodied energy
of an entire building and divide this figure over its lifetime, making
an allowance for maintenance.

EMBODIED ENERGY AND THE MATERIALS USED
IN HOUSES

As noted above, it is difficult to find accurate published figures for
the embodied energy of materials. Generally, if an up-to-date
database has been assembled, it will be used commercially. The
Building Research Establishment (BRE) has set up an

2.4,

Recycled buildings, mixed-use
housing, llot 13, Quartier des
Grottes, Geneva, Switzerland. If
existing buildings can be reused
and upgraded in an energy-
efficient manner, they will have
a smaller environmental impact
owing to a lower material use
compared with new buildings.
Architects: P. Bonhote,

0. Calame and |. Vuarambon.
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Table 2.1. Embodied energy of building materials. Range of published figures

Material Density Low value High value

(kg m™) GJ tonne™ GJm GJ tonne™”  GJm®
Natural aggregates 1500 0.030 0.05 0.12 0.93
Cement 1500 4.3 6.5 7.8 1.7
Bricks ~1700 1.0 1.7 9.4 16.0
Timber (prepared softwood) ~500 0.52 0.26 7.1 3.6
Glass 2600 13.0 34.0 31.0 81.0
Steel (steel sections) 7800 24.0 190.0 59.0 460.0
Plaster ~1200 1.1 1.3 6.7 8.0

GJ = giga joule, a unit of energy, 1 GJ = 278 kWh.
Source: Building Research Establishment, 1994.

Environmental Profiles web site (http://www.bre.co.uk), access to
which requires registration. The web site ‘EcoSite — Worldwide
resource for life cycle analysis’ (http://www.ecosite.co.uk)
publishes the list of embodied energy figures, credited to the BRE,
shown in Table 2.1.

Table 2.1 illustrates the range of published figures, but it does
not state if the figures are for primary or delivered energy.
However, previous research (West et al., 1994) has indicated that,
for most building types, the following materials will contribute
significantly to the embodied energy of a building:

e steel;

e concrete;
e timber;

® bricks;

® cement;

e aggregates;
* glass;

e plaster.

These materials account for a large proportion of the volume or
mass of most buildings, and the designer can significantly affect a
building’s embodied energy by paying close attention to their speci-
fication. Selecting materials from local sources will reduce their
embodied energy and emissions because of reduced transport.
The range of values for timber shown in Table 2.1 provides an
indication of the impact of transport, amongst other factors.

In a typical house with walls built from brick and concrete blocks
and with timber floors, these three materials could account for
about 50 per cent of the dwelling’s embodied energy, with brick
and concrete accounting for about 30 per cent of the total. Sheet
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materials, for example plasterboards or lining boards to timber-
framed walls, can also have a significant impact.

THE EMBODIED ENERGY OF DIFFERENT BUILDING
MATERIALS

At present, the few published figures available for embodied
energy usually refer to individual materials, e.g. brick, concrete,
timber or glass. These figures are useful for making strategic
decisions regarding a house, i.e. should it be built using a timber
frame or concrete blocks, but they are less useful when trying to
decide if a particular energy-saving feature should be used, for
example mechanical ventilation with heat recovery. This is where
cradle-to-grave or life cycle analysis becomes important and this
will be considered later in the chapter.

As embodied energy is usually quoted per unit weight or per unit
volume of a material, one needs to know the weight or volume of
the particular material actually used in a building. Certain materials,
such as plastics or metals, have very high embodied energies per
unit weight but, if used in small quantities, may have an overall
benefit by, for example, providing an elegant joint between materials

2.5.

Equipment used on a building
site for pumping ‘Warmcell’
insulation, made from recycled
newspapers, into a wall. At
almost every stage in the
production and construction
process, energy is used. The
sum of the energy from each
stage, including the energy used
for transport, is called the
product's embodied energy.
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or by increasing the distance a material, such as timber, can span or
by increasing the lifetime of an element.

Plastics, timber and metals are materials about which there is
much debate over their environmental impact. There is no consen-
sus as to the advisability of the use of plastics or synthetic materi-
als but, in our view, they are best avoided.

Plastics

The embodied energy of plastics is extremely high. They are, on
the other hand, waste products from the production of petroleum.
So, it can be argued that by using plastics we reduce the accumu-
lation of waste material. But it can also be said that the use of
plastics helps to support the very industry that is responsible for a
large amount of CO, emissions and for over half of all toxic
emissions to the environment. After their production, plastics tend
to release gases into the atmosphere, these are referred to as
volatile organic compounds (VOCs), which can be harmful if
breathed in any quantity. They are found in synthetic compounds
in carpets and modern paints, especially oil-based paints such as
those with an eggshell finish. The effect of VOCs is usually great-
est soon after installation.

One plastic generally thought best to avoid is polyvinyl chloride
(PVC). It is particularly difficult to dispose of in an ecologically safe
manner but it can be recycled and, in its recycled form, is begin-
ning to appear on the market, generally for low-grade products.

Metals

Metals are another group of materials with a high embodied energy
for which the manufacturing process results in local environmen-
tal degradation from waste products. Owing to the high price of
metals, most waste metal is recycled, although this process is not
without its own detrimental environmental cost; the smelting
process requires large energy inputs and generates highly toxic
dioxin emissions because of the chlorine found in most metals.
Until such time when the large-scale use of renewable energies
makes their production more environmentally friendly, it is best to
minimize the use of metals in construction. Metals should only be
used in small quantities or for particular purposes, e.g. for the joint-
ing and fixing of materials.

Stainless steel and aluminium are both very likely to be recycled,
but have very high environmental impacts as a result of their initial
manufacture. Their extensive use in buildings cannot be considered
ecological.
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Lead, because of its toxic nature and associated pollution result-
ing from the manufacturing process, is best avoided. Currently, it
is mainly used for roof flashings, where it forms a long-lasting
waterproofing element between walls and roof coverings or at
junctions between roof coverings. Water collected off roofs with
lead flashings is best not used for watering edible fruits or vegeta-
bles as these may absorb lead as they grow. Lead may prove a
hazard when renovating older properties as paint older than
30 years may contain the metal, which was used as a drying agent.
Care must be taken to avoid inhaling dust or fumes. It is therefore
not a good idea to burn off old lead paint.

Timber

Timber is a material that is generally considered to have excellent
environmental credentials. As a renewable resource, its main attrib-
utes are that it reduces the amount of CO, in the atmosphere until
it decays or is burnt and it is easily worked. There are, however,
possible disadvantages associated with timber, the principal one
resulting from imported timber. This may have been transported over
long distances, for example from Canada to the UK. Another poten-
tial problem has to do with the way the timber is grown and if trees
are replanted when mature ones are cut. Most commercial softwood
comes from forests that will be replanted, however these commer-
cial softwood forests are often planted with very few species of
trees and provide little potential for bio-diversity. In the case of
imported non-European hardwoods, there is a high probability that
these come from tropical rainforests and will not be replaced. The
Forestry Stewardship Council, based in the UK, does run a scheme
for certifying that timber comes from sustainable forests. Currently,
only a small percentage of wood commercially available is certified
as sustainable and, practically, this can be difficult to obtain. Anyone
contemplating the construction of a new building using timber would
be well advised to research the availability of locally grown timber.
There are local forests with associated sawmills that can supply
good quality home-grown timber, such as Douglas Fir, Sweet
Chestnut and Oak, suitable for load-bearing construction.

If it is necessary to use imported timber in the UK, then one
should aim to use wood imported from Scandinavia, as it will have
been transported a relatively short distance. Scandinavian forests
are generally considered to be sustainable, but not bio-diverse.

Timber, a note of caution
Timber is a good choice as a sustainable material but, if it is used
externally, it must be detailed in such a way as to prevent rot.
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2.6.

Recycling a building. London
Eco House for the
environmental charity
Conservation and Urban
Ecology. An external wall lined
with a timber framework, which
will hold 150 mm of insulation
to achieve ‘super insulation’
standards. Window frames will
be reused but glazed with
energy-efficient argon-filled
double glazing. To justify the
reuse of buildings on
environmental grounds will, in
most cases, require that their
energy efficiency is significantly
improved. Architects: K. Bohn
and A. Viljoen.

Currently, most timber suppliers will automatically treat external
timber to prevent rot but these treatments are highly toxic and
should be avoided in ecological buildings. Therefore, some
untreated species of timber, particularly much low-grade imported
softwood, is not suitable for external use. If one can source durable
timber, it may be used untreated externally by detailing it correctly.
This generally means making sure that, if the timber does get wet,
water will rapidly drain away and the timber is well ventilated. One
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should check the durability of any external timber before purchas-
ing it. Oak and Larch, for example, are durable external timbers,
whereas much softwood imported into the UK is not and, if used
externally, will not have a long life.

As a general rule for materials, choose local materials that have
had the minimum processing. But do check that they will be
durable and fit for the purpose intended!

See the recommended reading list for publications that provide
more detailed information about material selection.

DETAILED STUDIES OF TWO HOUSES IN THE UK

A comparative study between embodied energy and energy in use
is a complex task, requiring accurate embodied energy figures and
detailed information regarding the construction of the building and
its predicted energy requirements. It is not something that every
house builder would wish to undertake.

However, detailed study has been undertaken by one of the
authors (Viljoen, 1997) of Dr Roaf's Oxford Ecohouse and a similar
low-energy house in Suffolk, designed by the architect Roy

2.7.

Green roof from 1924, Le
Corbusier's mother’s house at
Vevey, Switzerland. A building
element can have several
environmental functions, for
example insulating a roof,
increasing bio-diversity,
extending nature into a building
and giving visual pleasure: ‘In
spring the young grass sprouts
up with its wild flowers; in
summer it is high and luxuriant.
The roof garden lives
independently, tended by the
sun, the rain, the winds and the
birds which bring the seeds’ (Le
Corbusier, 1924).
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Grimwade. Conclusions drawn from the study can be applied
generally to housing in the UK and further afield. Figures for the
primary embodied energy and associated emissions of construc-
tion materials were supplied by Nigel Howard, one of the leading
authorities on embodied energy in the UK.

The purpose of the study was to assess the relative importance
of embodied energy compared with the energy used by a dwelling
on a day-to-day basis. Studies were made using several variations
of the Roaf and Grimwade houses. The design of each building
was altered from being a low-energy house to one that met the
requirements of the current building regulations. Then, in a series
of steps, each design was made progressively more energy
efficient. In the final case, each house was designed as a ‘zero-
energy house’, a house receiving over 1 vyear all of its energy
requirements for space heating, hot water, cooking and appliances
from on-site renewable energy sources. The embodied energy
of all materials and components, including solar hot water and
photovoltaic systems, were taken account of in a life cycle analy-
sis calculation.

As a zero-energy house will have more materials and technical
equipment built into it, the intention of the study was to find out
if this extra equipment and its associated embodied energy and

2.8.

Active solar roof from 2000,
Centre for Alternative
Technology, Wales. Photovoltaic
panels used as a roofing
material, generating electricity
from the sun for use within the
building. Systems like this
significantly reduce the
environmental impact of
buildings. Energy used in
manufacture is offset by the
energy generated while in use.
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emissions resulted in a house with a lower total environmental
impact over its lifetime than one that used some non-renewable
energy sources. Comparisons between different options were
made on the basis of the life cycle analysis, which predicted yearly
energy and CO, emissions per square metre of floor area for each
house, resulting from embodied and in-use energy requirements.

RESULTS FROM THE LIFE CYCLE ANALYSIS

Reducing energy-in-use requirements

The results from this study showed very clearly that zero-energy
houses had the lowest environmental impact. The first priority of
any design should be to reduce energy-in-use requirements as far
as possible using energy conservation techniques and then use
active and passive solar systems to supply energy needs. The
impact of materials is generally of secondary importance.

Building for a long life

Apart from the embodied energy of individual materials, the study
showed how important a building’s life expectancy is. The longer
the low-energy dwelling can last, the lower the environmental
impact of the materials that have gone into its construction.

Choosing materials for walls and floors

Both the Roaf and the Grimwade houses were built to low-energy
standards and were similar in form. The one major difference
between them lies in the materials used for construction. The Roaf
house uses traditional building materials, e.g. concrete blocks and
brick with precast concrete floors. The Grimwade house was
designed to be built with rammed earth walls, using locally grown
timber for a structural frame and wooden floors to the first floor.
Also, its section minimizes the height of walls and thus the quantity
of material required to construct them.

The study showed that, using a life cycle analysis including
embodied energy and emissions, one could expect a house built
from rammed earth and local timber to have a lifetime energy
impact in the order of 20 per cent lower than a house built using
medium-density concrete blocks. CO, reductions are much greater,
at about 50 per cent; see the section below on thermal mass.

While it is almost certainly the case that timber-framed buildings,
built using a local source of timber, will have a lower embodied
energy than similar houses built using bricks and concrete, this
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comparison does not take account of the thermal benefits that may
arise from using high-mass materials.

Choosing thermal mass

Bricks, concrete and rammed earth have high thermal capacities,
which means they can absorb heat over time and release it
relatively slowly as the surroundings cool down. The theoretical

2.9.

Wooden cladding and colonnade
at mixed-use housing, llot 13,
Quartier des Grottes, Geneva,
Switzerland. Timber, from local
sustainable forests, has a low
environmental impact. Care
should be taken when detailing
it to ensure it will not rot. Here,
a roof overhang provides
protection from rain. The raised
timber walkway in the
foreground has gaps between
the planks to ensure good
drainage and ventilation.
Architects: P. Bonhote,

0. Calame and I. Vuarambon.
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Internal view of a bookshop under construction, Centre for Alternative Technology,
Wales. Materials with a high thermal capacity, capable of absorbing and storing
heat, are placed below south facing windows. During the heating season they
help to store heat, reducing the need for space heating. In summer, they help to
prevent overheating during the day by absorbing excessive solar gain. The
embodied energy of this building is extremely low. The timber comes from local
forests, thus minimizing the embodied energy resulting from transport. Internal
walls (here with sunlight on one of them) are constructed using rammed earth
and act, with their high thermal mass, as heat stores. Architect: Pat Borer.
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benefit of high thermal mass is often exaggerated but, for a build-
ing continuously occupied, thermal mass can be of some benefit
if positioned so as to absorb direct sunlight.

The most environmentally sensitive material for thermal mass is
rammed earth. If this is not feasible, concrete blocks will most
likely be used. Concrete blocks are available in a range of densi-
ties from low-density insulating blocks (0.6 tons m™), to medium-
density (1.1 tons m™) and high-density blocks (2.2 tons m=). The
embodied energy and CO, of concrete blocks varies considerably
and unexpectedly with their density. Owing to the manufacturing
process and the materials used, high-density blocks have the
lowest and medium-density blocks the highest embodied energy
and CO, emissions by weight and volume.

The life cycle analysis study showed that a low-energy rammed-
earth house would result in CO, emissions on the order of
10.3 kg m?year”, compared with 12.9 kg m= year™ for a building
using dense blocks (2.2 tonnes m™>) or 20.9 kg m? year' for a
house using medium-density blocks (1.1 tonnes m™). Compared
with using rammed earth, and depending upon the type of block
chosen, the CO, impact of a concrete house can change by
between 25 per cent and 100 per cent!

An interesting strategy for housing is to use a mixture of high
thermal mass and lightweight timber-framed construction.
Normally, high-mass walls are constructed internally and are
surrounded with well-insulated timber-framed external walls. There
is a clear analogy with a person wrapped up in a warm coat.

Generally, a well-insulated high-mass house is less likely to
overheat in summer than a low-mass one. In lightweight timber
dwellings, care is required to prevent summer-time overheating,
usually by means of solar shading and ventilation.

Integrating photovoltaic and solar hot water systems

Photovoltaic and solar hot water systems significantly reduce a
building’s overall environmental impact. The life cycle analysis
study showed that a photovoltaic system reduced the total embod-
ied and in-use energy impact of the Roaf house by about 40 per
cent and the CO, emissions by about 35 per cent.

Integrating whole-house mechanical ventilation with
heat recovery

Based on the Roaf and Grimwade house life cycle analysis
studies, mechanical ventilation with heat recovery for the whole

57



58 Ecohouse: A Design Guide

house makes sense, resulting in energy and CO, reductions on
the order of 10 per cent. However, recent studies of low-energy
houses by the International Energy Agency (Hestnes et al., 1997)
have noted that the electricity used by fans in mechanical venti-
lation systems can be significant. If larger amounts of electricity
are used, the energy advantages of a mechanical ventilation
system with heat recovery will be less than suggested above,
and perhaps these systems have an overall negative impact.
Within the UK, the jury remains out on this point.
Notwithstanding energy and CO, considerations, there is a
question regarding the internal air quality delivered by such
systems. Whole-house mechanical systems require horizontal
pipe runs connecting inlet and outlet points that are generally not
cleaned and can, over time, build up deposits of dirt and dust,
which may lead to poor air quality.

Comparison with current Building Regulations

The total embodied and in-use energy impact of the Roaf house,
as built, is about half that of the equivalent house built to current
Building Regulations. CO, emissions are reduced by about 60 per
cent.

Where to find building materials with a low
environmental impact?

Germany appears to manufacture the greatest range of ecological
building materials. As the market expands, variety and availability
increase. Currently, in the UK the quantity of ecological building
materials available is increasing, but many are imported. Although
import adds to the material’s embodied energy, it seems a good
idea to use these products as, apart from their environmental
benefits, using them will demonstrate that a market exists. This
should stimulate local manufacture, which in the long term would
result in significant environmental benefit.

Solar hot water and photovoltaic systems are available in most
countries; both systems can significantly reduce the environmen-
tal impact of a dwelling. The cost of photovoltaics remains
relatively high, but is dropping all the time. Solar hot water systems
are considerably cheaper and, given their environmental benefits,
should if possible be used.

Other building materials with a low environmental impact,
which are generally available in the UK, include paints and stains
(water-based), plasters (clay-based), thermal insulation (using
recycled paper, flax, wool or cork), local sustainable timber (often
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available if researched), earth wall construction (local soil types
need to be tested to see if suitable) and straw bale construction
(if space permits and finishes are acceptable, it can be quite
rough).

Materials that will save energy (mainly double or triple glazing
with low emissivity coatings or insulation) almost always make
sense. Low-impact window frames with different glazing types are
relatively easy to obtain in the UK.

2.11.

Small theatre building built of
straw, Centre for Alternative
Technology, Wales. A timber
frame supports the roof.
External walls are constructed
using straw bales, which provide
high levels of insulation. A
render protects the straw bales
from moisture. This is a building
with low thermal mass; it will
cool down and warm up quickly.
For a building used
intermittently, this can be a
good strategy but care needs to
be taken to prevent
summertime overheating by
providing effective ventilation
and shading. Architect: Pat
Borer.
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Windows should be considered in relation to daylight and
thermal insulation. A poorly daylit room will require the use of
electric lighting with its associated negative environmental impact.
One should also remember that double or triple glazing will reduce
the amount of light passing through a window as each pane of
glass will absorb some of it. Nineteenth-century houses give a
good idea of window sizes required for adequate day lighting.
Insulation materials with low environmental impact, as well as
skilled contractors, are beginning to appear on the British market.
Within the UK, as a rule of thumb, 150 mm of insulation in walls,
250 mm in roofs and, say, 100 mm expanded polystyrene under a
concrete ground floor are considered to result in a ‘super-insulated’
house (Olivier, 1992). Synthetic insulations should be avoided,
unless water proof qualities are necessary (see reference list for
further reading).

Ventilation and insulation must be considered together. There is
no point in heavily insulating a dwelling if it is not also airtight. Too
much background ventilation results in great heat loss in the
winter, too little leads to a risk of condensation and stale air or, at
worse, excess CO,. Adequate background ventilation, usually
through ‘trickle ventilators’ built into window frames, is essential
for health and condensation avoidance in most houses. Trickle
ventilators for all types of window frames are easily available in the
UK, as well as more complex whole-house natural ventilation
systems.

CONCLUSION

As a first priority, a design should aim for a dwelling that uses the
minimum amount of energy to run. This can be supported by, for
example, applying conservation techniques and passive solar
design principles. Where possible, the use of solar hot water and
photovoltaic systems is highly advisable to generate on-site
energy (wind or water power may be appropriate in some
situations).

Once the design strategy is clear, local building materials and
those requiring the minimum processing should be selected in
preference to highly processed materials and those from further
afield. Non-toxic products should replace chemically treated materi-
als and those containing toxins. The durability of materials is also
very significant as it will affect the lifespan of a building and, the
longer a low-energy house lasts, the less relative impact its materi-
als will have. Ideally, all building materials should be easily
recyclable. Finally, the potential for flexible occupancy will help to
extend the useful lifetime of a building.
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A chair at the Tipu Sultan’s
Summer Palace in Bangalore,
India. Avoiding artificial finishes
in interiors is a good strategy for
reducing environmental impact.
Modern synthetic paints and
carpets generally have high
embodied energies and are
often environmentally unfriendly.
Their frequent replacement also
contributes to the negative
environmental impact of finishes
and fittings.
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3 DETAILING THE ENVELOPE

In this chapter we give some rather detailed information on the
thermal performance of specific elements used in the construction
of a house. These include the insulation, cold bridging in windows
and walls, infiltration and a few more general points on window
design. This material, very detailed in places, is included in this
book because it is so important in the jigsaw puzzle of low-energy
house design.

INSULATION

The colder the climate, the more insulation is needed. The Inuit
people of the Arctic get most of their insulation from the skin and
fur clothes they wear that keep them warm even when living in
houses made of ice.

In a similar climate, in the Antarctic, a Mantainer (container for
people) was designed for Robert Swan's expedition, in which the
wall of the capsule provides most of the necessary insulation. The
structure (Figure 3.1) is made of a timber fibre honeycomb base
panel (12 mm thick), compressible wool insulation to the exterior
of the panel, all contained in a waterproof cotton skin. The double
floor panels are of polyamide honeycomb. Similar pods are used
in remote regions of the world, such as the Swiss Alps (Figure
3.2), and their success depends on choosing exactly the right
insulation that is light and highly efficient, regardless, in this case,
of cost. The specification of insulation in many of our own homes
may be quite different. The trick with insulation is to choose the
right insulation for the job.

But there is a wide range of insulation products on the market at
a wide range of prices. How does one choose the right type for the
job? The properties of each insulation product should be evaluated
and, if necessary, checked with the manufacturer. A clear specifi-
cation for the insulation should be drawn up. Does the insulation
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3.1.

The Mantainer pod designed for Robert Swan'’s Antarctic Expedition. The pod uses photovoltaics to generate
electricity and a gas microwave cooker. A multifuel cooker is included where waste can be burnt. Water comes from
snow melt. The WC is compositing, and those wastes not compostible or combustible are removed at the end of
the habitation (lan Guilani, Mantainer, Ecotechnology, Henley, UK. Email: giu@mantainer.demon.co.uk).

have to be waterproof? Is it best to use a reflective board, a high
mass wall or a bulky insulation product (see below)? How much
room in the construction is available for it? How toxic is the product
and does it matter? Is it to be put on the exposed side of a house
where there is driving rain or on the sheltered solar elevation? How
fire-resistant does it have to be? For instance, if the insulation is to
be used internally, then a fire-resistant type is essential; this subject
is covered under the section ‘Fire’ in Chapter 6. Where the insula-
tion is to be placed in well-sealed cavity walls this may not be such
an issue. The usual basic rules for materials choice should apply:
use materials that are as natural as possible and as local as possible.
However, in some cases, such as the Mantainer pod, it is possible
to justify the transport energy costs of moving insulation long
distances because of the amount of energy saved when it is used
on location. Who wants to lug a Calor Gas bottle up a Swiss Alp?
Here, as always, common sense is essential.
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A Mantainer pod placed by helicopter in the Swiss Alps for all-season use (lan Guilani, Mantainer, Ecotechnology, Henley,
UK. Email: giu@mantainer.demon.co.uk).
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Table 3.1.

Some properties of insulation materials

Type of insulation

Expanded Rock Cellular Cellulose Phenolic
polystyrene mineral glass foam
insulation wool
Thermal 0.033 W mK™ 0.034-0.036 0.042 W mK™' 0.033 W mK™ 0.018 W mK™
performance W mK™
Moisture NOT considered a Does not absorb 0.2% by volume. Not given (presumed High moisture resistance,
resistance vapour barrier. Low moisture. At 95%  No capillary action. low moisture low vapour permeability,
water vapour RH, hygroscopic resistance). 90% closed cell
transmission, no water content is structure.
capillary action, and only 0.02% by
high resistance to volume, 2% by
moisture absorption.  weight.
No capillary action.
Mechanical 10% compression 10% compression  10% compression Not given (presumed ‘Good compressive
performance strength of strength of strength of poor mechanical strength’.
110-150 kPa. 120-180 kPa. 230-500 kPa. strength).
Average compressive
strength is 600 kPa
(87 p.s.i.).
Chemical Resistant to diluted May need Pure glass without Treated with Low corrosion, pH
properties acids and alkalis. isolating board binders or fillers. inorganic salts approx. 6.5. Pre-1980s

Fire behaviour

Toxicity

Embodied

energy

CFC emissions

Effects of
age

New
buildings

Existing
buildings

Prices

Lifetime

Recycling

Not resistant to
organic solvents.
Can chemically
interact with
polymeric single-ply
membranes such as
PVC.

Melts and shrinks
away from small
heat source. Ignites
with severe flames
and heavy smoke
when exposed to a
large heat source.

Thermal
decomposition
products are no
more toxic than
those of wood.
120.0 GJ t

Does not use CFCs,
HCFCs or CO,.

None reported.
See Chapter 4.

On or below sub-floor
slab, between timber
floor joists. Partial or
full fill wallboards.
Flat or pitched roofs.
Granular and bead
forms of EPS can be
injected into existing
cavity.

Range

£1.23-6.50 per m?,
Board: 50 mm £4.95,
100 mm £4.64. Cavity
fill: 65 mm £2.75
(including labour).
None given.

Easily melted and

under asphalt.

Non-combustible
to 2000°C.
Practical limit is
1000°C owing to
the additives.

None.

25.0GJt"

Does not use
CFCs, HCFCs.

None (batt).
Settling (loose fill).

Roof or ceiling,
walls, floor or
foundation.

£1.50-3.00 per m?

60+ years.

Recycling programs

reformed. Low density in place in the UK.

precludes long-
distance transport.

Totally inorganic,
impervious to common
acids except
hydrofluoric acid. May
release hydrogen
sulphide and CO in

a fire.
Non-combustible.

None.

27.0GJt"

Does not use
CFCs, HCFCs.

See Chapter 4.

Roof or ceiling,
walls, floor or
foundation.

‘Expensive’

None given.

Reclaimable on
demolition.

for fire protection.

Withstands direct
heat from a
blowlamp.

None, fully
biodegradable.

0.63-1.25 GJ t'

Does not use CFCs,
HCFCs or VOCs.

None reported.

Roof or ceiling,
walls, floor or
foundation.

None given.

None given.

100% recycled
and recyclable.

foam corrosive to metal
deck surfaces and
fasteners in dry
conditions and
aggressively corrosive
when wet.

Class O fire rating.

Formaldehyde used
in manufacture.

27.78 kW kg™

Does not use CFCs.
Uses chemical blowing
agents instead of a
physical one.

See Chapter 4.

Factory engineered
panels. Particularly
suited for HVAC
pipework and
ducting.

Not mentioned.

‘Ballpark’ £5.81 per m?

‘Long’ — usually
exceeds building life.
Is possible.

No programs in UK
as reported.
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Microporous Sheep’s Flexible Cork Polyurethane Polyisocyanurate
silicia wool melamine foam foam

foam
0.020 W mK™' 0.037 W mK™ 0.035 W mK™ 0.037 W mK™' 0.017 W mK™ R-value/inch:

2.8-5.5

Moisture content  40% water Undergoes significant  Water repellent Closed cell structure Low water absorption
of 1-83% by absorption dimensional changes  with zero capillarity. forms monolithic, and vapour
weight. (by dry weight) with increased Relatively high rate self-flashing surfaces. transmission.

Tensile strength
is low. 5%
compression can
be fully
recovered.

Leachable chloride
content is low,
less than 50 ppm.
Leachable silicate
content is high,
greater than

1500 ppm.

Non-combustible
with zero flame
spread.

Safe to handle.
Avoid breathing
dust from cutting
or machining.

Not given.

Not mentioned.

None.

Mostly industrial
applications.

None given.

None given.

Not mentioned.

at 100% RH.

Not given
(presumed poor
mechanical
strength).

Not mentioned.

Ignition point
560°C. Fire
resistance B2.

None, fully
biodegradable.

moisture content
owing to its open
cell structure.

‘Foam does not have
a particularly high
strength’.

Resists hydrolysis,

alcohols, hydrocarbons,

most organic solvents
and dilute acids and
bases.

Can withstand up
to 160°C with no
reduction in
performance.
Rated as Class 1.

Non-carcinogenic.

30 kWh m= energy Not given.

consumption in
manufacture.

None reported.

CFC-free.

Will degrade if left See Chapter 4.

exposed to sunligh

or water for
extended periods.
Roof or ceiling,
walls or floor.

Twice the cost
of mineral wool
products.

None given.

Can be fully
recycled.

HVAC pipes, ducts,
plant. Plant rooms,
offices and
conference suites,
theatres, cinema
auditoria, and
recording studios.

£3.72-£29.07 per m?
depending on
thickness.

None given.

Cannot be melted
and reused.

of vapour.
transmission.

Compressive strength
up to 20 kN m™
without deformation.
Bending strength

140 kN m=2,

Unaffected by water,
alkalis and organic
solvents.

No cyanides, chlorides
or other toxic gases
are produced. Rated
as Class 1.

None mentioned.

Can be harvested every

9-12 years during the
tree’'s 160-200 year
productive lifetime.
None reported.

None reported.

Single layer system or

as part of a composite

board.

None given.

None given.

Not mentioned.

Can be sprayed with
elastomeric coating
for further weather
resistance.

10% compression
strength of 114 kPa.
Tensile strength of
120 kPa. Shear
strength 80 kPa.

Not mentioned.
See Chapter 4.

Interior building
applications may be
covered with a fire
resistive thermal
barrier. Do not use
welding and cutting
torches on or near
such foams.

May cause irritation
to skin, respiratory
system, and eyes.

Not given.

Uses HCFCs.

Can be renewed
with the application
of the elastomeric
top coating.

Can be blown or
sprayed into a cavity.
Adheres to most
surfaces. Conforms
to irregular shapes
and penetrations.
Tanks, pipes, cold
storage rooms, etc.

None given.

None given.

Can be renewed with
the reapplication of
the elastomeric top
coating. Not
recyclable upon
removal.

High strength to
weight ratio.

Can be used with
asphalt. See Chapter 4.

Can withstand high
temperatures and when
finally burnt forms a
surface char, which
helps to insulate the
underlying foam from
the fire.

None mentioned.

Low when made from
recycled materials.

CFC-free.

See Chapter 4.

Solid floor, suspended
timber floors, partial fill
of cavity walls, steel
stud-framed walls,
timber-framed walls,
and roofs.

£6.00 per m? with
50 mm thickness.

None given.

Can be manufactured
from the waste
stream of other
polyester-derived
materials such as PET
bottles.
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The next question is how much insulation to put into the roof, walls
and floors of a building? This decision should be made early on in
the design as it determines how thick the house envelope will be
and, in turn, what is the most suitable construction detailing for
the house. This choice is often made on the basis of cost.

In a recent article Peter Warm explained some calculations to
evaluate the optimal thickness of insulation. He based the first
equation on a semi-detached house in the UK, with space heating,
over a 60-year lifetime with fuel costing £0.164 kWh™ (Warm,
1997). Normal mineral wool batts at current costs are the cheap-
est air-based insulation available in the UK at present, and the
results showed that actually the most economical thickness is
around 200 mm. However this, and many other calculations are
based on present fuel prices and insulation costs. We also know
that over the next 20 years the price of energy must go up, though
by how much is not known. What happens to the cost of insula-
tion materials if the cost of oil and gas doubles or triples over the
next 20 years? Warm also redid the calculations independently of
prices. He looked at how much energy it takes to manufacture the
insulation in comparison with how much energy the insulation
saves over a 60-year life. It does suppose that the fuel types are
equivalent but it gives a rough tool for answering the question. This
changes the picture completely and the most economical thickness
of insulation becomes around 650 mm! So the limitations on how
much insulation we put in our homes are possibly the practical
details of the mounting and fixing systems we use, rather than
economic ones.

Already we have introduced a number of variables into the
process of choosing the right insulation for a job, including type,
fire resistance, time, local material availability, cost, and microlo-
cation, i.e. is it an exposed or sheltered wall. Each of these factors
will vary around the world because the amount of insulation
required to ameliorate the climate inside a building depends also
on the climate of the location (for instance maritime or continen-
tal), latitude and also altitude.

In his Doctoral study on energy-saving guidelines in South Africa,
Piani (1998) calculated the amount of heating energy needed by
each person to keep warm in the different geographical regions of
South Africa. He recommended that wherever the heating demand
was 2.20 kWh m or less insulation in the roof for winter heating
was not required, but in those areas where more heating was
needed roof insulation would be necessary as standard. This,
however, does not cover the need for insulation in the roof to keep
the heat out in summer. Many readers will have suffered from the
‘hot top-floor’ problem caused by un-insulated roofs that act as
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3.3.
Proposed maximum required heating energy for different South African climatic regions in kWh m™ per person (Piani,
1998, p. 123).

heat collectors during the day. It is late at night before the upstairs
bedrooms are sufficiently cool to sleep in. This is especially true
in countries such as India and Pakistan, where the high costs of
electricity mean that only the very rich can afford air-conditioning.

Insulation is put around buildings to keep the heat in. Heat is a
form of energy that is measured in the same units as any other
type of energy, in Joules. Heat always flows from a hotter to a
colder state, and it cannot be created or destroyed. In our homes
we merely change the state of energy, or degrade it, when we
burn wood or heat a kettle. The Celsius scale, with which we most
commonly measure temperature, takes the freezing point of water,
the beginning point, as 0°C and the boiling point at 100°C. When
writing about temperature we describe a particular temperature as
being X°C but the temperature difference between two tempera-
tures we confusingly call Kelvin (K). This is named after the man
who established the absolute temperature scale that starts at
‘absolute zero’, which is —=273.15°C. Thus, the difference between
30°C and 25°C is called 5 K, not 5°C.
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The specific heat capacity of a substance is a measure of how
much energy it can store. For different materials, it can be
described as how much heat energy is required to raise the temper-
ature of a kilogram of the material by one degree Kelvin. Materials
can store very different amounts of heat, have very different densi-
ties and be better or worse conductors of heat (Table 3.2).

Table 3.2. The relative density, conductivity and thermal capacity of a range of materials. Note
the excellent thermal capacity of water. This makes it an excellent storage medium for heat

Type of material Thermal capacity (J kg'K™")  Density (kg m™®)  Conductivity (W m™ K')
Lead 126 11 300 37

Expanded polystyrene slab 340 25 0.035
Polyurethane 450 24 0.016

Steel 480 7800 47

Mineral fibre batts 920 35-150 0.035-0.044
Brick 800 1700 620-840

Glass 840 2500 1.100
Plasterboard 840 950 0.16

Marble stone 900 2500 2.0

Adobe 1000 2050 1.250
Concrete 840-1000 600-2300 0.190-1.630
Wood wool slab 1000 500 0.100

Dry air 1005

Strawboard 1050 250 0.037
Timber hardwood 1200 660 0.120
Chipboard 1300 660 0.120
Timber softwood 1420 610 0.130

Urea formaldehyde foam 1450 10 0.040
Phenolic foam 1400 30 0.040

Cork 1800 144 0.038
Water 4176 1000

There are three different ways in which a wall can be insulated:

e Resistive insulation. This is what most of us think of as insula-
tion. These are the ‘bulk’ insulation products, which include
mineral wools, strawboard, wood-wool slabs, glass fibre
products, kapok, wool and cellulose fibre. They also include
expanded and extruded polystyrene, polyurethane, urea-
formaldehyde, vemiculite and perlite.

e Reflective insulation. This requires a highly reflective material,
aluminium foil, to face a cavity across which high levels of
radiant heat are being transmitted. The foil reflects the radiant
energy back across the cavity, rather than absorbing it. This type
of insulation will not work if the face of the foil is touching the
opposite wall.
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¢ Capacitive insulation. This is often described as ‘thermal mass’
and is found in buildings in the form of ‘heavy walls’.

While resistive and reflective insulation work instantaneously,

capacitive insulations affect the timing of the heat flows. The differ-

ence is best illustrated by the comparison of:

1 10 mm polystyrene slab (U-value = 2.17 W m= K™
2 400 mm of dense concrete slab (also U-value = 2.17 W m=2 K™).

Under steady-state conditions there will be no difference in heat
flow through the two slabs (Zold and Szokolay, 1997). A significant
difference will, however, occur if these slabs are exposed to a
periodically changing set of conditions. Figure 3.4 shows the varia-
tion of the heat flow rate over 24 hours at the inside face of the
two slabs, exposed to the same external temperature variation
whilst the indoor temperature is kept constant. The daily mean heat
flow is the same but the two sinusoidal curves differ in two ways:

1 The heavy slab’s heat flow is delayed: the term ‘time lag’ is
defined as the difference (in hours or days) between the peaks
of the two curves.

2 The amplitude (mean to peak) of the heavy slab’s curve is
reduced well below that of the lightweight material. The ratio of
the two amplitudes is called the decrement factor.

A simple rule of thumb to use when sizing mass in a very passive

building, designed to minimize heating and cooling loads, is that the

optimal depth of mass for diurnal use is 100 mm for each exposed

surface. So, if rooms back onto each other the walls should be 34,

150-200 mm thick. In more extreme climates the time lag can be  The periodic heat flow through a
increased, or the decrement factor decreased, by altering the width light and heavy wall of the same
of the mass wall. U value.

time-lag
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In a colder climate, for instance in Glasgow, a heavyweight build-
ing ensures more even and comfortable conditions than the light-
weight building and uses slightly less energy to do so if the heating
and occupation are regular on a daily basis. If a house is left
unoccupied and then has to be reheated, the lightweight version
uses less energy than the heavyweight building. During the heating
OFF period the house will cool down considerably. However, with
intermittent heating (e.g. night shut-down) but continuous
occupancy, as in most residential buildings, the heavyweight
version would maintain acceptable conditions during the OFF
period (Szokolay, 1997). This is why so many of the older houses
in Britain, and many other countries, had such thick walls: to keep
the warmth in during winter when they were continuously
occupied, and the heat out in summer. This does not work when
they are used as weekend cottages.
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Constructional section through
the roof/wall junction of the
Oxford Ecohouse (David
Woods).
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A more flippant rule of thumb for the optimal thickness of insula-
tion could be ‘Think of a number and double it’. Insulation will pay
dividends for many years when the price of heating energy rises
and the price of insulation materials with it. It is not uncommon in
some countries such as Switzerland to use up to 500 mm of bulk
insulation in the roof and 300 mm in walls. For these thicknesses
traditional rafters are difficult to detail and new materials, such as
pre-formed masonite beams, are often used that can be specified
to such depths (Vale and Vale, 1999). Nylon wall ties up to 300 mm
wide are available for cavity walls from K. G. Kristiansen of
Denmark (Fax: +45 755 08716).

It is very important to get the construction details correct, and
to build correctly on site. Very close site supervision is needed to
ensure that the insulated cavities are not filled with dabs of mortar
from the walls that will then form cold bridges across the cavity.
When sprayed insulation is used great care must be taken that
corners are properly filled. Wall batts must be fixed so they do not
sag in cavities or in the roof space and insulation must be properly
cut to fit snugly against surfaces. In cold climates the water tanks
must be included within the insulation envelope to prevent them
freezing.

Corners are particularly difficult to get right and their filling should
be supervised to ensure that the most vulnerable elements in the
building are not exposed by poorly fitting insulation. In areas
subject to driving rain care should be taken to place a cavity
between the insulation and the outer skin of the building down
which water can run without soaking the insulation. If only one
side of a cavity has insulation then proper wall ties must be used
to hold the insulation in place to maintain the cavity in its right
location in the wall.

It is no use putting in very high levels of insulation when the
windows have a much lower thermal performance, so very good
walls should have very good windows. Check with local window
manufacturers about the performance data for available ranges of
windows and choose the best windows you can afford, because
these will pay dividends over the years.

For a more detailed account of how to calculate insulation thick-
nesses see Zold and Szokolay (1997). For an excellent guide to
detailing insulation into different building types see BRE (1994).

COLD BRIDGES

Cold bridges are the most invidious of all problems that are
designed into a building. They are invisible and yet can cause
enormous damage to the building and the health of people in it.
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3.7.

Plan (A) and section (B) through
the window of the Oxford
Ecohouse demonstrating how to
eliminate cold bridging with
timber sub-frames around the
window, the splitting of the
lintels and the elimination of the
brick returns (David Woods).
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Cold bridges have been, along with too much glazing, the
thermal nemesis of ‘modern architecture’. A cold bridge is a
pathway between the outside cold surface of a building and the
internal warm air of the room. A cold bridge, most usually made
of metal, conducts the heat out through the wall so cooling the
internal wall surface of the building. A wall can be a cold bridge
if it is built of solid masonry. Studies have shown that in, say, a
100 mm solid brick wall the internal surface temperature can be
very similar to the external temperature. Walls are particularly
vulnerable to cold bridging on corners, where they have more
than one surface exposed to the elements, as shown in Figure
3.8. Cavity insulation can significantly improve the thermal
performance of a wall. The most common cold bridges in build-
ings are metal lintels, wall ties, window frames and concrete and
metal columns and beams that link the internal and external
leaves of walls.

The effectiveness of the cold bridge is dependent on the conduc-
tivity of the material of which it is made. Figure 1.1 shows that
while copper and steel are very good conductors of heat, timber
and glass are not. To demonstrate the difference in conductivity of
materials, aluminium conducts heat four times better than steel,
200 times better than glass, 1200 times better than timber and
PVC, and 8000 times better than air.

2°C 4°C

6°C
8°C
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9.1°C 12.1°C
T, = 20°C
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333433
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3.8.

Corners of walls lose heat very
rapidly as they are exposed on
two sides. Isotherms and
Temperature Difference Ratios
(TDR) at the corner of an
insulated and un-insulated wall.
A, 100 mm brick, U =
3.3Wm2K, TDR - 0.54. B,
100 mm brick=50 mm insulation
-100 mm brick, U =

0.6 Wm™2K, TDR - 0.14
(Oreszczyn, 1992).



There are a number of reasons why cold bridges should be

avoided:

1

They cost the building owner money because they are an effec-
tive path for heat out of the building or, in hot countries, heat
into the building, so requiring more money to be spent on the
heating or cooling of buildings.

They can cause serious discomfort in buildings by creating cold
(or hot) walls, windows or areas in a room.

They cause condensation. Because, when the outdoor air
temperature is lower than that indoors, the cold bridges are
colder than the internal surrounding wall and room air. So, they
cause the adjacent wall and air to cool rapidly. As cooler air can
hold less moisture than warm air, so moisture condenses out
on the surface of the cooler wall. This moisture can damage the
structure of a building and provide a substrate for the growth of
mould. This is why mould is typically found on the edges of
metal window frames or at wall corners and in patches on the
wall in front of a cold bridge. Mould is very bad for health, as
described in Chapter 6.

In order to prevent cold bridging in new buildings care should be
taken to ensure there are no metal or concrete elements that span
from the inside to the outside leaves of walls:

Replace metal wall ties with nylon ones.

Do not return the brick work around doors and windows but use
a timber sub-frame detail as shown in Figure 3.7 (see also Vale
and Vale, 2000, pp. 162-166).

Eliminate the need for through-wall metal ducts by sensible
design of opening windows and vents, and the use of passive
stack ventilation systems.

Split lintels so there is an external lintel for the outer leaf of a
wall, a timber sub-frame for the insulation and a separate inter-
nal lintel for the inner leaf of a wall. Single metal lintels across
the wall should be avoided.

Choose the windows carefully to have a U (or R) value in
keeping with that of the walls. If there is a single glazed window
in a very well-insulated wall it will attract condensation owing to
its internal surface temperature being much lower than that of
the wall. Try to avoid metal window frames.

One method of characterizing the severity of a cold bridge is the
temperature difference ratio (TDR). This is a coefficient that speci-
fies how cold a surface is relative to the inside and outside temper-
ature (Oreszczyn and Littler, 1989; Oreszczyn, 1992). The TDR is
calculated with the following equation:
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3.9.

A window is often the largest cold bridge in a wall. The top row are aluminium frames. Second row left is simple
timber. The next three are timber/aluminium combinations. Centre in the third row down is all PVCu and the last 4

frames are PVCu/aluminium combinations. Thermally broken spacers (with 4 internal lines) improve performance.
(Richard Harris, 1995 and the Centre for Window and Cladding Technology, Bath).



TDR = Internal air temperature — cold bridge temperature
Internal air temperature — external air temperature

The more severe the cold bridge the greater the TDR. Cold bridges
with a TDR of greater than 0.3 are unacceptable because the cold
bridge will be cooler than the surface temperature of adjacent
double glazing, hence condensation will appear on the wall before
it forms on the window.

Table 3.3. Classification of cold bridges
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Cold bridge type TDR Examples

Negligible less than 0.15 Plain walls — U-value less than 1.2 W m= K
External corners U-value less than 0.6 W m™ K. Insulated lintels.

Moderate 0.15-0.2 Plain walls U-value greater than 1.2 W m™= K
3D corner U-value greater than 0.6 W m= K

Severe 0.2-0.3 External corners U-value 0.9-1.5 W m™2 K.

Uninsulated lintels.
Concrete party wall or floor.

Unacceptable greater than 0.3 2D corners U-value greater than 1.5 W m™ K
3D corners U-value greater than 1.0 W m=2 K

Party floor and wall of drylined wall.

Window reveal of drylined wall.

INFILTRATION

It is apparently normal for up to 50 per cent of the heat loss from
new buildings in the UK to come from uncontrolled ventilation
(Olivier, 2000). Rather than continue with the tradition of leaky
building more countries should adopt the Canadian practice of
‘Build tight and Ventilate right’. Great care should be taken that
every time a hole is put through the structure the remaining air
gaps are sealed tightly. Watch out for holes that appear around
timber beams in masonry walls and pipe inlets and outlets through
walls.

In addition care must be taken to ensure that the vapour and
wind barriers around the house are kept intact throughout the
building process to ensure that walls and poorly built masonry or
timber joints do not leak (Mould, 1992). Beware, in particular, of
the poor brick layer who does not fill the mortar joints properly but
uses dabs of mortar that will leak air around them into the cavity.

Where ventilation is needed, a range of different-sized vents, and
windows, can be included to enable residents to easily control the
amount of air movement in a range of different ways. This is much
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Description TDRco

Uninsulated 0.265

solid wall

25 mm drylined 0.325 X
solid wall

Solid wall 0.145

plus 187cm

floor and

ceiling drylining

Solid wall 0.315

only ceiling X
and wall drylined

Solid wall 0.115
external \/

insulation

Solid wall 0.175

partial
external

insulation

Uninsulated 0.240
cavity wall

Insulated 0.210 \/
cavity wall

Insulated 0.250
cavity wall
with floor X
and ceiling
insulated

more thermally efficient than having the heat pour out of the house
like water from a leaky bucket through holes in the envelopes and
across metal ventilation ducts that act as very effective cold
bridges across the external wall. Air leakage from buildings is even
more of a problem in areas where there is driving wind and rain
and special care should be taken in these areas to seal the build-
ing tightly and to use buffer spaces, such as porches and
sunspaces, for the external doors of the house. Chapter 5 outlines

3.10.

The TDR for various insulated
and un-insulated constructions
consisting of a brick wall
penetrated by a concrete floor
slab. The cavity wall is built of:
105 mm brick—=50 mm
cavity—105 mm brick. The solid
wall is 260 mm brick, the floor
is 150 mm dense cast concrete
and the insulation is 25 mm
drylining or external (Oreszczyn,
1992).



Description TDRy, TDR
No fin Pius fin
EE e Uninsulated 0.240 0.235
E‘E;—'-Z‘ cavity wall
—— Insulated 0.210 0.205
Bl cavity wall
e ik Dbty
__é:_‘ | Solid wall 0.265 0.260
___________ i el ity
__H
- __ Drylined 0.325 0.320
-~ .

E solid wall
_________________________________ b mmmmm—mmm e me oo —
:E{ ~ External 0.175 0.170

73 cladding
Ei’ solid wall
r_ ________________________________________________________
:E {insulation 0.115
| over edge
of floor)

how moisture problems can be avoided by proper ventilation,
house form and the use of correct materials in the house.

GETTING LIGHT INTO THE HOUSE SAFELY

A window is an important element in the building envelope. As
with insulation, the greater the difference in temperature between
the outside and the inside of a house, the better the windows will
have to be. Look carefully to see the relative performance of the
windows that are used in the different case study buildings around
the world. For details of different windows there are a number of
excellent sites on the Internet, listed under ‘window performance’.
The key things with window design are:

e To ensure windows are similar in thermal performance to the
adjacent walls so they do not become too attractive to conden-

sation.

¢ In temperate or colder climates, the side of the building facing
the sun should have more windows and the polar orientation
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3.11.

The TDR for a concrete floor
slab both with and without fins
or balconies. The cavity wall is
105 mm brick=50 mm
cavity—-105 mm brick, the solid
wall is 260 mm brick, the floor
is 150 mm dense cast concrete
and the insulation is 25 mm
drylining or external.
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very few to prevent excessive heat loss from the cold side of
the building.

e To design the window for a specific purpose. Look at Dick
Levine's case study house in Kentucky where he has separate
windows for solar gain, light, wind and view.

e To illuminate the centre of the house as well as its peripheral
rooms. This can be done with internal windows, skylights, light
tubes through the roof and other clever ideas. One idea that was
very popular in the 1930s was to use glass ceilings in the upper
floor that took the light from the sunny side of the building to
the ceilings on the dark side of the house, often above stair
wells.

e To not make unshaded windows too large. It is important to
prevent overheating in a house. With global warming the sun
will get stronger and rooms that are exposed to the direct sun
in summer will have a problem. Shade all windows in summer.
Only in the colder climates should the sun be allowed to
penetrate into the house in summer. It is very important to
design for solar control through windows but also in their exter-
nal surroundings. Take into account highly reflective pavements
outside the window that will bounce light back into a room, as
will glass walls next to or opposite the window.

e A window can have many layers. A sunspace, with its second
layer of glass, will keep the cold away from the internal
windows. Light can result in heat and, in very hot climates, dark
interiors will keep rooms cooler. Shutters can be used exter-
nally to control solar gain in hot climates at different times of
the day and year. Shutters can be used internally in cool and
temperate climates to keep excessive sunlight out but some
warmth in. Shutters can be wind-permeable but keep the sun
out. Once the light has passed through the glass the heat it
contains is trapped inside the room and will not escape back
out through the glass. Heavy curtains can be used to keep light
out in summer (but not heat for the same reason) and warmth
inside in winter.

e Consider the problem of glare in rooms. In particular high glare
levels will make it difficult to read computer screens and view
the TV. Glare is also an indication of very high day lighting levels
that may indicate that rooms will also overheat in summer.

e Capture the view. Careful consideration should enable the
designer to make maximum advantage of the views on offer
from the site. If there are particular features of interest ensure
that they are captured in the centre of the window frame rather
than the foreground in front of them or the sky above them
(Lynes, 1992).



e Make sure that the windows are placed in rooms to enable you
to use the furniture you want in the house. If you have low
chests of drawers to be placed against the outer wall make sure
the window sill is above them.

e |f you want to get light deep into a room use high windows.

e Think about the psychological effect of a window or door in a
room. What will a window do for the degree of privacy you
require? Do you want everyone in the street to be able to see
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3.12.

Krister Wiberg sitting at his
kitchen table in Sweden. Light is
a powerful design issue and
very important in creating the
‘spirit” of a place.
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you in a particular room? Will a large patio door window turn a
room into a corridor?

e Think about light as a sculptural medium that changes every
daylight hour of the year. You can create dynamic sculptures in
shade and light to great effect on floors and forms within the
house. Grade light through the house with darker and lighter
areas to create visual interest.

All the techniques above provide ways in which we can under-
stand, and design for, the invisible workings of a building. There
are, however, also issues that cannot be calculated, that are very
important in creating that other invisible factor: the spirit of a place,
and these are dealt with, by Christopher Day, in the following
chapter.



4 BUILDING-IN SOUL

Christopher Day

Building is expensive — though not half, perhaps not one-fifth, so
expensive as having something built for you. It also takes a lot of
energy. But most importantly, you invest your soul in what you
build, which is why self-built homes are so soul-rich to live in.

It is just this — the soul in buildings — that makes all the effort
worthwhile, much more than just a cut-price roof. And self-built
homes have infinitely more soul-potential than contractor-built
houses. If we cannot build a house ourselves, how can we
build-in soul through design and, once constructed, how do
we introduce ‘soul’ into the way we live in buildings? But to have
a self-built house or to be built-for, does this issue conflict with
ecological concerns?

Buildings are substantive — what they are made of is very much
part of their character. Wood, earth, brick, concrete, steel, glass or
plastic buildings are totally different from each other to see, to live
in, to build and in the forms their construction logically and charac-
terfully demands. Their influence on microclimate, air quality, physi-
cal health and psychological state is also very different. So, very
important in terms of their pollution and environmental costs, are
their manufacturing biographies and how they end their life — do
they return to nature or become refuse?

Buildings are primarily made of bulk materials. Though some,
such as concrete foundations, are invisible, most are in daily
view. Secondary materials range from drainage pipes and
windows to small bits and pieces such as draught seals, light
fittings and so on. While environmental cost is something to
consider in every material choice, there is a need to be pragmatic;
it is obvious that there is a lot more PVC in floor tiles or wallpa-
per than in electric cabling so the relative impacts of choosing
tiles/wallpaper and the electric cabling will be very different.
Fortunately, alternatives to both exist, though they are not always
easy to obtain.
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A building’s furnishings also need serious thought as they are
replaced many times in the life of the building. They tend to be
newer, and also are often in warm places. So, as well as seeing
and touching them, we breathe them: as materials get warmer
they tend to give off more of their chemicals.

How do building (and furnishing, maintenance and cleaning)
materials affect us, and the wider world? Every material has some
environmental cost; some have compensating environmental
benefits, as has been shown in Chapter 2. These can be measured
in terms of embodied energy or, more meaningfully, embodied
CO,. This, however, is an imprecise science and values are seldom
transferable from country to country. Timber in Britain comes
mostly from the pacific side of Canada; in Central Europe from
managed forests only a few kilometres away. Whatever its source,
and however cruelly the forests are raped, building timber locks up
carbon as do other carbon-rich materials such as straw and cellu-
lose fibre, so diminishing the CO, emissions from the building.

Contrast this with steel, the cost of which is equivalent to that
of 300 times its weight of water and five times its weight of coal
— multiplied again by some nine times as much soil excavated as
both coal and iron ore. But this is nothing compared with plastic,
made at the price of 5000 times its weight in raw materials.

In terms of how we relate to these materials, wood is approach-
able, easy to work with, absorbs airborne toxins and moderates
temperature and humidity. It is sensitive to environment and needs
to be maintained and protected from sustained moisture by careful
design. Aging adds character. It is easily repairable. It can be
recycled or allowed to compost back to earth. Steel is hard, can
be worked with hand-scale, semi-industrial tools (such as welding
apparatus) and is neutral in health terms. It needs protection from
water, but is unaffected by light, insects or aging. It can, with
suitable tools, be repaired and recycled. Abandoned, it will rust
back into ore — though this does not apply to its (usually toxic)
paints and platings. Plastic is generally unappealing to touch and
emits toxins. It is unaffected by the environment (except abrasion,
UV light and organic solvents) and appears ageless except for
scratching, cracking and crazing, which compromise both appear-
ance and performance. It is effectively unrepairable. Little is
recycled, some types cannot be, and most types effectively are
never broken down — beyond breaking up and slow toxin release.

Not coincidentally, wood is a material from life. Iron is from the
earth, but by way of intense heat and heavy industrial rolling.
Plastic is from oil and coal deep beneath its surface, after so
numerous chemical synthesis operations that it is totally removed
from life. These materials connect us to the world from whence



they came: living and life-cycle bound by nature, or lifeless, dead
industrial processes. Whereas plastic needs industrial equipment
suited to mass production to form, wood needs only a pocket
knife. It is more appealing, accessible and healthy to work with.
Indeed, you can put your heart into what you make out of it.

We use thousands of materials in modern building, but a general
rule is that the nearer something is to life, the more compatible it
is: the healthier to live with, the more recyclable back to earth,
thence living matter again. It also needs more care for longevity —
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The interior of Christopher Day's
house in Crymbch, Wales, with
its locally made windows and
hand plastered walls
(Christopher Day).
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but this care, like the care given to its making, is imprinted into its
substance and emanates from it, to nourish those who live next
to it. Mass-produced products can never do this; the imprint of care
given by an individual maker is, by definition, absent. So the materi-
als of which a building is built, and the extent to which they are
imprinted by care and love through hand-work, imprints spirit — or
the lack of it — into buildings, even before occupation. This care is
something self-builders can easily afford, while those sufficiently
well off to get others to build for them rarely can.

One technique | use often is hand-finished rendering. Lime-rich
mortar (9:2:1) applied unevenly to walls, preferably with a round-
nosed tool so it is a little mounded, but then smoothed by (gloved)
hand as soon as it is firm, removing all tool marks and contrived
form. This forms a gentle, undulating and sand-textured surface.
But more: it has been shaped by the hand. On one hand-plaster-
ing course | taught, a massage therapist told me, ‘There is no part
of the human body that a part of the hand is not shaped to fit". So
this technique imprints our hands into our physical surroundings.
And it is impossible to work for long engaging the hands (not just
repetitively using them) without the heart becoming involved.
Thus, in a hand-plastered room you are surrounded by hand-
imprinted heart forces. This works on us in the same way as food
prepared with love — as distinct from mass-produced, routinely,
institutionally cooked meals.

Another technique | enjoy is repair — inserting a patch of new
wood into old. Working with second-hand materials you have to do
this quite often. Of course, we use our hands to some extent for
everything we make, but the fewer devices between hand and
work, the more direct the link between hand and heart.

However, buildings are only part of places. Even 'home’ is only
part house. It is also entry, gateway and garden — and is enmeshed
in street and neighbourhood. Every place has a unique spirit. Part
of that spirit comes from how the place is used — the actions,
thoughts and values of those who inhabit it. And part comes from
how it was formed - the geology, weathering, forces of living
nature, the elements and human interaction. Part also comes from
how we meet it, the concept of place we then form and how this
then influences our thoughts and actions.

How do we meet places? What do they say to us? And how can
we transform the negative — all too common in our decrepit cities
and their compromised fringes — into the positive, spirit-uplifting?

First impressions tend to influence what we subsequently see,
feel and think. The welcome or fortified defensiveness of an entry
door colours our expectations — and meaningfully so, for we gain
an intuition of the essence of a place. And this impression is



repeated every time we re-arrive there. Whether or not we are
commencing a new building or altering an old one, there is some
kind of place already there. We are converting a place. What is
already there limits what we can do, so how can we ensure the
first impressions reflect the spirit we wish to establish there?
There is a technique for this that works with the connections
with spirit and matter. To overcome the tendency of individuals to
be led by their own ideas, it is a listening technique, so it is easier
to do this as a group. We identify and work along the arrival route,
from the point that you first meet a building. The first walk is for
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The inside of the sunspace of
David’s house in Wales (Andrew
Yeats).
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first impressions if you don’t know the place, consciousness of the
journey as an entity in its own right if you do. We walk in silence,
without judgement, meeting at the final destination, say the
kitchen, to reconstruct the journey. This we do at the end of each
walk. We then repeat this walk, recording only what is physically
there — no feelings, judgements, causes or suggestions. Next, we
re-walk the route, focusing only on sequential space: how the
space and light expands, contracts, breathes and turns, the
gestures of forms and flow of our movements. Our next walk
focuses on the moods and the feelings they induce along the
journey. Now we can ask how the place would describe itself.
What is its essential message? As this message, this spirit of
place, is central to why we build, how we wish to live in a place
and the nourishment we hope it will feed us will colour our individ-
ual ideas of what this message should be. With existing buildings,
used for new purposes, there can be harsh discrepancy between
the spirit that is and what it should be. A school building, for
instance, may well speak of controlling little vandals, not loving and
inspiring children on their journey to independent adulthood.

But when we know what a place should say, we can re-walk our
route asking: what moods would support this? And then, on our
next walk: what journey sequences, qualities of flow, would
support these moods? And finally, re-walking to ask: what physi-
cal changes would support these qualities of flow?

Invariably these changes are small: pruning trees to form an
archway, re-aligning an entry path, pivoting past a bush, easing an
abrupt corner with furniture or a plant, flowing ceilings into each
other, unifying colour and such like. Small, affordable, material
changes that have major impact on what a place says and how it
reflects and reinforces the spirit we wish to grow within it.

But what if there is as yet no building? Where should it go? What
place should it help make? How can it contribute to, rather than
compromise, what is already there?

We use a similar process, starting with silent first impressions
and then the physical here and now. But then, instead of looking
at time experiences through space (its flow), concentrate on space
through time (its biography). How was this place formed in geolog-
ical process? How was it before the agricultural, then industrial,
revolutions, last century, last generation, a decade, a year ago? And
continuing into the future, what will it be like next season, year,
decade and century? We can thus enter into the flow of time
through a place and ask what changes are set in motion when we
intervene, postulating various actions and imagining their chain of
consequences unfold. We then return to moods and spirit-of-place
as before.



We now ask what spirit stands at the heart of what we are about
to establish. What activities will this manifest in — and where, in
the light of what we know about the place, should these be
located? These ‘zones of activity’ we peg and string on the ground,
then record on a site plan. We need now to identify the moods
appropriate to each area, and to modify the layout for both this and
for appropriate relationships between places, paths, gateways and
views. We can next lay paper rectangles representing room areas
onto this drawing, confirming its layout more meaningfully. The
next step is to replace paper shapes with clay rectanguloid
volumes — which rapidly become moulded into more living forms.
All this is group work, just one family and myself, or 20 or 30
people. It can be a very strong experience as shared imagination
of the future becomes almost substantial amongst the group.

For a single house this is simple (except that small, simple things
tend to end up as being the most complicated!) but this process
especially suits something larger or a group of buildings. Few larger
projects, however, are built all at once. Nor should they be.
Disruption to the spirit-of-place is excessive and the greater this is,
the more are buildings imposed, not grown. And anyway, cash
flow is rarely as predictable as we hope at the outset, so often
only half a project gets built. We need to unravel the design to find
a sequence so that every phase of building seems perfect — but
the next stage makes it even better!

Space need doesn’t only grow. In houses, for instance, it also
contracts as children grow up and leave home. This doesn’t just
leave parents with mortgages still to pay, but also with big, lonely
empty nests to rattle around in. From working with a Swedish eco-
village group, | learnt to design homes that can expand — for
instance, into garages, workshops and stores — and contract by
division into house and disabled-accessible flat.

Growth is a key to how to blend the new (such as buildings) into
the old — be it rural landscape or urban street. Anything that doesn't
grow has a different spirit to its surroundings. If they don't talk to
each other, can we expect social or ecological harmony, not to
mention soul harmony?

With or without human intervention, no place is static. It is chang-
ing in response to the living and elemental forces of nature. Socially
and economically, it waxes and wanes under these interacting
forces; and grows or withers from nodes of growth activity or blight.
New buildings feel right in place if they grow in accord with these
forces. We can learn from the place study method just described
how places want to grow — how they would do so without our inter-
vention. Also what qualities of a place need enhancement and what
need balance — so how this growth is asking to be steered.
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We also learn about the arrival journey — of central importance
to every building, whether home, hospital or work place. 'Home'
has an active meaning: ‘arriving home’ — and a passive one: the
state of ‘being at home'. Haven and oasis roles. Different parts of
the journey: front gate, entry hall, social rooms, bedrooms need
different moods, need to meet us with different gestures — which
we can gesture with our bodies — and link into different patterns
of relationship: front door with street community and socially
outward-looking, back garden to neighbour community, yet protec-
tively private and linked into local wildlife habitat.

All these parts of the whole have time- and season-related
needs. Bedrooms to wake up in, bathed with optimism for the day
ahead. Evening rooms to unwind in. Winter hearth and summer
breeze-freshened openness. Sunlight when children return from
school or adults from work, not to mention orientations for view,
skyscapes, sunsets and qualities of weather.

Rooms within the house range from family to individual realms,
each different. Once we start to think of small children’s needs as
distinct from just practical space planning, new things come up:
‘secret’ spaces under stairs, in lofts or all the ‘lost” spaces archi-
tects prefer to hide. With moods of privacy, enchantment, mystery,
but also warm security. Then, teenagers need their own ‘realms’
that they themselves can, to some extent, form. An older person’s
needs for stability and an anchoring lifespan of memorabilia — along
with warmth and sun and the life invigoration of nature’s moods,
which they can less and less actively partake in. One thing these
rooms are not is just rectanguloid volumes — appropriate soul mood
is the primary reason they are there.

But no building or garden is just an interior. It links into a wider
community, economy and ecology. It links into the infrastructural
system of a place. Yet drains and pipes and wires aren't place-
related but transporters to and from invisibly distant sources and
destinations. Composting, on-site grey-water treatment and
autonomous energy link us to ecology, water flow patterns and
microclimates. As these have aesthetic implications from water
gardens to shelter planting and conservatories, they are also soul
links to the forces of nature, interactions unique to every place.

Linkage to place also demands meaning in why we live
somewhere and what we do. But our lifestyle and activities relate
to where we are — unlike picturesquely preserved holiday cottages,
appropriate only in visual appearance but otherwise alien, unrelated
and dissociated from place-responsibility.

It also requires local materials. At first sight, many materials —
such as stone and brick — don't seem sufficiently energy-efficient
— but they can be made more so. Almost certainly, however, local



traditional materials are durable in local climatic conditions and have
a local skill-base familiar with local, climatically appropriate
construction detailing.

The more local and unprocessed materials are, the less the
transport and manufacturing energy and pollution, the more health-
benign, the better for local employment. Also, the more localized
within the community does the money cycle. Local traditional
materials also connect us with the cultural continuum of the past
and enable us to connect it to a future inspired by different ideals.
New technologies and forms can blend harmoniously with the old
if given substance in traditional materials and bound by the
constructional limitations inherent in them. Giving value to that
which has formed the character of a place is also to value its
culture, the keystone of community and individual self-esteem. So
local materials have energy, minimum pollution, social, economic,
cultural, self-esteem and spiritual benefits — and shape, of course,
the character of a place — its identity.

Materials connect us to a place. Traditionally taken from the
ground, its vegetation and even animals, they are raised into
human habitation — connecting those who live there with our roots
in place. This is still so, even when we use these materials in less
traditional forms: straw as building blocks, timber as round poles
tensioned into unfamiliar curves, earth as free-formed cob.

However soul warm are vernacular forms, we should not gloss
over the restrictive, narrow conventionality that comes with unnat-
urally prolonged past ways of life. Turning our back on them,
however, merely dissociates us from where we have come from
and in so doing blinds us to all we can learn and obscures where
we are going to.

The traditional way was to raise the physical materials of a place
to be a home for the human spirit. Largely unconsciously, totemic
and elemental echoes remained in stone, earth, tree, straw and
hide. Matter, in vernacular times, could not be divorced from spirit.
Nor can it be today — however widespread its apparent negation.
In every aspect of buildings matter and spirit are cyclically linked.

The materials of which a place — land, town, building, room - is
made have effects in multiple directions unified, however, by the
‘essence’ at their heart. They used to, and still can, link us with
locality at several levels, give substance to a spirit-of-place growing
out of that locality. We can develop these places in accord with
the life-generating energies latent within it. And colour its moods
to be appropriate to our soul needs, increasingly individualized and
different from a generation ago. We can imprint human energy and
care — a gift of spirit — into the material substance of buildings. So
inspiriting matter and building-in soul.

Building-in soul

93



94 Ecohouse: A Design Guide

4.3.
The hall of Christopher Day’s house in Crymbch, Wales (Christopher Day).



5 VENTILATION

Ventilation is the movement of air within a building and between
the building and the outdoors. The control of ventilation is one of
the most subtle and yet the most important concerns of the build-
ing designer. How to make air move about the building in a way
that satisfies, and even delights, the occupant.

There is, of course, a simple solution — to use a fan — but this
can be a noisy and expensive business and is not the preferred
first option for an ecohouse in which mechanical systems should
only be used as a last resort.

So how does air move without a fan? Actually, air moves very
easily and always down a pressure gradient. Positive pressure
exists on the windward side of a building where the air is pushed
with some force against the building. Negative pressure occurs on
the leeward side of a building, in the wind shadow, and sucks air
from the structure.

The trick is to create that pressure gradient. This can be done
in two ways:

1 using pressure differences around the outside of the building
caused by wind;

2 using pressure differences caused by the pressure variations
within the house. Warm air is less dense than cold air, there-
fore pressure variations that cause warm bodies of air to rise
also cause cold bodies of air to fall. This is called the ‘stack’
effect and can be used to ventilate a space. It can also be in
conflict with wind-driven cross-ventilation.

Using wind pressure to ventilate is common, particularly if the
house is in a windy part of the world. There are many challenges
in designing properly for ventilation including the variability of the
wind, its speed and direction, but if carefully handled and under-
stood it can be of real benefit to the indoor climate of a house, for
most of the time.



96 Ecohouse: A Design Guide

&

<

N
0]
©
®
® &
Wind and ventilation are not the same thing. Wind is very
variable and can present itself in many different guises.

A wailing rushing sound, which shook the walls as though a
giant’s hand were on them; then a hoarse roar, as if the sea had
risen; then such a whirl and tumult that the air seemed mad;
and then with a lengthened howl, the waves of wind wept on.
Dickens.

How different was Dickens’ description of the wind from that of
Longfellow:

The gentle wind, a sweet and passionate wooer, kisses the
blushing leaf.

The wind can be an agent of terror or delight, it can soothe or
destroy and it is one of the most important of the invisible build-
ing blocks of architecture. This chapter begins by considering the
wind, and its usability for a building for a particular site and form.
The reasons why and how to use air in buildings for maximum
effect are then outlined. Finally, a section is included on how to
protect a house from strong winds, such as result from hurricanes
and cyclones. A major impact of global warming over the last
decade of the twentieth century has been the increase in wind
speeds and damage experienced in many countries of the world
(Headley, 2000). We cannot predict how badly climate change will
affect any of us, but we have taken this opportunity to include
design for extreme wind environments, just in case. This section
is complemented by two case study buildings, one on a strong
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5.1.

Positive (+) and negative (-)
wind pressures around different
building configurations.



wind site in Findhorn, Scotland and the second in cyclone-prone St
Maarten in the Caribbean.

To ventilate a house well you first have to develop a relationship
with wind. To do this you need to understand the regional and local
climate of the site, the form and surroundings of the site and build-
ing. Key, also, are the building's occupants and their comfort
requirements.

STEP 1 - CHOOSE YOUR WIND CAREFULLY - AND
NAME IT

Every region or location in the world has its own winds. In the old
days, builders knew the name of every wind, its personality and
its potential for benefit or harm. In fact, a single wind would prob-
ably have two or three names. One name may denote the direc-
tion from which the wind comes, the part of the day in which it
arrives or the name of the town, region or country from whence
it hails. Another may refer to the quality of the wind, such as cold,
hot or wet. If it is a very important wind regionally, it may have its
own grand name like Mistral or Sirocco, words that in many
countries conjure images of the unique aeolian character of that
particular wind. For instance in the Naples region of Italy wind
names include:

Tramontana
(three mountains)
N
Maestrale Grecale (Greek)
NW NE
Ponente (West) Levante (Levantine)
W E
Libeccio (sweet) Scirocco
SW SE
Mezzogiorno
(midday)
S

Local geographical conditions will have a large influence on local
winds. In Naples the cool Tramontana wind sinks down from the
hills to the north and east of the city, flushing the heat out of the
long streets running down to the sea. As the land and city warm
up on summer afternoons they draw the cool sea breeze up the
same streets to replace the warm air in them as it rises.

Ventilation
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5.2.
Windcatchers on the skyline of Yazd, staggered to catch the prevailing winds
(Roaf).

For every site and area designers should get a clear idea what
winds exist, which they would like to use in order to heat or cool
their buildings and which they wish to exclude as too hot or cold.
This can be done by looking at a wind-rose that shows how much
wind comes from different directions every month or vyear.
However, it will not tell you the properties of that wind; this can
be worked out by looking at the geography of a region. An easier
way is to ask a local builder about the winds around the site.

Traditional settlement patterns can reveal a great deal about the
wind. The ways in which buildings are arranged in a settlement
will indicate if the wind is welcome inside or not. A staggered
arrangement means that buildings are spread out to ensure each
house can capture some of the wind, as are the great wind catch-
ers of Yazd in the Central desert of Iran, shown in Figure 5.2.
Linear patterns indicate that one building is used to shelter the next
from unwelcome winds and will show from which direction the
unwanted winds come.




WINDSCAPING BUILDINGS

There are many ways to sculpt a building into the landscape and
the wind.

¢ Nestle the building into the landscape. This simple device of
hiding a building behind a feature of the landscape is very effec-
tive. However, bear in mind that if the wind is needed to cool
the building, siting it behind a spur in the landscape may cut it
off from the breezes. In some cases people take bulldozers to
the landscape to ensure that the winds from the refreshing
directions are channelled around their houses and the hot winds
are excluded by features in the landscape.

e Split the winds. A single flagpole 20 m from a building in the
direction of a strong prevailing wind can split the wind vertically
before it arrives at the building and considerably lessen its
impact on the structure. In the St Maarten house an open porch
has recently been placed in front of the house with vertical
columns supporting it to split the winds before they reach the
building. In the Findhorn house the architect, Johann Vorster,
has nestled the house into the existing settlement, used trees
to protect it, and has also angled the window corner into the
strong prevailing wind from across Findhorn Bay to split it and
reduce its impact on the building structure. Wind can be split

= —
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The influence of roof shape on
the air pressure around the
house (Kindangen et al., 1997).
The higher the roof the greater
the positive pressure on its
windward side and the greater
the negative pressure on its
leeward side.



100 Ecohouse: A Design Guide

vertically to reduce wind speeds and turbulence on the face of
the building; in the wind towers of the Iranian Desert the wind
is very neatly sliced horizontally to throw some wind over the
top of a tower while forcing some air down the wind catcher
shaft. Beneath the vent the wind is again split cleanly to force
wind below the shaft down the face of the tower.

Shape the roof carefully. Figure 5.3 shows how much difference
there is between different roof shapes in the negative pressure
they generate. It is this negative pressure that typically rips roofs
off buildings (Kindangen et al., 1997).

Mould the wind impact of wind pressure on facades with
features such as balconies. The use of features on building
facades will cause an increase or decrease in pressure at differ-
ent heights on the building facade as shown in Figure 5.3. Note
the lack of pressure variation on the leeward side of the build-
ing (Chand et al., 1998).

Use planting as wind breaks.
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Pressure difference on the windward facade of a building with balconies (Chand et al., 1998).



WHY VENTILATE A BUILDING?

For each room of a house you should ask: why is ventilation
needed in this space? Three possible reasons are:

e for fresh air supply;

e for direct comfort ventilation to cool or heat the occupants of
the space by convection;

e for indirect comfort ventilation, for heating and cooling the actual
structure of a building to indirectly enhance the comfort of the
room’s occupants and to use ‘free energy’ more efficiently. In
this way, day-time solar warmth can be stored in the structure
and used at night, or coolth from night air can be stored to cool
the people indoors during the day.

FRESH AIR

The need for fresh air ranges from the nominal amounts needed
for breathing (2 1s™) to the much higher ventilation rates neces-
sary to control odours (up to 16-321s™ is a commonly quoted
figure for fresh air needed to mitigate the effects of smoking
smells). In houses, care can be taken to provide zones for smokers
where the smell of a cigarette can be dealt with by opening a
window. This may be more easily said than done. Studies have
shown that homes with smokers use significantly more energy to
heat or cool because the windows are continually opened to get
rid of the smell. This should be taken into account and the problem
designed out by sensible zoning of spaces.

How the room is furnished will affect lingering odours, with
smells collecting more easily in the soft fabrics of curtains and
carpets. Different activities in the house may be associated with
different smell levels, so finishes can be chosen appropriately. The
need for fresh air can be influenced very much by the chosen room
finishes. It should be noted that building regulations are typically
not designed to mitigate against the impact of smells or the trans-
mission of diseases. It is not possible to regulate against air-borne
diseases, although many indoor air quality regulations have evolved
to deal with condensation risks in buildings that do have indirect
health implications.

Fresh air is also needed to prevent the build up of moisture in
a room. This is obvious for kitchens, bathrooms and utility rooms
but there can be a real build up of moisture in bedrooms as well.
There are six ways to design out moisture as a problem in housing.

1 Provide wet zones in the house outside the main envelope of
living rooms. Build a front porch/lobby/air lock in which the

Ventilation
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temperature of the outside air can be modified to be warmer or
cooler before it enters the house. All wet clothing, coats and
shoes can be left there, so keeping a great deal of moisture
outside the house on wet days.

2 Build an outdoor drying space where clothes and bath towels
can be left outside the main body of the house in winter. Wet
clothes are a main source of excessive moisture in winter.

3 Build a high-level vent window above the kitchen stove that can
be easily opened to immediately remove the hot, wet air gener-
ated by cooking. A good, non-cold-bridging, window is much
better than a mechanical vent above the stove as metal vents
across a wall act as one large cold bridge and will cause conden-
sation to collect in the wall at one of the wettest points in the
house.

4 Bathrooms should either have a window that can be opened

after a bath or shower or a very good passive stack outlet that

will carry the moist air out of the room, which may, or may not,
have a small fan to assist its draw.

Design out cold bridges from the walls of the house.

6 The wall-surface finishes of rooms should be chosen to be
capable of absorbing some moisture. Where possible use an
organic water-based paint on walls. These can range from the
traditional white-washed walls and natural wood products to the
use of modern, sophisticated, water-based paint products. The
room finishes can play a significant part in controlling moisture
build up in the room as well as smell.

o1

A common-sense approach is needed to estimate the best venti-
lation strategy for a particular building. For example, a high-volume
low-occupancy house with all the above features and wet-plastered
high-mass walls or exposed timber walls with a natural finish could,
on some days, get all the fresh air necessary from people inter-
mittently opening doors. However, a low-mass, small-volume, high-
occupancy room with hard finishes may need significantly more.
For a well-designed house, even with low mass, hard finishes and
normal occupancy but where the moisture problem has been
removed from the interior of the house to a wet zone, most
problems of air-quality will disappear when the air-change (ac) rate
is 0.2 ac h™. That means that one-fifth of the air of a room is
changed every hour. Humidity control can be achieved with a rate
of 0.3 ac h™ or more (Marshall and Argue, 1981). Actually, this level
of air change can be achieved almost with door-opening air intake
only. In many houses the air leakage rate through the structure will
be of this order. Robert and Brenda Vale recommend an air change
rate of around 0.45 ac h™ as acceptable but, again, there is little



reason not to design to the lower levels (Vale and Vale, 2000).
Attention should be paid to houses where radon or carbon monox-
ide problems from open fires may exist, see Chapter 6.

DIRECT COMFORT VENTILATION

The comfort and thermal delight of the occupant is what makes a
great house (Hershong, 1997). Issues of comfort should certainly
dictate how to ventilate a building. If you think about times when
you have been blissfully comfortable in a house, the feeling is
probably either associated in winter with being near a warm radiant
heat source, perhaps a fire, or in summer being in a cooling breeze.
Sue Roaf remembers a summer’s evening in Baghdad, coming out
onto the freshly watered veranda at around 7 p.m., with an iced
drink, wearing a cool cotton dress, sitting chatting in the early
evening breeze and thinking that ‘this is bliss’. Only on looking at
the thermometer was it seen to be 42°C! It had been almost 50°C
all that day.

People acclimatize to ambient temperatures. How warm or cold
they feel depends on what the temperature has been over the last
three or four days. It can take two to three weeks to adapt to a
whole new climate.
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The cool, shaded, naturally
ventilated living room of Jimmy
Lim’s house in Malaysia, giving
thermal delight (Jimmy Lim).



104 Ecohouse: A Design Guide

If it is too hot or cold people do something about it. They may
put on or take off clothes, they may change places within a room
or move from one room to another. They may open a window,
close a door or take a cold or hot drink. In extremes they may
change buildings or even move to a different region with a more
pleasing climate. They adapt their circumstances. It is only at the
very extremes that people die of heat or cold. One of the key
strategies they adopt in adapting the building to improve the indoor
climate is to open a window to let in warm or cool air, another is
to go to sleep.
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Environment and attitude of a person on a hot day (Sab Ventris).

Passive building design is driven by the relationship between the
outside and the inside air temperatures. Michael Humphreys
demonstrated this over 20 years ago with his classic diagram
(Figure 5.7) showing that people who live in hotter climates are
comfortable at higher temperatures. In this book we adopt his
simple, but effective, equation to show, very roughly, at what
temperatures locally adapted people are comfortable:

TC = 0.534 (T,.,) + 11.9

Where Toean = (Thax + Tmind / 2 and is monthly mean outdoor
temperature; TC is comfort temperature; T, IS monthly mean
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daily outdoor minimum temperature. T,,, and T, are usually avail-
able from Meteorological Office data.

This equation, strictly speaking, applies to summer conditions in
free-running buildings (not air-conditioned ones) but gives a general
idea of the comfort conditions required indoors by locally adapted
populations.

Where the comfort temperature lies somewhere between T,
and T.,, in a well-designed passive building with good levels of
thermal mass and no excessive solar gain it should be possible to
open windows for comfort cooling where T, is 35°C or below.
Comfort warming from the window breeze should be achievable
in a good passive building when T, is over 22°C and T,,, is over
15°C.

In temperate or hotter regions, a well-designed passive building
should keep out direct solar gain (or too much indirect gain re-
reflected from pavements and adjacent buildings) in summer. If it
is necessary to reduce summer peak temperatures, or shift them
to later in the day, then more thermal mass is necessary.

As the air temperature increases more air movement is neces-
sary, as can be seen from Figure 5.8. This shows the effect of air

People who live in hotter
climates are comfortable at

higher temperatures (Michael

Humphreys).
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100 5.8.
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movement on the probability of being comfortable. With air
movement almost 100 per cent of people will be comfortable at
30°C and around 80 per cent at 35°C (this is only true for people
who have adapted to the local climate. You could not really take
Inuits to the Sahara and expect them to be happy at such high
temperatures).

Convective cooling only works when the air temperature is below
skin temperature and an average mean maximum skin temperature
is around 35°C. In fact, at temperatures above 32°C the body begins
to lose more heat by evaporative cooling, where the moisture on
the skin is removed by the air passing over it. As this moisture
evaporates off, it cools the skin because the process of turning the
moisture into a gas requires heat and draws it from the surround-
ing air and skin. This is why the most difficult climates to be cool
in are very hot humid ones where there is already so much moisture
in the air that the only way to remove more from the skin is to pass
ever more air over it. More air and higher air speeds are necessary
for comfort in hot humid climates, as can be seen in Figure 5.9.

Inhabitants of the Florida Keys who insist on living in naturally
ventilated houses find it difficult to understand the fuss, made by
their air-conditioning-accustomed friends when they come to
dinner, over how hot it is. It is simply that both groups have accli-
matized to different temperatures. If the air-conditioning-accus-
tomed group wanted to wean themselves off the 70°F all-night
habit they would have to slowly raise the temperatures until the
indoor and outdoor air temperatures were the same. In so doing,
for much of the year they could kick an expensive habit. In extreme
spells of heat, of course, the air-conditioners could go back on but,
because the inhabitants had adapted to the ambient outdoor
temperatures, the units could be run at much higher temperatures
and still give comfortable conditions, so saving lots of money.
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study some time ago by Terry Williamson and Sue Coldicutt,

at Adelaide University, Department of Architecture, showed that
people in Darwin, Australia, often have air-conditioners in their
houses for use in the hot humid season. However the units were,
because of the high cost of running them, typically only used when
neighbours came to visit as a sign of status.

If

the air coming into the house is too warm to use as a convec-

tive cooling medium for people inside then one solution may be to
passively air-condition the air before it enters the house.

PASSIVE CONDITIONING OF OUTDOOR AIR

1 Wind breaks. These can be used not only to lessen the impact

of strong hot or cold wind but also, if shrubs and trees are
used, the air will pick up moisture from the leaves and so
increase its humidity, so cooling the air.

Dust. Use air that has passed over natural planted groundcover
to reduce dust levels. Ensure that land on the windward side
of the site or settlement is planted or maintained so that the
earth’s crust is not broken because, if it is, this produces erod-
ible dust particles that will be carried on the wind to the house.
Avoid exposed land and replant natural vegetation if possible,
even on unused plots in the centre of towns. Adopt compact
plans for groups of houses in hot dry areas to avoid the forma-
tion of dust. In addition, a small plot size will increase the likeli-
hood of more of the site being landscaped, so reducing dust.
Compact plans also provide more shade (Erell and Tsoar,
1997).

Natural air-conditioning. Use air that has travelled over water
or vegetation, for coolth. If you are lucky enough to find a
site downwind of a body of clean water this will cool it
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The probability of moderate or
profuse skin moisture with
increasing temperature (Fergus
Nicol).
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evaporatively and provide little resistance to the wind, so
ensuring that the house gets a breeze that cannot be elimi-
nated by other buildings. Do not forget that leisure water
users can be noisy. Also, because the surface of water is
flat, wind speeds can be very high over water because of
the lack of surface resistance. Make sure the wind coming
in over the water is not uncomfortable because of its high
speeds. Trees around a house can lower the air temperature
by several degrees.

4 Sound barriers. If the site is noisy build a substantial garden
wall to keep the noise out. Sound is very persistent and will
slip through any holes in a barrier so make sure the barrier is
continuous.

5 Coolth ponds. Sunken gardens are a classic example of a
coolth pond into which the cooler air descends. Garden walls
can act as pond walls. Cool, moist, well-shaded gardens within
such walls around a house (not too large that the intrusive wind
above will stir up the cool air) can lower the air temperatures
by 2-5°C in hot dry climates.

6 Sun traps. If higher air temperatures inside the house are
required, expose the ground surface in a sheltered sun spot
facing towards the south or west, and shelter from the incident
wind. The actual ground temperature can be significantly
increased by doing so and will warm the air above it. Using
deciduous planting over such a space means that in winter one
could have a sun trap and in summer a coolth trap in the same
space.

7 Basement coolers. Use the prevailing wind and the coolth of
a basement to lower the temperature of the air around the
house before it is taken in to ventilate the building. This is
shown in Figure 5.10.

8 Wind catchers or ducts through which air travels before reach-
ing the house can reduce or increase the temperature of the
air entering the building, as air issuing from ducts in the wall
can be cooler or warmer than the incoming air.

9 Use pavements around the house to condition the air. Hard,
light surfaces with a high reflectivity directly adjacent to the
building will not only reflect light indoors but will also heat the
air directly above this hot pavement convectively before it
moves into the house. If the object is to reduce the tempera-
ture then ensure that the ground surfaces adjacent to the
house are shaded and absorptive, or planted. Shading, such as
awnings, verandas or deciduous planting, around the building
can be designed to allow sunshine in in winter and to keep it
out in summer.
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10 Use ‘breeze walls’ around the garden of the building or on roof

11

parapets. Well placed holes can be placed in the walls to allow
the pleasant wind in, while obstructing the view. Walls facing
unpleasant winds should have no holes through them.
Heat-scape the external envelope of the building (Figure 5.11).
People often think that heat only travels into the building via
the windows but it can also enter the building through the
walls by conduction through the wall. Shade walls to keep
them cool in summer if necessary. A wall in the sun will, in
still conditions, heat the air adjacent to it, which then rises and
can be caught and funnelled into the window above the hot
wall. If there is a sun shade above the window, this will trap
the rising warmer air in which the pressure will build and so
force it in through the window. Vent solar shades to remove
this heat if it is unwanted. This may be an excellent thing in
winter where the heat will add to the internal comfort of the
occupants. Windows can be designed to take advantage of this
winter heat if required. A good way of keeping walls cooler is
to place planting against the wall that will dissipate the heat
before it reaches the wall. If deciduous species are used then
the wall can be warming in winter and cooling in summer
(Sandifer, 2000).

AT - UNDERGROUND WATER CHANNEL

5.10.

Cross-section through a
windcatcher showing the
temperatures of the external air,
the ground-floor living room (the
Talar) and the basement air. Air
forced down the tower and
pushed through the basement
cools and humidifies before
flowing out into the courtyard,
which it cools. In turn, when
that courtyard air is drawn back
across the ground-floor living
room it cools its occupants.
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12 Location, location, location. Choose your location in the street
carefully: are you on the sunny side or the shaded side? Are
there trees in the street? What alignment is the street in
relation to the sun and the prevailing winds? How wide is the
street? And so on. All these factors will influence the temper-
ature of air coming in to the house from the street. Extensive
work has been done by Isaac Meir and the team at the
Institute of Desert Architecture Unit at Sede Boker in the
Negev, who are worth contacting for advice on town planning
in hot dry climates.

5.11.

Heat-scaping the outside of a
building. The wall temperature
of a building will be significantly
altered by the use of plants to
shade walls, as at the Oxford
Ecohouse. The deciduous
Wisteria cools and humidifies
the air passing into the high-
level vent, slightly open in the
sun space. Note the washing
drying in the sunspace (Susan
Roaf).



Design strategies for using the breeze have also to fit with the
lifestyle of the house occupants. For instance, in Naples there is a
traditional window shutter for the full-height French windows that
commonly open onto the balconies overlooking the street. These
full-height shutters often open in two halves, top and bottom.
There are a number of possible functions of the combination of
wind access and solar gain that can come into play over the year
but one delightful function is as follows. On hot summer after-
noons the top pair of external shutters are closed during siesta
time, so allowing the sun to fall only on a small patch of the floor
adjacent to the balcony, not deeper inside as it would do if the top
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One section of a glass louvred
window open to direct air over a
seated person in Chetumal,
Mexico (Sue Roaf).
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shutter was open. The afternoon breeze flows in through the open
door and open lower shutter, over the people sleeping on the bed,
and out through the door opposite. If the top shutter was open the
air flow across the room would be above the prone people. This
illustrates the need to design for a particular lifestyle to create
thermal delight. In many countries where people do not take
siestas this particular design strategy would be of no consequence.
In many tropical areas of the world windows are louvered and
different sections of them can be open to optimize the air flow
over a person seated in a particular position in a room (Figure 5.12).

How far into a room the breeze will reach depends on whether
there are openings on one or more sides of the room. The most
effective system is one where there is a good direct cross-current
of air across the room, so preventing the breeze from dissipating.
In hot climates single-sided ventilation is not sufficient and more
can be effected either by windows in opposite or adjacent walls,
by a roof window or skylight, which may also act as a wind catcher
(Figure 5.13). In the lower latitudes, such a roof window should be
roofed as in a dormer. This would work in the same way as a wind
catcher by letting in the air but keeping out the hot sun from the
rooms below.

CEILING FANS

In hot areas the ceiling fan is commonly used. A ceiling fan simply
moves the air in a room around, so increasing the wind speed over
the skin and increasing heat loss from the skin either by convec-
tion or conduction. If the walls of the room have some thermal
mass and can store heat, then the fan may move the warmer air
from the middle of the room and mix it with night-time-cooled air
from near the walls. This causes the daytime air temperature to
drop by a degree or two. The ceiling fan may also increase the rate
of air movement across a room and draw in air from a cooler
source so lowering the air temperature a little. It is important in
rooms with ceiling fans to avoid creating a pool of hot air directly
beneath the ceiling that is then blown down by the fan to heat the
room’'s occupants. Vents near the ceiling would remove this hot
air.

PASSIVE CONDITIONING OF INDOOR AIR

Every building has a structural temperature, just as human beings
have a body temperature. In the core of the human body the
temperature typically stays around 37°C, give or take a degree. At
skin level it is a very different picture with very large variations
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caused by a myriad of reasons (sex, weight, health, exercise, cloth-
ing, location and so on). Armpits are very warm and hands and feet
coldest because they are further from the heat pump of the body,
the heart.

Buildings are similar. The core of the building will typically have
temperatures that fluctuate less than those in the spaces around
the edges that are more exposed to the diurnal and seasonal varia-
tions in climate. Every room within a building will have its own
metabolism, or internal structural temperature, with daily and
seasonal rhythms. Ventilation in houses can be used at different
times of the day and year to modify the core temperatures of a
building to enhance the comfort of its occupants. The main ways
in which this is done is by warming the building through passive
solar heating (see Chapter 7) and cooling it using night-time
ventilation.
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NIGHT-TIME COOLING OF BUILDINGS

This is the process by which heat is removed from the structure
of a building by passing cooler night air over the surfaces of the
building, thus lowering the temperatures of the walls, floors and
ceilings of rooms. For a successful night-time ventilation system it
is important that the air inlets and outlets can be left securely open
at night.

A good rule of thumb is that for sufficient thermal storage to be
built into a house, the walls of each room should be at least
100 mm thick (that is 150-200 mm if rooms are back to back) and
made of a high-density building material. Night-time cooling of
internal mass is useful where the mean value of the diurnal exter-
nal temperature range of a building in summer is above the
comfort temperature (see Nicol graphs in case studies).

Compartmentalization of a building impedes the free flow of air
around it and therefore decouples the building from the outside
climate. This is true of buildings with banks of rooms with single-
sided ventilation only. Windows in one wall do not evenly distrib-
ute heat through the building. In banks of rooms that are not
connected, heat builds up unevenly in the room facing the sun and
is excluded from the room facing away from the sun. Alternatively,
if the rooms are joined, for instance by a door, then the heat can
be distributed more evenly across the building, meaning that the
sun-facing room may not overheat while the cold room may avoid
the need for heating. However, one common problem does still
exist and this is the heat pond that builds up beneath the ceilings
of both rooms. The air becomes buoyant as it heats and rises,
collecting under the ceiling as a heat pond. This is not removed by
cross-ventilation as the pressure that keeps it aloft is greater than
the pressure of the wind-driven ventilation. The problem is that as
the air beneath the ceiling gathers heat during the day it also heats
the ceiling above that then becomes warm and begins to radiantly
heat the people in the room below. Cool night air flowing along
the floor of this space may not affect the hot pool of air on the
ceiling. Do note that, in this situation, adding insulation to the
ceiling would only exacerbate the problem here.

This case demonstrates the need to look at the thermal design
of a building and its ventilation holistically. To solve this problem
single-sided ventilation can be replaced with cross-ventilation by
making a door between the two rooms. To remove the hot pool
beneath the ceiling, either the door should nearly reach to the
ceiling or there should be a higher-level window out of which this
heat can flow during the day. In so doing it draws the air from the
night-cooled floor up over the room occupants, so increasing their



comfort. An alternative, not so good, solution is to use angled
louvres on the windows that will direct the wind up to the ceiling
so disturbing and dissipating the heat pond beneath it. However,
the night cooling will not work if the window is improperly shaded
and during the day the floor is continually heated, forming a radiant
and convective heat source that will make the room occupants
even more uncomfortable.

DESIGN OF WINDOW OPENINGS FOR
VENTILATION

There are many considerations for the uses of windows for venti-
lation. Think carefully about the way a window opens in relation to
the ventilation needs of the room behind it, its occupants and the
small and large wind-flow patterns around the building. Would the
room best be served by a sash, side or centre hung, sliding or
hopper window? Avoid conflict with opening regimes and furniture,
curtains and blinds. Do not forget that one of the most important
considerations is the performance of the window over time. The
longer it can be kept in good repair the better the life-cycle value
of the window will have been. Make sure the window can be
cleaned and maintained easily and can be secured. It should be
easily accessible and openable by the room occupants and be sized
intelligently for the function for which it was designed. There is no
use opening a patio door for a little ventilation. The disastrous shift
to having huge windows has made buildings much less people-
friendly over the last 30 years. Do not design large windows when
small ones will do. In many countries, for ventilation requirements
in different seasons large windows are not necessary. In other
climates, as we can see in the Queensland house, entire walls are
not necessary at certain times of year. Lessons can be learnt from
Dick Levine's house, where he has ‘sundows’ for solar gain and
windows for ventilation, view and light.

There are many lessons to be learnt from the case studies at
the end of this book that show how amazingly rich is the design
vocabulary for windows in buildings and how important they are to
the metabolism of the home. Do not forget that ventilation in the
home should be, above all, about creating delight.

BUILDING HOMES IN CYCLONE AREAS

Stephanie Thomas

If you live in a cyclone belt, ventilation occasionally is less about
delight and more about survival. Winds, as they get stronger, begin
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to do damage to buildings. By the time that wind speeds reach
65 m.p.h. they can become really dangerous. Winds of this speed
in a ‘closed circulation’, meaning they go around in a complete
circle, are classified as hurricanes or typhoons. The terms hurricane
and typhoon are regionally specific names for a strong tropical
cyclone: they are called typhoons to the west of the International
Date Line and hurricanes to the east of it (Dommin, 1999).

In the Tropics the cyclone season occurs officially between 1
June and 30 November, yet most hurricanes occur in August,
September and October (Galambos, 1990) once the land and water
has warmed up over the summer. The hurricanes that originate in
the Atlantic basin originate in the area around the Cape Verde
Islands and head west towards the Caribbean islands. Their
frequency ranges from none up to around five per year, with an
average of two. In the last decade the number and intensity of
cyclones has increased significantly and in 1999 in the Caribbean
there were 12 named tropical cyclones (Headley, 2000), over twice
the annual average for the preceding decades.

Hurricanes are classified according to sustained wind speeds,
and the Saffir—-Simpson scale explains the categories of hurricanes
in accordance with their wind speeds (Table 5.1).

Most people who live in hurricane-prone areas can remember at
least one major hurricane in their lifetime. When a hurricanes hits
land, it can leave a trail of devastation, of fallen power lines and
trees, strewn debris, damaged structures and human and animal
casualties. For example, in Florida last century, Hurricane Andrew,
a Category 4 Cape Verde classified hurricane, is used as the bench-
mark for comparing hurricanes. On 24 August 1992, southern
Florida was directly in the path of Hurricane Andrew, which came

Table 5.1. Saffir—-Simpson Scale for Hurricane Classification

Tropical cyclone classification

Tropical depression 20-34 knots (kts)
Tropical storm 35-64 kts

Hurricane 65+ kts or 74+ m.p.h.
Strength Pressure Wind speed Storm surge Wind speed Pressure
(inches Hg) (kts) (ft) (m.p.h.) (millibars)
Category 1 28.94 65-82 <b 74-95 >980
Category 2 28.50-28.91 83-95 6-8 96-110 965-979
Category 3 27.91-28.47 96-113 9-12 111-130 945-964
Category 4 27.17-27.88 114-135 13-18 131-155 920-944
Category b 27.16 >135b >19 >155 919




ashore with sustained winds of 145 m.p.h. and gusts of up to
175 m.p.h. By the time the storm moved on into the Gulf of
Mexico, 41 people had been killed and hundreds of thousands
were homeless. The winds and the 12 foot storm surge caused
approximately US$25 billion of damage in Florida alone, and
US$26 billion in total, making this storm the most expensive natural
disaster in US history to date (Rappaport, 1993).

Another noteworthy storm is Hurricane Luis (August 1995). This
storm left behind a pathway of destruction on the island of St
Maarten (an island of 37 square miles located about 300 miles
southeast of Miami). Luis was a Category 4 Cape Verde hurricane
that wreaked harm and havoc on the northeasternmost edge of
the Leeward lIslands, with an estimated 16 dead and causing
US$2.5 billion dollars in damage, US$1.8 billion dollars on St
Maarten alone.

Whether you live amongst a population of 14 million (1998
Census for Florida population) or 100 000 (Census from St Maarten
Tourist Bureau) hurricanes can devastate both developed and
underdeveloped countries in the same proportions. For Caribbean
islands such as St Maarten, hurricane-resistant buildings are
mandatory because any damage to the island can result in a signif-
icant impact on the tourist industry of that island. Hundreds of
thousands of tourists visit islands in the Caribbean such as St
Maarten every year. But when homes, hotels and restaurants are
damaged, the economy can often suffer beyond repair. In Case
Study 16 David Morrison describes how he tries to upgrade the
defences of his own home against hurricane damage annually.

Table 5.2. Hurricane Damage According to Category

Category 1 Wind damage to unanchored mobile homes and
foliage; some coastal flooding.

Category 2 Wind damage to some roofing, doors and windows;
significant damage to mobile homes; small craft could
break moorings.

Category 3 Extensive hurricane. Structural damage to homes;
mobile homes destroyed; flooding at elevations lower
than 5 ft above sea level (asl).

Category 4 Extreme hurricane. Major structural damage; extensive
beach erosion with flooding at elevations lower than
10 ft asl.

Category b Catastrophic hurricane. Massive structural damage;

some complete building failures; flooding at elevations
lower than 15 ft asl; evacuation necessary.
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Following recent hurricane disasters such as Andrew and Luis,
the governments, insurance industries and the public have
demanded a review of what could be done to minimize the
destruction and suffering caused by hurricanes. This has led to a
realization that building codes, enforcement and products are
seriously in need of improvements. Key elements to hurricane-
resistant design are: compliance to the latest code requirements
(if applicable); protection of building envelope; and the use of
approved missile impact and cyclic windload-tested materials.

The degree of damage to a building will depend on the strength
of the hurricane.

When clients rely on architects to design their dream homes in
areas of potential hurricane activity, far too often too much money
is spent on how the building looks and not enough on protecting
it against the threat of hurricanes. To make a house design able
to sustain winds of 100 m.p.h. may cost 10-15 per cent extra. To
make it safe in winds of 150 m.p.h. will cost another 10-15 per
cent on top. It is a false economy in a hurricane zone to think that
you may be able to escape the wind. Many people rely on insur-
ance policies to cover the costs of rebuilding, but insurance cannot
bring back peoples’ lives.

With winds around the globe getting stronger, many house
designers would be well advised to take note of the following light-
hearted advice for minimizing wind damage on buildings taken
from Design for Tropical Cyclones (Macks, 1978):

¢ Avoid roof overhangs Lose your shade
e Avoid flat roofs Pitch all roofs 30°
e Avoid large windows Buy paintings to look at

e Don't use aluminium, asbestos Build everything in concrete
cement and galvanized iron

e Don't use nails or glue Bolt everything to the floor
(which is concrete)

e Avoid wave surges Build in the hills

e Avoid exposed sites Don't build in the hills

e Don't build near the sea Enjoy the desert view

e Don't build near trees Cut all the trees down

¢ Don't have roof penetrations Use invisible vent pipes

e Don’t have fancy roof shapes Live in a box

e Avoid cyclones/hurricanes Live in Adelaide.

The box gives a task list that may help if you are thinking of build-
ing a house in a hurricane area. The list has been compiled from
personal experience and a variety of sources that include building
code offices, Design for Tropical Cyclones (Macks, 1978) and
Tropenbau, Building in the Tropics (Lippsmeier, 1980).



Site selection

e |dentify site, and proximity to the sea.

e Establish flood heights and possible surge levels.

e |s site in a flood plain?

e |s evacuation possible immediately prior to a hurricane arriving
(landfall)?

e |s the site in a heavily populated area and susceptible to future
growth that may hinder evacuation?

e Check possible effects of damage by debris of both trees and
neighbouring properties.

e Where a site is near rivers and open spaces, establish what are
the local turbulence effects of wind patterns.

e Study the history of hurricane activity over past 100 years.

e Study the prevailing wind patterns of site.

Landscaping

e Study the topography of the immediate area.

e (Can advantage be taken of mounds, etc., to give protection or
reduction in wind loads?

e (Can trees be planted that are more resistant to fracture and
collapse?

e (Can tree foliage be easily pruned to reduce wind effects?

e Note any screen walls that can break up wind patterns and act
as debris barriers.

Floor levels

e Study the topography and drainage in storm rains to determine
flood-free floor levels.

e Evaluate the implications of the number of floor levels needed;
one, two or split level (also note local building codes; some
regulations may have a first-floor habitable minimum height and
a total height maximum).

e Remember that rises in roof heights increase wind loads.

e Ground-level floors can introduce flooding.

Windows and doors

e Check their size and the loads they are to carry.

e Design frames to connect to walls to which wind loads can be
transferred.

e Consider the implications of windows breaking in high winds.

e Consider impact-resistant windows.

e Are openings on opposite walls able to funnel the wind through
the building without affecting other areas?

e Design shutter fasteners to be part of structural drawings (do
not install them after construction is complete).

e Louvre blades leak under pressure and may reduce wind loads.

e Resolve the eternal conflict of wider windows for view and
smaller windows for safety.

e Consider balconies and porches for protection — to split the winds.

Ventilation
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Structure

e Design for structural integrity.

e Consider a structural grid system of posts and beams to provide
stiffness.

e Keep structural systems simple.

e Have generously dimensioned foundations, widening at the base
so that the ground pressure can absorb a portion of the forces
that arise.

e Extra strong joints between foundations and walls by means of
steel reinforcement, bolts, etc.

e Examine large spans and cantilevers.

Shape

e Consider shapes to be adopted and optimize them for wind
protection while reducing ‘alcoves’ in which pressure can build up.

e (Can roof profiles be designed to transfer wind loads more
evenly over whole roof?

e Design carefully areas where roof projections and shapes cause
local turbulence — e.g. chimneys, vent pipes, sharp direction
changes, outriggings, roof-mounted solar water heaters, etc.

General planning

e Consider using posted verandas to catch or deflect debris.

e Division of the plan into many smaller rooms increases structural
stability.

e Check interior half-height walls and their stiffness.

e Good interior cross-ventilation can be an advantage.

e Stiffen and reinforce the structure around most secure rooms.

e Disposition and planning of internal spaces should fit into a firm
structural system or vice versa.

Costs and estimates

e FEvaluate costs of alternative solutions (including sustainability
and embodied energy).

e Are bolts cheaper than metal fasteners (in areas of high
corrosion, evaluate galvanized and stainless steel products for
long life performance and lower maintenance)?

¢ |f a post and beam structure is used, size members for optimal
safety as well as cost.

e Are grilles on windows cheaper than shutters and do they give
adequate protection?

e |f impact-resistant windows are chosen, is it cost-effective to
include shutters as well?

Selection of finishes

¢ Are wall and ceiling linings suspect when wet and, if they lose
stiffness, can remaining structures maintain stiffness?

® |s it wise to place carpets throughout and up to windows where
water damage can ruin carpets?

e Are external walls debris-resistant and to what degree of impact?




Is there adequate bracing in wall planes, ceiling and roof planes,
and in internal partitions for lateral stability?

Select type of wall cladding appropriate for climate.

Check higher-pressure areas at walls and roofs near corners and
profile changes.

Check spans and warranty of roof cladding with manufacturers.
Check type of sheeting, thickness and fixing.

Are secret fixings to roof sheetings adequate or are screw
fixings needed in addition?

Check that manufacturer’s instructions match terrain category of
site and verify warranties.

Check windows selected, and glass size, for the correct
thickness to match the pressure to be resisted.

Details

Check door and window frames, stops, catches and their fixings
into walls.

Check weak joints such as half-height walls with windows
above, where joint of vertical cantilevered wall and window
needs stiffness to resist breaking or overturning.

Check flashings to roofs and ensure adequate fixings are
provided as loss or damage to flashing often leads to
degradation of adjacent material.

Parapets should be reinforced.

Tying down of roof members should extend down into
foundations in a single element or at least in a straight line.
There are technical solutions available to fix windows into
frames but the actual fixings are seldom made correctly.

Claddings

When selecting claddings for walls and roofs examine thickness
of material for the proposed use.

Examine manufacturer’s instructions and verify that the claddings
are suitable for the job.

Check method of fixing and type and number of fixings used:
nails, screws, glue.

Is the material impact-resistant and to what degree of impact?
What happens to the material when it breaks? (does it still have
strength?).

Does the material add stiffness to the frame?

Codes

Designers should use the most up-to-date local design codes
available.

If government does not require code compliance, or code is not
sufficient, work to the codes of another country where good
codes do exist.

Do not expect builders and tradesmen to build to a list of codes
specified if the specifier does not have the code, has not read it
and does not fully understand it.

Ventilation
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A building in a hurricane storm area must be able to withstand
extreme winds that blow from every direction during a single
storm. Good design and workmanship are essential. Rapid and
extreme changes in air pressure can be a further cause of damage.
For example, if a well-sealed air-conditioned building is hit too
quickly by the extremely low-pressure centre of a storm the build-
ing can explode (Lippsmeier, 1980).

According to some people in the hurricane regions of the world
the most effective line of defence against the winds is to leave a
message to the hurricane, often painted on the plywood boards
used to protect windows. There are a number of more permanent
hurricane shutter types used other than these boards, including the
most popular aluminium accordion types, Bahamian wooden
shutters and metal rolling doors. The important factor to remem-
ber about hurricane shutters is that they are only as good as their
installation, and they must be well secured to the wall.

After a hurricane has made landfall, it usually decreases in
strength. Although it may seem safe once the hurricane has been
downgraded to a thunderstorm, tornadoes often develop and are
the most damaging weather patterns to deal with. It is almost
impossible to economically build for the shear force of a tornado’s
direct hit. Sometimes the wind speeds reach 300 m.p.h. During a
major tornado hit, wind pressure loads can build up to over
0.5 ton m2 (P > 100 p.s.f.). Only reinforced concrete structures are
able to withstand these pressure levels. When high-density mobile
home areas are subject to a tornado the most inherent danger to
people and property is flying debris carried in high winds. In 250-
m.p.h. winds, a 2 ft X 4 ft timber can cut right through a building.

As wind speeds increase with climate change, standards for
design for the wind will have to improve in many areas. While
no building is completely free from hazards, they can be
minimized by proper design, good construction, careful selection
of materials and homeowner awareness. There are many good
books and websites available to learn more about this subject, of
which one of the best is the book on Design for Tropical
Cyclones, by the Department of Civil and Systems Engineering
at James Cook University, Queensland Australia (1978). Also try
the website http://www.aoml.noaa.gov.

However, we cannot absolutely predict the climate, which no
doubt has plenty of surprises in store for us in the twenty-first
century.



6 HEALTH AND HAPPINESS IN THE HOME

There are many different health risks in the home. They range from
earthquakes and house fires to methane poisoning from a poorly
vented gas stove. Many of them can be quite simply designed out,
once they have been recognized as a problem.

Think carefully about how to design, not only for the more
obvious aspects of health but also for peace of mind, restfulness
and delight in your buildings. The mind and body are closely linked;
a person at ease, comfortable and peaceful in a house, is likely to
be healthier for it. For instance, in Ecolonia at Apeldoorn in the
Netherlands, groups of houses in the 1980s and 1990s were
constructed, each with a range of different eco-features. The most
popular of them all proved to be, surprisingly, the quiet house. This
suggests that designing noise out of a building should be near the
top of the list of priorities and yet it is a seldom-mentioned item
on housing specifications for green buildings.

There can be a global dimension to the impacts of health issues,
as well as being about the safety, health and happiness of the
people who live in the house. Because the subject is so large we
have simply listed alphabetically a number of the most important
issues that may concern householders. Some of the issues are
touched on in other chapters. Once homeowners are aware that
there may be problems in one particular area of their house design
many different local and national organizations can be contacted
for more information on each area. Local government offices and
building research establishments are often good places to start.
Many issues will be covered by the local building regulations and
can be discussed with the relevant authorities. The Internet is also
a great place to search for detailed information on individual
hazards and issues. All information from the Web should be
thought through to ensure it is backed up by the common-sense
intuitions of designers and that it is not simply pushing a certain
line of thought in order to sell a particular product.
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6.1.

Low-allergen design requires careful thought. Floors are best without carpets, walls of water-based paints and soft
furnishings should be made of natural materials that can be easily washed. This view of the balcony at the Oxford
Ecohouse shows the French door and vent windows that provide a variety of different ventilation opportunities into
the buffer zone of the sunspace, these make dust-collecting ducts unnecessary in this house (Nat Rea).

It is advisable to read through this chapter before starting to
design the house as it may significantly affect how you go about
the design. In design, as in so many other parts of life, the best
decisions are made on the basis of the most information. If you are
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employing someone else to design your house make sure they can
justify, to your satisfaction, the health implications of their design.

ALLERGENS

An allergen is a substance that causes a reaction by the body’s
immune system against an otherwise harmless foreign protein.
People are allergic to many different proteins, from milk to wheat.
For allergens that affect breathing the immune reaction occurs
when the allergen has been inhaled. Initially the body becomes
‘sensitized’ against a particular allergen causing the body to gener-
ate antibodies against the inhaled protein. These antibodies are
Immunoglobulin E (IgE). Certain families are genetically prone to
generate more IgE than others and have a tendency to develop
more asthma, hay fever or eczema than other groups. The
common allergens in houses relate to dust mites and domestic
pets.

ASBESTOS

Avoid this material completely. Do not use it in new build and
when having it removed employ a registered expert. Asbestos
causes lung cancer and mesothelioma (rare tumours) of the lungs,
chest and abdomen. Asbestos comes in three forms:

1 White. In board or sheeting products, surface treatments or as
thermal and acoustic insulation.

2 Brown. In laminated boards and pipe lagging.

3 Blue. In fire insulation on steel frames or thermal insulation to
heating systems. Also mixed with other forms of asbestos in
boards or in asbestos cement mixes.

ASTHMA

An increasing number of people around the world are suffering
from asthma, a condition with symptoms of chest tightening,
coughing, difficulty breathing and wheezing. Symptoms will vary
from day to day and place to place. When it is poorly controlled
people often wake at night, breathless and distressed. Many differ-
ent things can cause a narrowing of the airways and asthma,
including exercise, cold air, exhaust fumes, cigarette smoke,
aerosol sprays, chemicals and strong smells. It is important that
sufferers identify what makes their asthma worse so they can deal
with its causes. In the home dust mites, organic solvent vapours,
wood preservatives, formaldehyde and even certain garden plants
are key triggers.
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Step by step guide to asthma avoidance in the home

Does any member of your family have frequent

asthma, eczema or hay fever symptoms?

—> No

Ask your doctor to arrange tests to confirm that

person involved is allergic to house dust mites

Yes + allergic to pet \T but allergic to pet

Cover bed with dust mite
avoidance covers
Remove carpet and curtains from
bedroom

Discard old vacuum cleaner. Get
one with high efficiency filter
system

Vacuum bedroom and living room
carpet every day

Vacuum all soft furnishings at
least once a week

Damp dust or vacuum all surfaces

Wash (58°C) and freeze soft toys
once a week

Ventilate house well by opening
windows

Reduce the humidity in the home
by drying washing outside and
opening windows when bathing or
coo;ing
Use furniture made from natural
products

’

Strip the walls and repaint with
water-based paints

Give pet away

Thoroughly clean all areas to which
the pet had access

Y

Get carpets and furnishings steam
cleaned

Vacuum every day in those areas for
at least 6 months

Do not allow people with pet fur on
their clothes to sit on your furnishings

If you visit a home with a pet wash
the clothes immediately on return
home

If you must keep a pet:

Keep it outdoors or only in the
kitchen

Bath the pet once a week
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Choose plants for the garden that are pollinated by insects and
exclude those pollinated by the wind, such as ash, birch, hazel and
oak trees. Some insect-pollinated plants can cause problems
because of their scent, such as geraniums, or because they
produce large quantities of pollen, such as the daisy family, or for
both reasons, such as Buddleias and honeysuckle. Other plants to
watch are those that cause skin allergies; some people find that
by gardening in gloves they can avoid the problem. Large areas of
grass may cause problems and avoid mulches that may harbour
mould spores.

CANCER OF THE SKIN

Ozone depletion has already resulted in an enormous increase in
the incidence of skin cancer in the Southern Hemisphere. In
Queensland, Australia, where the most damaging UV-B radiation is
highest, three out of every four people can expect to get some form
of skin cancer during their lives. With the rapidly thinning ozone
layer over the Northern Hemisphere, ozone depletion is expected
to account for a 10-20 per cent increase in skin cancer in the
Pacific Northwest in the next few decades. In the USA in 1935 the
chances of developing the most serious form of skin cancer
(malignant melanoma) was 1 in 1500. In 2000 it is now 1 in 75
(http://www.geocities.com/RainForest/Vines/4030/impacts.html).

So do people sitting beside large areas of glass or even under
glass roofs in buildings have an increased risk of developing skin
cancer? The situation here is as follows. There are two different
types of wavelength that have been identified as causal in the
development of skin cancer. These are UV-A and UV-B. UV-B is
ten times stronger than UV-A as a cancer trigger. UV-B is almost
totally eliminated by most glass currently on the market. UV-A does
penetrate glass but one would need to sit next to large areas of
glass for considerable periods to be exposed to significant amounts
of UV-A. Because UV-A has around one-tenth the effect of UV-B,
sitting near a large glass window could be considered equivalent
to being outside all the time with a Sun Protection Factor 10
sunscreen on. In other words, the effects would gradually build up
but would probably not be noticeable during the lifetime of the
person exposed, particularly in higher latitudes. It is possible that
UV-A has special effects that have not yet been investigated. While
UV-A has not been identified as a potential carcinogen it is respon-
sible for the ageing of the skin. UV-A would largely enter the build-
ing from the exposed, visible, blue sky, so if a person is seated
away from a window and receives only reflected light then there
is no possible problem. The basic research into this issue has not
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yet been done but it is not perceived to be a problem by the
medical profession (personal correspondence with Professor J.L.
Hawk at the Department of Photobiology, Guy’s, King’s and St.
Thomas’ School of Medicine, London and Dr James Slusser,
Research Scientist Director, UVB Monitoring Network, Natural
Resource Ecology Laboratory, Colorado State University, USA).

CARBON DIOXIDE - INDOORS IN HOUSES

In breathing we expire carbon dioxide (CO,). This can build up in
the air of a room. In the home, in rooms where there are several
people and consequently very high levels of CO,, simply opening
a window or door is the most effective way of purging the room
of CO, in a short time, no more than 15 minutes or so.

CARBON MONOXIDE

Carbon monoxide (CO) is a colourless, odourless, deadly gas.
When CO is present it rapidly accumulates in the blood displacing
the oxygen needed for the cells to function. Inhaled in sufficiently
large quantities its effects are rather like suffocation. CO is a
common by-product of appliances run on flammable fuels such as
gas, oil, wood and coal. CO poisoning often results from blocked
chimneys or flues, or improper venting of rooms. Symptoms of CO
poisoning include, headaches, giddiness, drowsiness and nausea.
If these symptoms are experienced a doctor should be asked to
carry out a carboxyhaemoglobin test.
To ensure that CO poisoning does not occur in your home:

e have all stoves, fires and appliances that burn fuel such as gas,
coal, wood, etc., properly and regularly maintained;
e avoid using flueless gas or paraffin heaters.

CHLOROFLUOROCARBONS (CFCS)

CFCs are a group of man-made gases that are largely responsible
for destroying the ozone layer above the Earth that shields the
planet from incoming radiation. CFCs are used in buildings in
insulants, aerosols, refrigerants and fire extinguishers. The main
CFCs are CFC11 and CFC12. In addition to their role in the destruc-
tion of the ozone layer they are 17 500 and 20 000 times, respec-
tively, more potent as ‘greenhouse’ gases than CO,. Because they
are in a stable form they will take many decades to break down
and so the impacts of CFC pollution today will only be felt later on
in this century. This is what makes them so dangerous. In 1987
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the world’'s prime consumers and manufacturers of CFCs signed
the Montreal Protocol written to reduce and phase out emissions
of CFCs into the atmosphere. CFC production had ostensibly
stopped by 2000 but the black market in CFCs is still buoyant,
largely because of the huge cost of replacing them in refrigeration
systems. Their main uses in buildings were in roof and wall insula-
tions, dry linings and pipe sections and, above all, in air-condition-
ing and refrigeration systems. Do not use any building materials or
systems that are made with CFCs, HCFCs, R11, R12 and, if poss-
ible, use only R22 products as this is considered a less hazardous
material. In temperate and cold climates air-conditioning should not
be used and, if specifying a cooling system for a warm or hot
climate insist on minimal ozone impacts for the system you
choose.

The seriousness of the ozone problem cannot be over-empha-
sized. Not only are the potential health hazards enormous (see
p127), but the occurrence of the ozone holes over the Arctic and
the Antarctic — where the freezing atmospheric air is necessary for
the breakdown of CFCs into chlorine which destroys the ozone
layer — means that below the holes radiation levels are higher, thus
escalating the rate at which the ice caps are melting.

CONTAMINATED LAND

With increasing pressure on building land many new housing devel-
opments are sited on contaminated land. The first task is to find
out how the land was contaminated and with what. Local govern-
ment offices should have records of the history of sites and, if
necessary, hire a specialist consultant to determine the hazards
posed by the land. The land may then be treated in situ with
neutralizing chemicals, removed altogether and replaced with clean
top soil or by sealing the base of sites with horizontal and vertical
barriers to prevent the movement of contaminated groundwater
into the adjacent land. Seek specialist advice.

DISABLED ACCESS

All houses should be capable of easy access by wheelchair users
and ground-floor toilets should be provided. A good way of
approaching this particular design challenge is to imagine oneself
becoming unexpectedly disabled and still wanting to live in the
house. Also, you may still want to live in the house at the age of
95! If it is a proper ecohouse you will not want to leave it before
then because its annual energy bills will be so low. The price of
conventional fossil fuels and insulation materials may be so high
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you will not be able to afford the bills in a non-ecohouse alterna-
tive anyway.

DUST MITES

Dust mites contain a leading allergen that causes and worsens
asthma. Many studies around the world have been done on how
to reduce dust mite populations because of the high increase in
the incidence of asthma worldwide. Dust mites are found particu-
larly in bedding, furniture and at the base of carpets where the
humidity is higher and the temperature more stable. They are very
small and up to 2 million of them can live in one mattress.

The best conditions for mite growth are temperatures of around
25°C with 80 per cent humidity. How to avoid them:

1T move to high alpine pastures as they cannot survive in the cold,
dry air up there;

2 lower the humidity in a room until it becomes too dry for the
dust mites to survive. This can be done by removing wet objects
such as washing, raincoats and wet towels from the house; and
putting a good ventilation window above and/or beside the
cooker;

3 the first line of attack should be to remove their habitat, so out
go the wall to wall carpets and curtains, and special asthma
covers can be bought for bedding. Barrier covers can be placed
beneath the sheets and inside pillow covers. Modern covers are
made of materials that are permeable to water but impermeable
to dust mites;

4 beat rugs thoroughly.

EARTHQUAKES

The basic rectangular, single-storey, wood-frame house is one of
the safest structures in an earthquake. The amount of damage
incurred should be minimal if the house is properly engineered and
built. The key to a well-designed building is the ability of the struc-
ture to withstand an earthquake as a single unit.

Houses built on steep hillsides, or with split-levels, second
storeys over garages, or pole foundation systems, cripple walls
higher than 1 m; too many windows or irregular features can
represent even greater risks. In such situations, a structural
engineer should be consulted. Avoid sites with high groundwater
tables and/or Lacustrine clay soils that tend to turn liquid during
earthquakes. Get advice on the geology of your site before
purchase.
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The shaking and lateral forces of an earthquake will separate
building components at their weakest points. Therefore, all struc-
tural elements must be securely tied together:

e the structure must be tied to the foundation with anchor bolts
to keep it from sliding;

e the wall studs must be sheathed (tied) with plywood or some
other material to reduce deflection and provide strength;

e the floors and roof must be fastened securely to the walls to
tie the structure together.

Almost all existing structures can be strengthened to be more
earthquake-resistant (but not earthquake-proof). Masonry chimneys
should be reinforced with steel and tied to the roof and upper-floor
framing with steel straps. Un-reinforced masonry chimneys should
either be removed and replaced with a properly braced metal flue
and enclosure system (e.g. a wood-frame), or measures should be
taken to mitigate the effects of potential damage.

Clay and concrete tile roofs can weigh five to ten times as much
as lighter roof systems, such as composition shingles. The
increased weight results in significantly larger earthquake loads for
the roof and walls. Heavy new roofing should not be added to
existing structures without consulting a structural engineer.

Boilers should be strapped to walls. Tall furniture should be fixed
to walls with L-shaped brackets. Keep heavy objects on lower
shelves. Install shelf guards to hold objects on shelves. Install
strong latches to all doors and windows. Ensure that all gas
pipelines in the home are flexible. Have very clearly located meter
points for turning off gas, water and electricity into the property.
Have a clear point in the house for the storage of a medical kit.
Have well-serviced fire extinguishers in the home. Have a post-
earthquake plan ready for all members of the family. If you live in
an earthquake area contact local authorities for advice of making
your own house safe in earthquakes. They will have lots of
experience.

EARTH SHELTERING

In earth-sheltered structures all or part of the building is sunk into
the ground. They are typically built to keep buildings warm or cool,
with their internal temperatures modified by the surrounding
ground temperature, and to minimize the impact of a building on
the landscape. In addition they provide excellent fireproof qualities
in high fire-risk areas. Because of their low energy demands for
heating and cooling they are buildings that very much promote the
health of the global atmosphere by their very low emissions of
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greenhouse gases. An excellent introduction to the principals of
earth sheltering is Sod It, by Peter Carpenter.

EPOXY RESINS AND GLUES

These can lead to various forms of dermatitis. A no-touch policy
should be employed when using them.

FIRE

This is one of the worst health risks that any house should be
designed against. With global warming the risk of houses being
engulfed by external fires is increasing year by year. Around the
world there have been unprecedented numbers of major bush and
forest fires in recent years. If you are in a high-risk area for such
fires great care will have to be taken to protect the house as best
you can. In some areas it has been shown that judicious placing
of earth banks around houses can cause fires to jump buildings. If
the site is in a really high-risk area, where annually fires lick up the
sides of hills, then an extreme measure would be to earth-shelter
the house and sink it completely or partially below ground.

In terms of the envelope of the building there will be very differ-
ent fire implications if one is building in masonry or timber, and the
various pros and cons of each material type will have to be
weighed by designers. The roof is often the first element of the
house to ignite. Contact local authorities for advice on fireproofing
houses.

Care should be taken to consider the fire risks of any design.
All local regulations for fire compartments and escapes in build-
ings should be noted before the design begins. It is difficult to
overemphasize the need to design out fire risks from buildings. A
major source of fire risk in buildings is insulation materials; the
following advice can be offered on the fire implications of differ-
ent types.

In cavity walls airflow is often limited or prevented by cavity barri-
ers, so lowering the risk of spread of flame in the cavity. This may
cause fire to then burst out and ignite adjacent rooms. Please note
that this is another good reason to make sure that cracks and holes
between the cavity and the room are well sealed. Where the cavity
is not capped, air can enter the combustion zone and it has been
found that the performance of different materials here depends
more on their form, i.e. board, granules or infill, than their basic
composition. It is advisable to cap all cavities filled with bead or
granular materials but it is essential to do so where a board insulant
is fixed into the cavity adjacent to a continuous air gap, as fire can
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spread quickly up such voids. The use of in-situ foamed materials,
particularly thermosetting plastics such as polyurethane and urea
formaldehyde, reduces the risk of airflow and keeps smoke or
flame spread to a minimum. The flow of bead or granular materi-
als into the fire area, following the breaching of a masonry wall,
will increase the heat potential of the fire and the release of smoke
and toxins into the room. However, the risk arising from infill
materials in cavities is unlikely to occur until the fire has reached
major proportions.

Some foamed plastic insulants, once ignited, will burn with
considerably greater intensity than cellulose products and will
require a thicker protective cover between the insulant and the
room that restricts the flow of air to the product or prevents rapid
emission of flammable volatiles (e.g. volatile organic carbons,
VOCs). Even composite products should be investigated; recent
tests in the UK have shown that composite sandwich panels with
a polyurethane core can burn very rapidly and cause flashover,
achieving very high temperatures.

Materials made of loose fibre granules can be either used as
poured or blown insulation in cavities, as a blown foam, or as
boards or rigid sheets. The combustible types are often not diffi-
cult to ignite and can cause fires when ignited even by a cigarette.
Organic materials often produce toxic combustion products,
frequently accompanied by thick smoke. Particular care is needed
where insulating materials are used as room finishes. Such
finishes can create ideal conditions for the spread of surface fire,
irrespective of whether the insulating low-density substrate is
combustible or not. Plastic materials will usually ignite or decom-
pose when subjected to heat or fire and, as a result, produce heat,
smoke and combustion gases. Thermoplastic materials will soften
and flow on heating, often before ignition takes place. This can
then collapse and ignite. Examples are polystyrene, polypropylene,
PVC and acrylics. Thermosetting materials do not soften but
undergo localized charring, possibly flaming with combustion.
Examples are urea formaldehyde, polyurethane and polyiso-
cyanurate.

With few exceptions no insulation material should be left
exposed directly in the habitable areas of a building. It should be
protected at all times from sources of heat that could be likely to
cause ignition. Many foamed plastics, for instance, can be
separated from the room by a layer of plasterboard. Any protec-
tion over insulating materials that soften at low temperatures
should be independently fixed (e.g. nailing and battening) so that
softening of the insulation does not result in premature collapse of
the protective material (BRE Digest 233).
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Before wet-pumped insulations are added to cavities the house
electrics should be checked as faults in the system could cause
major fire risks. PVC and electric cables are also best left apart.
Electric wiring should be kept above the level of loft insulation to
reduce the risk of overheating. Painting the surface of an insulat-
ing material such as polystyrene can increase its fire risk and gloss-
painted ceiling tiles should be removed; matt-finish flame-retardant
paints or water-based emulsion paints should be used.

Mineral wool and glass fibre materials with a low resin binder
content can be rated as non-combustible. However, products such
as canvas are combustible and, although the addition of a fire-retar-
dant may improve its performance, it may still be a hazard. The
same is true of a finishing film of PVC or polythene or any thin film
supported on an insulating substrate. If plastic-finished wallpapers
are used ask about their fire ratings. Also take care where
combustible materials, for instance around ducts, penetrate into
room spaces as they could carry fire with them.

Before choosing any material think carefully about its behaviour
in fire. If you do not have information on how it performs, ask for
it or look it up on the Internet. Non-combustible materials are safer.
Be careful of electric wiring, equipment, candles and blowtorches
and, if in doubt, ask the local building inspector for advice. Do not
underestimate the health risks of fire (BRE Digest 233).

FLOORS

One of the three largest surfaces in the home is its floors. The
choice of flooring material is very important. There are many ways
of judging which is the best choice for the environment but really
the main question is which is best for your house. If there is an
asthmatic in the house avoid wall-to-wall carpets. If you do want
a wall-to-wall floor covering follow the two main rules for choos-
ing materials:

1 choose the most natural material possible;
2 choose the most local material possible.

These could be pure wool carpets or rugs, or sisal or hemp
matting. If you want a heat-absorbing passive solar floor choose
ceramic tiles or natural stone floors. If you want to use a renew-
able material choose cork or reused timber or solid timber from a
local sustainable source, with an oil-based finish. If you need a
durable flooring choose Linoleum, made from renewable raw
materials such as wood and cork powder and linseed; its degrad-
ability is also good. Vinyl flooring is less good as it contains harmful
substances, asbestos and mercury that are released during its
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manufacture and chlorine that involves risks of accidents in trans-
port. Vinyl flooring is a petroleum-based product and, as such, is
using a finite and scarce resource (Jonsson, 2000). Choices are
difficult but think the alternatives through carefully.

FORMALDEHYDE

Many wood-based panel products, such as chipboard, are made
with glues that give off formaldehyde, especially when new. In
addition, urea-formaldehyde foam (UFF) insulation in the wall
cavities may be a source of formaldehyde vapour. This is a colour-
less gas with a pungent odour. Low concentrations of the gas may
irritate eyes, nose and throat, possibly causing running eyes,
sneezing and coughing. These products are widely used in the
home for flooring, shelving and kit furniture. Some types of foam-
backed carpets may also release formaldehyde. The amount of this
gas released from these products will decrease over time.
Ways of avoiding this substance include:

1 use blown mineral fibres or expanded polystyrene beads for
cavity-fill insulation rather than UFF;

2 if you are exposing UFF in building works plan to expose it for
a short time only and cover it up again promptly;

3 make sure there is no possible air leakage through cracks or
holes into the house from cavities filled with UFF;

4 repair any damp patches in walls adjacent to UFF-filled cavity or
materials.

LEAD

Lead is a poison. Avoid it. Remove all lead pipes from the home.
Most house paints and primers dating from before World War | are
likely to contain lead. Lead paint is most dangerous when it is
broken and flaking. Either paint over it with modern non-lead-based
paint to seal it or strip it completely. Do not dry sand it as inhaled
dust can be poisonous. Do not burn strip it as this releases fumes.
Hot air tools that soften the paint so it can be scraped off may be
used but avoid overheating the paint as it will then give off fumes.
Wet sanding is the least dangerous but the slowest and messiest
method to strip it. Chemical strippers are costly, give off hazardous
fumes and are caustic to the skin.

Always use lead-free solder. Older putty contains lead so be
careful when removing it. Avoid dry sanding of old lead putty.
Avoid lead flashings if the rainwater is collected for drinking
purposes.
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LEGIONELLA

Legionella pneumophila is a bacterium found in all natural fresh
water where it poses little threat to health. In buildings’ water
systems it grows into high concentrations and can be dangerous
when inhaled in droplets of water from sprays, as found in
showers, hot and cold taps and ventilation and air-conditioning
systems. When inhaled it gives rise to Legionnaires’ Disease,
which is a type of pneumonia that typically causes death in one in
ten of those who contract it. Legionella grows best in stagnant
water at temperatures between 20 and 50°C with an optimum of
30-40°C. Organic material in the system also enhances growth
rates. Thermostats in water tanks should be set to 55°C or be
regularly flushed with water above this temperature. The bacterium
will not grow significantly at temperatures below 20°C. Lipped,
fitted lids should be placed securely over water tanks. Domestic
systems are less of a problem as they have a regular turnover of
water. Spa baths and jacuzzis should be drained and cleaned daily,
with the strainer removed and cleaned at the same time.

MINERAL WOOL

A wide range of man-made mineral fibres is now used in the
construction industry for insulation and reinforcement. These
typically look like glassy fibres and are made from molten blast-
furnace slag, rock or glass by a combination of blowing and
spinning processes to fiberize the melts. The normal diameter of
mineral wool fibres being manufactured today is around 6 pm. The
main health effects of working with this material are skin and eye
irritation; protective goggles can be used if irritation persists. A high
degree of exposure to mineral wool can lead to irritation of the
upper respiratory tract but this is not considered to be a long-term
health risk, although many countries have legislation that specifies
maximum permitted exposure levels. There is ongoing research to
establish if there is a link with cancer from these fibres. If there
is, it has not been proved to be a strong one.

In the home, rock and glass wools are used for insulating loft
and wall cavities. Mineral fibres are also compressed into bats or
boards, pipe insulation and roof tiles. The main thing to avoid is
the inhalation of the mineral wool fibres and this can be achieved
with a little common sense, not allowing cracks in the construc-
tion where the fibres can infiltrate a room, such as through down-
lighters or around pipes. Care should be taken not to disturb the
fibres during maintenance. Also, ensure that any water tank
exposed to possible pollution by fibres has a firm lid. Simple



Health and happiness in the home

protective measures, such as the use of suitable clothing, gloves,
glasses or disposable respirators, can be used while working with
mineral wool if skin, eye or respiratory tract irritations occur.

MOULDS

Moulds present a real health hazard in the home to those who are
allergic to their spores or droppings. Moulds also shorten the life
of many products in the home.

Moulds require the following to grow:

e Mould spores. Normal air contains several hundred spores per
cubic metre, so it is difficult to avoid them. Concentrations
increase in summer.

e Nutrients, such as the layer of grease that is found on most
buildings’ surfaces.

e Temperature. Most moulds survive in temperatures between 0
and 40°C and they thrive at the warmer end of this band.

e Moisture. This is the critical factor in mould growth. Moulds
extract moisture from the substrate on which they are growing,
so local relative humidity factors are important. Any cold spot
on a wall in a house will make the moisture condense because
cold air can hold less moisture than warm air. This creates
condensation on which moulds thrive. For common wall
finishes, such as wall paper, the critical relative humidity is
around 80 per cent (Oreszczyn, 2000).

The key challenges of reducing mould growth in homes are to:

¢ eliminate cold bridges in the external envelope (Chapter 2);

e remove moisture in the home (Chapter 5) with good zoning of
wet activities and a range of good opening windows and vents;
and

e have breathing surfaces for the walls in the home that will
absorb moisture.

NOISE

Sound is generated by creating a disturbance of the air, which sets
up a series of pressure waves fluctuating above and below the
air's normal atmospheric pressure, much as a stone that falls in
water generates expanding ripples on the surface. Unlike the water
waves, however, these pressure waves propagate in all directions
from the source of the sound. Our ears sense these pressure
fluctuations, convert them to electrical impulses and send them to
our brain, where they are interpreted as sound.
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There are many sources of sound in buildings: voices, human
activities, external noises such as traffic, entertainment devices
and machinery. They all generate small rapid variations in pressure
about the static atmospheric pressure; these propagate through
the air as sound waves. Sound is usually measured in decibels
(dBs)

Table 6.1. Typical sound levels dB

Jet takeoff, artillery fire, riveting 120 or more
Rock band or very loud orchestra 100-120
Unmuffled truck, police whistle 80-100
Average radio or TV 70-90
Human voice at T m 55-60
Background in private office 35-40
Quiet home 25-35
Threshold of hearing 20

Decibels are related to the response of the human ear, which
responds logarithmically to sound. For example, a 10 dB increase
in sound pressure level would be perceived as a doubling of the
loudness. In practical situations, level changes of about 3 dB are
just noticeable. It is very important to remember that decibels and
similar acoustical quantities have properties different from more
conventional units. Sound pressure levels, for example, cannot be
added together as can kilogrammes. The combination of two
noises with average levels of 60 dB does not give a sound
pressure level of 120 dB, but 63 dB. In building acoustics, it is
important to know the frequencies that make up a sound because
different frequencies behave differently.

For most noise control work in buildings, the two most impor-
tant acoustical properties of the materials and systems used are
sound-absorption and sound transmission loss.

Noise from footsteps and other impacts is a common source of
annoyance in buildings. Sound carries easily through the structural
components of a building. If noise is a problem in the design then
some quiet spaces can be zoned into the house by isolating them
from areas of most activity, which may be the stairs or front hall.

One method for controlling the sound level within a room is
through dissipation of the sound energy in absorptive materials.
Sound is absorbed when a portion of the sound energy striking a
surface is not reflected, but passes into the material and is
converted into heat energy. Generally, higher frequencies are more
easily absorbed than low frequencies. Materials that are good
absorbers permit sound to pass through them relatively easily; this
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is why sound absorbers are generally not good sound barriers.
They reduce the level of noise inside an enclosure. However, it
requires large thicknesses or many passes for the sound energy
to be significantly reduced. It is important to understand the differ-
ence between sound absorption and sound transmission loss.
Materials that prevent the passage of sound are usually solid, fairly
heavy and non-porous. A good sound absorber is 15 mm of glass
fibre; a good sound barrier is 150 mm of poured concrete. Sound
barrier materials are used to reduce the level of steady sound in a
room, from a machine for example, and to reduce the reverber-
ance. A solid concrete wall would be used to keep traffic noise out
of a room. Solid masonry construction is quieter than timber frame.
Make sure that having a quiet peaceful home is high on your wish
list at the briefing stage and if you have further questions seek
expert advice on sound-proofing your home.

PAINTS

Paints affect health in two main ways: they can be toxic and they
can exacerbate humidity problems in a room. A good paint breathes
and allows the wall to breathe. It is permeable to air and moisture
movement and it allows moisture in the wall, plaster, render and/or
joints behind it to evaporate out. The great advantage of a breath-
ing paint is that it reduces the build up of moisture in a room that
can be a major source of health problems. Many modern acrylic
paints trap moisture in the walls and also impede the movement of
heat between the room air and the wall. Traditional paints with a
lime base allow the wall to breathe. Be careful when applying lime
washes because lime is a caustic substance.

Some of the new water-based eco-paints also perform very well.
They are made from substances such as resins, water, pigments,
opacifiers, waxes and water. They should not contain solvents,
white spirits, turpentine, VOCs, heavy metals such as lead,
cadmium or mercury, or formaldehyde. Check the contents of the
paints you are offered and if they contain such substances think
again. Avoid all paints with any chromium in them, it can cause
dermatitis, ulceration and cancer. One of the most polluting
products in paints is titanium dioxide, excavated largely in Australia
and processed often in China. Its production processes use
chlorine and sulphuric acids, which produce greenhouse and
ozone-depleting emissions. However, it is the most common of all
paint colourings and it is very difficult to find a paint without it.

Also be aware of the fire risk of different paint types. Gloss
paints, for instance, can perform badly in fires, exacerbating the
ignition times of various products, while water-based paints
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present less fire risk. If in doubt make enquiries from manufactur-
ers on the ignition times for different paints.

PETS

Around 40 per cent of children with asthma are sensitized to cat
allergens. Only 1-15 per cent are sensitized to dog allergens. No
pets should be acquired if children in the home have either asthma,
eczema or hay fever. If a much-loved pet predates the child’s
arrival some doctors recommend that the pet be kept out of the
bedroom or the house. Pets should be washed regularly, as should
the house, to remove their allergens. Do not resort to strong drugs
to make life with the pet tolerable. Find your pet a new, loving
home and allow occasional visits.

PLANTS IN BUILDINGS

Plants modify the environment in buildings by three processes:

1 photosynthesis, during which a green plant converts CO, and
water to sugars and oxygen for growth;

2 respiration, the reverse process to photosynthesis. This releases
CO, back into the atmosphere and in so doing makes energy
available for cell metabolism;

3 transpiration, which is the evaporative loss of water from a plant,
a process that turns large amounts of energy into latent heat,
so producing a net cooling effect from the plant.

Studies have found that plants can indeed not only reduce the CO,
and the relative humidity of a room but also they can lower the
temperature of the room. However, different plants perform very
differently and their ability to modify the environment in a room will
be affected by the amounts of solar radiation being intercepted by
the plant. These properties of plants have already been tested in
office environments where, particularly in air-conditioned offices,
people often suffer from symptoms of ‘Sick Building Syndrome’,
such as headaches, dry throats and eyes, lethargy, skin irritation and
respiratory problems (thanks to Gaynor Coltman for much of this
information). Pearson et al. (1994) conducted a range of studies of
the impacts of plants in non-domestic buildings and found that there
was great difference in the impacts of different plants. For instance,
Yucca plants and, best of all, Ficus Benjamina produced significant
drops in CO, levels in the offices. Hibiscus and Cordyline plants
reduced the internal temperature of the space by several degrees
centigrade and also increased the relative humidities in the spaces
by 5-10 per cent during the middle of the working day. These
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effects were most significant when the plants were placed on the
windowsills, so ensuring that the plants could take advantage of the
most sunshine during the day. It is rather nice to think of putting a
living machine in the form of plants into buildings to clean up the
internal air quality. Any good horticulturalist should be able to help
choose the best plants for a particular indoor air quality problem.

PLASTER

Gypsum plaster applied wet or dry has excellent absorption and
diffusion properties for heat and moisture. It must be natural
gypsum, not phosphogypsum, which is radioactive. When using
plasterboard check that it does not contain adverse chemicals.
Sand and lime plaster may also be used, possibly with a final coat
of gypsum. Do not use cheaper cement-based plaster if possible
as it is a poor insulator and is less permeable to heat and moisture.
Mud plaster is also excellent and can be made more waterproof
by mixing well-fired wood ash into the wet mix before kneading.
It should be left for soaking and kneading for several days. Over
all plasters an eco-paint should be used.

POLYURETHANE RESIN AND FOAM

When this is applied in situ high-efficiency personal respiratory
protection is required — not just simple muslin pads. The problems
of this material are for the construction worker and casual DIY
person rather than the householder.

POLYVINYL CHLORIDE (PVC)

This polymer is widely used in construction and is known to be a
carcinogen for animals and humans. In its early use, high levels of
monomers were measured when the material was stored but
more recent development of the technology has reduced their
emissions substantially. The main concern is for the householder
exposed to high levels of newly installed PVC in an airtight home
for a long period of time. A number of fairly toxic substances are
also combined with the PVC in the manufacture stage. Use timber
windows if possible rather than PVC ones and avoid PVC furniture.

RADON

In 1985 an engineer at a Pennsylvania nuclear power plant under-
went a routine radiation check at the plant entrance and set off the
radiation alarm. The remarkable thing was that he did so upon
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entering the plant, not leaving it. After an investigation the
Environmental Protection Agency recorded very high levels of the
radioactive gas called Radon in the air in his home.

Radon is a naturally occurring radioactive gas that is tasteless,
colourless and odourless. After its discovery in 1900 by the
German chemist Ernest Dorn it became a popular health fad and
was marketed in products such as chocolate, bread and toothpaste
as a really healthy substance. As late as 1953 it was used in contra-
ceptive jellies, blasting away at all those sperm in the cervix! Today
its cell-killing properties are used in cancer treatment.
Unfortunately it is also linked to many deaths from lung cancer,
myeloid leukaemia, melanoma and DNA breakdown.

The amount of radon emitted into a home depends on the rocks
on which the home is built and how much soil or other material
covers the radon-emitting rocks. Sedimentary rocks, except for
black shales and phosphate-rich rocks, are generally low in the
uranium that emits the radon, and metamorphic rocks such as
gneiss and schist are richer in uranium than marble, slate or quartz.

Radon has three main routes into the house:

1 groundwater pumped into wells;

2 construction materials such as blocks that emit radon;

3 gas that emanates up from the soil and rocks into basements
and lower floors of houses.

Radon levels vary also with altitude (increasing radon with increas-
ing altitude, owing to the thinner atmosphere and higher radiation
levels) and with the time of year, readings usually being lower in
summer when house windows are open.

In risk areas (check with your local council) radon concentrations
can be reduced by placing an unperforated, impermeable membrane
between the concrete lower floor slab and the ground, or a well-
ventilated crawl space beneath the floor. Sealing all cracks and
openings into the basement will prevent the entry of radon into the
house and the use of exhaust ventilation can remove any that does.
The warm air in a house will tend to draw radon into the home and
care should be taken to avoid a build up of the gas in the house.

Radon is measured in grays or sieverts (Sv) and impacts on
human health at the following levels:

e 5000 mSv - lethal to all exposed;

e 1000 mSv — vomiting, fatigue, induced abortions, sterility;

e 500 mSv - physiological damage;

e 5 mSv - US maximum permissible annual dose. Natural background
radiation averages around 1.0-2.5mSv per year. See U.S.
Protection Agency, A Citizen's Guide to Radon and BRE (1999).
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RUBBER

Historically, natural rubber has been used extensively in roofing
sheeting, flooring materials and underlays. While in position they
pose no threat to occupants. During fires their fumes are very toxic
in confined spaces. The use of latex-based adhesives does require
considerable care, the solvents in them may cause skin irritation
and are dangerous; they should not be used in unventilated spaces
and may cause serious health problems. Synthetic rubbers contain
more carcinogens and their fumes are lethal in fires.

SECURITY AND PRIVACY

A sense of peace in a home is very important to the quality of life
of the people who live there. It is awful to live in a house where
you lie awake at night listening for the sound of the door or

window being forced or of intruders in the house. A very impor- 6.2.
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Most robberies involve a rear-door entry and escapes are made
easier when houses have pathways that are not overlooked. A first
step is to design the whole housing development so that every-
one in it feels a sense of ownership and responsibility for every
part of the development. Clear and direct routes through an area
are desirable but should not undermine the defensible space of
neighbourhoods. Underused and lonely routes should be avoided.
Crime is always easier to commit where offenders cannot be
recognized so properties are usually entered from a door that is
not overlooked. Communal areas should be designed to allow
natural supervision. A sense of defensible space around a house
is effective using real or symbolic barriers, i.e. change of road
surface texture or colour, to encourage a feeling of territoriality
among the residents. Houses can be sited in small clusters or inter-
acting with each other. The front boundaries of properties should
be well defined as private property. Strong, lockable gates should
be included on the front build-line of a house in the worst areas.
Avoid design features that allow climbing and access points. Utility
meter cupboards should be located externally, as close as possible
to the front building line and should be overlooked. Car parking
should be located within view of residents and road users.

For front doors glazed panels, which should be laminated glass,
will enable residents to see who is at the door and entries with
two doors give added protection. Good locks should be specified
on outer doors with entry by key only. Doors should have three
hinges and, if the occupants still feel vulnerable, a chain latch
device can be installed. Special care should be taken to protect
French doors with adequate security devices and do not forget to
put a good lock on the door between a house and garage too.

The position of ground-floor windows and those easily access-
ible above ground-floor level should be carefully thought out to get
a balance between security and privacy. Opaque glass can be used
to prevent view into some windows that are overlooked. Frames
should be securely fixed into the wall. Double- and triple-glazed
windows provide a much greater deterrent to intruders than single-
glazed ones.

Security alarm systems come in two forms; they can either be
tripped by motion in the house or be designed to go off when the
perimeter of the house is broken into, with movement sensors by
doors and windows. The problem with internal motion-sensor
systems is that they only trigger once someone is already in the
house, so perimeter systems are safer. It is better to consider
security issues right at the outset of the design because the design
of the building form can have a significant impact on how safe you
feel in the house once it is built.
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VOLATILE ORGANIC COMPOUNDS (VOCS) AND
ORGANIC SOLVENTS

VOCs are found in many everyday materials in the home, includ-
ing carpets, underlays, adhesives, caulks, sealants, thermal insula-
tion materials, paints, coatings, varnishes, vinyl flooring, plywood,
wallpaper, bituminous emulsions and water-proof membranes.

A wide range of VOCs can be emitted, including solvents or
plasticizers used in the manufacture of building products. As the
weather gets hotter so the rates of emission of VOCs increase.
They can cause discomfort because of their smell and, worse,
provide health hazards in the home and initiate symptoms of sick
building syndrome.

Organic solvents include white spirit, which is found in many
household products such as cleaning fluids, varnishes, glues and
paints. Dry cleaned clothes also contain very high levels of solvent
residue, so air them outside if possible before wearing and keep
them in a nylon cover bag in the wardrobe. In large quantities
organic solvents can cause dizziness and in smaller quantities they
can exacerbate asthma problems. Avoid them by:

e using water-based eco-paints and varnishes that do not contain
ammonia (see the section Paints);

e if you are using glue, paint strippers or varnishes, open the
windows wide and ventilate the rooms really well;

e keep only small quantities of them in the house;

e if you have bedding dry cleaned, air it thoroughly before using.

WALLPAPERS

If you must use them, choose wallpaper that is made of paper and
not a synthetic material such as vinyl. If you paint over it make
sure you choose an eco-paint that does not contain solvents, vinyls
or fungicides.

WOOD PRESERVATIVES

Many different chemicals are used to protect wood from insect or
fungal decay and many are potentially very harmful. They should
be handled with care and contact with skin should be avoided. Any
product for protecting buildings from woodworm should be applied
only by an expert. Avoid their use in enclosed spaces and do not
use rooms where a smell of the chemical product lingers. Avoid
storing these chemicals in rooms in the house.
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DESIGNING WITH THE SUN

The first step in creating comfort and thermal delight in buildings is
to understand the relationship between the climate and our need
for shelter. There is an enormous variation in climates that build-
ings experience. These can be at the scale of global climates, from
the Arctic to the Sahara. They can be regional climates in the centre
of a continent or on the seashore. They can be local climates on
the sunny or the shady side of a hill or street. All will influence the
way in which a building should be designed in relation to the sun.

The sun can be a friend or an enemy in buildings. Poor climatic
design of buildings, all too often seen in ‘modern’ architecture,
causes many buildings to overheat, even in temperate or cold
climates where such problems traditionally never existed. The
power of the sun should be understood and respected by good
designers of well-designed, passive solar buildings in which the free
energy of the sun is used to power the building but not allowed to
interfere with the comfort and economy of the building’s occupants.

The five things a designer needs to know for a good passive
solar design are:

1 how strong the sun at the site is at different times of the year;

2 where the sun will be at different times of the year in relation
to the site;

3 how much of the sun’s heat a building will need, or not need,
at different times of the year to enable the building occupants
to be comfortable;

4 how much storage capacity the building should have in relation
to the available solar gain at the site to meet those needs;

5 what the additional requirements are for controlling the heat gain
from direct solar radiation, convection or conduction in a design
and how they can be met by envelope performance, building
form and ventilation.



There are a number of factors that influence the incidence, or
strength, of solar radiation at the site including:

¢ the latitude of the site;

¢ the altitude and azimuth of the site;

e how much shade will be given by any obstacles that exist
between the building and the site;

e the weather above the site.

AZIMUTH AND ALTITUDE OF THE SUN AT A SITE

The angle with which the sun strikes at a location is represented
by the terms ‘altitude’ and ‘azimuth’. Altitude is the vertical angle
in the sky (sometimes referred to as height); azimuth is the horizon-
tal direction from which it comes (also referred to as bearing).
Altitude angles range from 0° (horizontal) to 90° (vertical: directly
overhead). Azimuth is generally measured clockwise from north so
that due east is 90°, south 180° and west 270° (or —90°).

Azimuth
Altitude

Because the Earth revolves around the sun once a year, we have
four seasons. The Earth’s axis remains in a constant alignment in
its rotation so twice a year the incoming solar radiation is perpen-
dicular to the latitude of the equator and only once a year is it
perpendicular to the tropics of Cancer and Capricorn, as shown in
Figure 7.2.

The changing values of azimuth and altitude angles are predom-
inantly a reflection of the changes in the relative positions of Earth
and sun. These are governed by:

e the rotation of the Earth around the sun;
* the rotation of the Earth about its axis.
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7.1.
The altitude and azimuth of the
sun at a site (Andrew Bairstow).
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One of the simplest tools we can use for the derivation of altitude
and azimuth angles is a graph using Cartesian coordinates (Figure
7.3). Figure 7.3 incorporates two types of line. Firstly, those repre-
senting the variation in altitude and azimuth over the period of a
day (given for the 21st or 22nd day of each month). Secondly,
those joining the points on the altitude—azimuth lines for a specific
hour. Thus the solar angles for 11 a.m. on 21 March may be read
off on the horizontal and vertical axes where these two lines meet
(altitude 36°, azimuth 19°). Values for other days may be read by
interpolating between these lines.

NOON ;
- hem oLl e0
o .\/& \l\\ 50°
; I/ QQ\AL\ 3 A i}
_ f ¥ 4
— T N\
L NN NN
— / ~N 7 \ \
4Ot / N\ / X
NOV 2 \
\\‘/\\/ / N
/ ,
| 11 [ Lt \\l\ \ L1
% 60° 45 30 15° 15 30 45 60 75"

Equidistant vertical sunpaths, LAT = 520

7.2.

The Earth revolves around the
sun once a year, as well as
around its own axis once a day
(Mazria, 1979).

7.3.

Sunpath diagram for 52°N on
cartesian axes (Andrew
Bairstow).



[t may appear that these are the only determinants of angular
position, however we are actually concerned with the direction of
the sun’s radiation rather than the Earth—sun position. Also, radia-
tion does not travel in an entirely straight line but is bent slightly
by the Earth's atmosphere.

The distance between the Earth and the sun is approximately
150 million km, varying slightly through the year with the variation
of the azimuth and altitude angles with time.
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7.4.

The sun emits solar radiation
that arrives at the Earth in the
form of a number of different
wavelengths ranging from
infrared, the hot end, through
the visible light spectrum to
ultraviolet light (http://www.
fridge.arch.uwa.edu.au/).
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All passive solar features involve the transmission of solar radia-
tion through a protective glazing layer(s) on the sun side of a build-
ing, into a building space where it is absorbed and stored by
thermal mass (for example thick masonry walls and floors or water-
filled containers). The typical processes involved are:
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7.5.

Solar incidence at different
latitudes. Closer to the equator,
where the sun is more directly
overhead, the sun is ‘hotter’
because the energy density is
determined by the angle of
incidence (Mazria, 1979).
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e collection — to collect solar energy, double-glazed windows are
used on the south-facing side of the house;

e storage — after the sun’s energy has been collected, some heat
is immediately used in the living spaces and some is stored for
later use. The storage, called thermal mass, is usually built into
the floors and/or interior walls. Mass is characterized by its
ability to absorb heat, store it and release it slowly as the
temperature inside the house falls. Concrete, stone, brick and
water can be used as mass;

¢ distribution — heat stored in floors and walls is slowly released
by radiation, convection and conduction. In a hybrid system,
fans, vents and blowers may be used to distribute the heat.

There are several types of passive solar system that can be used
in homes. The most common are direct gain, indirect gain and
isolated gain.

SYSTEM COMPONENTS

There are three key components to all passive solar systems for
heating:

e collector;
® mass;
* heated space.

DIRECT GAIN SYSTEMS

Direct gain systems are most commonly used in passive solar
architecture. The roof, walls and floor are insulated to a high level.
Solar radiation enters through the windows and is absorbed by the
heavy material of the building. The whole building structure gradu-
ally collects and stores solar energy during the day. Heavy build-
ing materials provide thermal storage. The collected solar energy
is gradually released at night when there is no solar gain.

Direct gain systems commonly utilize windows or skylights to
allow solar radiation to directly enter zones to be heated. If the
building is constructed of lightweight materials, mass may need to
be added to the building interior to increase its heat storage capa-
city. The proportion of a building’s heating needs that can be met
by solar energy increases as the area of sun-facing glazing
increases. Additional mass must therefore be used to reduce
interior temperature swings and delay the release of solar energy
into occupied spaces. While the mass that is directly illuminated
by the incident energy, sunshineg, is the most effective for energy
storage, long-wave radiation exchanges and convective air currents
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in the solar heated rooms allow non-illuminated mass to also
provide effective energy storage.

THERMAL MASS

Thermal storage mass plays a vital role in the effective performance
of direct gain buildings. Thermal mass is needed to store the solar
energy for subsequent release into the interior space as heat. It is
necessary because the sun’s energy is not always emitted in phase
with heating requirements. This is why the heat gained must be
stored for future use, rather as a brick in a night storage radiator is
heated at night using cheap energy and re-radiated as heat out into
the space during the day. In passive solar systems the cheap
energy comes from the sun.

Thermal mass in a building does two things, it reduces the peaks
of the temperature swings (decrement factor) and shifts them to a
later time than the air temperature peaks (time lag). The more
mass there is, the lower and later the indoor air temperature peaks
(see Figure 3.4).

As a general rule, buildings that contain very little thermal mass
are unable to store heat for night time use; thus, only the
daytime portion of the heat load can be met by solar gains, and
overheating can be a serious problem if the solar gains are
excessive. Furthermore, heat losses through an aperture whose
effectiveness is impaired by insufficient thermal mass can exceed
the useful solar gain. Lightly constructed stud-wall buildings with
no floor slab (or a carpeted floor slab) are the worst offenders in
this category.

The effectiveness of thermal storage mass in direct gain
buildings depends on its thickness, surface area and thermal
properties (volumetric heat capacity and thermal conductivity). The
best materials are those that are capable of storing large quantities
of heat (high volumetric heat capacity) and that can readily transport
heat from the mass surface to the mass interior for storage and
back again to the surface to meet the building’s heat load (high
thermal conductivity). As a general rule, mass surfaces should be
relatively dark in colour compared with non-massive surfaces in
order to promote preferential absorption of solar radiation by the
thermal storage medium and, for optimal effectiveness, should be
located in building zones that experience direct solar gains. Mass
located in zones not directly illuminated by solar radiation entering
through south-facing windows will be ineffective unless care is
taken to ensure adequate free convective exchanges with directly
heated zones or unless a forced-air distribution system is
employed. In either case, remote thermal storage mass will be less
effective than that located in direct gain zones.




Some rules that apply to high-density masonry (roughly
2000-2500 kg m™:

e Performance variations for mass thickness between 10 and
20 cm are small. The thickness may be reduced to 10 cm
without incurring significant performance penalties. This
generalization is independent of location, configuration and mass
surface area.

e The range of mass thickness between 5 and 10 cm can be
considered a transition region. In this region, performance
penalties for reduced thickness are becoming significant but, in
some cases, may be considered acceptable as design cost
trade-offs.

e For mass thickness below 5 cm, performance falls off much
more rapidly than in the transition region. Under most conditions
it is not advisable to employ mass thickness of less than 5 cm
for passive solar building assemblages.

e |ower-density masonry has a lower thermal conductivity and,
therefore, has a smaller effective thickness for diurnal heat
storage. The same heat storage capacity must, therefore, be
achieved with material spread over a larger area.

INDIRECT GAIN SYSTEMS

These are passive thermal systems that collect and store the sun’s
energy. The storage is directly linked to the comfort of the interior
space. In winter, energy is collected and stored to be released later
in the day. This allows better control of indoor temperatures and
heat distribution. In summer, the systems reverse their operation
preventing overheating.

A building component can be heated by absorbing heat radiated
from warmer components (walls, floors) or by convection from the
surrounding air. The storage is influenced by the component
temperature difference, location and emissivity. Indirect gain
systems may be characterized by the placing of a sheet of glass
in front of, and quite close to, a solid masonry wall or other build-
ing element that has a high thermal storage capacity. These
systems are designed to capture and store a large fraction of the
indirect radiation for subsequent release into the adjoining
occupied space. When a wall is used for thermal energy storage
in an indirect gain system it is called a Solar Wall or a Mass Wall.

A Mass Wall relies on conduction to transfer heat. For better
thermal efficiency mass storage elements are located within a build-
ing, taking up some space that could be used for other things.
Commonly a large wall is constructed on the sun-orientated face of
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the building. The sun warms up the mass of the wall during the day.
After sunset, the stored heat is emitted for a period of time that
depends on the thickness of the wall and its thermal characteristics.
The glazing on the external face reduces heat loss to the outside.
After sunset, the stored heat is emitted for a period of time that
depends on the thickness of the wall and its thermal characteristics.
The glazing on the external face reduces heat loss to the outside.
There are several variations of the mass wall principle, as follows.

The Trombe-Michel wall

The Trombe-Michel wall (also known simply as the Trombe wall)
is a variation of the mass wall principle. Here the mass wall has
controllable vents at high and low levels to allow convective heat
transfer. Solar radiation heats the wall. The inclusion of vent holes
through the heated wall permits some convection to take place, as
a means of circulating heat to the building during the day.

The water wall

The water wall is a variation of the mass wall where water replaces
the solid wall. This is attractive in situations where a low-mass wall
is required. Water-filled containers take the place of a masonry
wall. Tall fibreglass tubes are often used. Water has a greater unit
heat capacity than brick or cement so, for a given volume, a water
wall works more efficiently than a solid wall.

The Barra-Constantini wall

The Barra-Constantini system uses lightweight glazed collectors
mounted on a wall. The glazed wall panel acts as a heat collector.
Ducts in the building circulate the warm air by natural convection.
The heated air warms heavyweight ceilings, walls and floor.

ROOF STORAGE SYSTEMS

Roof storage systems are a variation of the storage wall principle
for indirect heat gain. Moveable insulating decks can be situated
over the roof (storage medium). These are used to cover the roof
during winter nights and summer days.

SUNSPACES, SOLAR GREENHOUSES,
CONSERVATORIES

One of the most attractive passive solar features is the use of an
attached sunspace (also known as solar greenhouse or conserva-



tory) to gather energy and pre-warm ventilation air for the parent
house. An attached sunspace is a solar collector that is also a
useful space capable of serving other building functions.
Occupants not only have the benefit of lower energy bills but also
it can be a most comfortable area of the house on sunny winter
days. In winter they make an excellent place to store fire wood or,
more importantly, to hang clothes to dry, saving on the need to
have an electric clothes dryer. This also removes unhealthy
moisture from the house during winter. They also provide a more
secure double-door rear-entry to the house.

The sunspace performs its passive solar heating function by
transmitting solar radiation through its glazing and absorbing it on
its interior surfaces. The solar radiation is converted to heat upon
absorption. Some of the heat is rapidly transferred by natural
convection to the sunspace air and some of it flows into massive
elements in the sunspace (floor, walls and water containers) to be
returned later. The sunspace is, thus, a direct gain space in which
heat is used directly to maintain a temperature suitable for its
intended secondary function, such as occasional living space. But
the primary purpose of the sunspace as a solar heating system is
to deliver heat to the adjacent building spaces. This may be by
conduction through a masonry common wall, by natural convection
through openings (doors, windows or special vents) in the common
wall. The sunspace system then resembles an indirect gain,
thermal storage wall. The common wall may also be insulated so
that heat transfer occurs only by natural convection through
openings. Then the sunspace system is in the isolated gain
category.

Some sunspaces are operated as hybrid systems in which a fan
is used to transfer heated air from the sunspace to other building
spaces or to storage. Sunspaces have become very popular build-
ing features, both for the attractive space they provide and for their
ability to deliver solar heat to adjacent spaces. The solar heating
performance can indeed be very effective, often exceeding the
performance of any other passive solar system occupying the
same area of south-facing wall. The sunspace designed in the
Bariloche Solar house is a typical case of hybrid sunspace.

The sunspace works in many different ways. On sunny days it
collects solar energy that can be transferred into the house. At
night and during cold days it acts as a buffer, reducing heat loss.
If the sunspace itself is heated or cooled by other means to normal
comfort levels with auxiliary energy, the buffering characteristic of
this isolated-gain passive solar system is lost. In this case, the
benefits of solar heating are lost, and the total energy consump-
tion of such a sunspace may be almost as much as that of the
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house itself. Sunspaces are popular because of their spatial and
architectural qualities.

Semi-direct gain sunspace

This system incorporates a double-glazing system where the sun’s
rays absorbed by the internal surfaces of the sunspace and living
areas are transferred into heat, with a marginal contribution of
convective and storage effects.

Adjustment may be critical. Automatic control of openings and
screens is expensive and not always reliable. Solar radiation can
easily overheat the sunspace and the interiors. This can occur
during sunny days of intermediate seasons (spring and autumn).
Overheating must be reduced by ventilating the sunspace and, if
necessary, part roofing the space.

Indirect gain sunspaces

In this energy storage system a massive wall is placed between
the sunspace and the building interior. The wall absorbs solar radia-
tion and converts it into heat, gradually transferring the heat by
conduction into the building mass and the interior spaces of the
house. This sunspace configuration works well in winter. It can be
difficult in summer when radiation levels are high and the collect-
ing surfaces are not sufficiently shaded. Moveable shading devices
on the wall’s external surface can avoid overheating. Such shading
devices can find use throughout the year.

Storage walls have a high thermal capacity and a low conduc-
tivity rate. A means of controlling the high winter heat losses of
the system, particularly during the night, is by using insulating
shading devices on the external surface of the wall. Double glazing
further reduces heat losses from the sunspace.

Thermosyphon sunspaces

Thermosyphon sunspaces absorb solar radiation, heat the
sunspace air and increase the internal temperature of the
sunspace. The sunspace air is transferred to the building interior
using automatic shutters or valves at the top of the background
wall. Valves at the bottom of the wall recover the cooler interior
air. A convective effect is produced, exploiting the thermal stratifi-
cation in the sunspace and optimizing the heat gain in the house.
A regulation system simultaneously controls the sunspace and
interior room temperature levels, and allows air to flow from the
sunspace to the interior rooms at appropriate temperatures. The



main problem with any automatic system is that it presumes that
there is one comfort temperature whereas, in reality over the year,
people find very different temperatures comfortable. With a manual
system that relies on opening top and bottom windows the house
occupants can decide for themselves if the sunspace air is suffi-
ciently warm to be used in the house.

Hybrid systems

The term ‘hybrid systems’ is used to describe ideas and techniques
that are not easily described by ‘active’ or ‘passive’ systems. Hybrid
systems usually contain some active and some passive system
characteristics. An example is the thermosyphon system. These
passive solar convection systems use the buoyancy effects of
heated fluids to transfer solar heat into building spaces or storage
by convection. When they use mechanical assistance (pumps, venti-
lators), they are called hybrid systems. Air or water is the most
common heat transfer medium of passive and active solar energy.

One type of hybrid convection system is the thermosyphon air
panel. It uses flat-plate collectors mounted on the outside of an
exterior sun-facing wall to heat air. Automatic vents located at the
top and bottom of the panel allow hot air to flow directly into the
space to be heated. The hot vented air is replaced at the bottom
of the panel by cooler interior air.

ROCK BEDS

An effective and favourite hybrid application is the use of a rock
bed in conjunction with a passive solar building. In many applica-
tions the rock bed is located beneath the source of hot air and thus
natural convection cannot be used to transfer the heat. In this case
a fan is normally employed, resulting in that part of the system
technically being an active element. Rock beds can be used effec-
tively in situations where there is an excess of energy in the form
of air that is heated above the comfort level. It is desirable to
remove this overheated air for three reasons:

1 to reduce the air temperature in the space and improve thermal
comfort;

2 to store the heat thus removed for later retrieval; and

3 to redistribute heat from the upper south part of the building
where hot air tends to accumulate into the lower north part of
the building that normally tends to run colder.

Imbalances in temperature in the building, which might be created
by the passive elements operating alone, can be corrected.

Passive solar design
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It requires very careful design to remove heat from the rock bed
in the form of warm air. This air is then blown into the space to
be heated. The air temperatures that can be achieved are low, and
the flow rates that would be required are therefore high. The
effect of a high air-velocity at low temperatures may be cold and
unpleasant. A much preferred approach is to remove the heat
from the rock beds by means of radiation and convection from the
rock bed container surface. In this case the rock bed is thermally
coupled to the space that is to be heated, rather than being
thermally isolated from it. A convenient approach that is often
used is to place the rock bed underneath the floor of the build-
ing, although it would also be possible to place it behind one of
the walls. Distribution of heat from the rock bed to the space is
entirely passive. The floor temperature or wall surface tempera-
ture will only be a few degrees above the room temperature. If
the installation is properly designed the net result will be a very
comfortable situation, heating the house slowly from a large
radiant panel.

Experience with under floor rock beds has been very
favourable. Comfort is greatly improved by keeping the floor
temperatures 3-6°C above what they normally would be. By
increasing surface temperatures and thus increasing the mean
radiant temperature within the space, the air temperatures can
be reduced and energy savings that are even greater than the
actual amount of heat released from the rock bed can be
realized.

A technique that is suitable for residential applications is to divide
the building into two thermal zones and accept fairly large temper-
ature swings in one zone in order to stabilize temperatures in the
other. In Zone 1, which is a direct-gain space, large temperature
swings can be expected because there is a large excess of heat.
Heat storage is in the mass separating the zones and in the floor
of Zone 1. Depending on the size of Zone 1, its enclosing mass
surface area and the glazing area, temperature swings of 12°C to
17°C can be anticipated. However, such swings can be completely
acceptable (and perhaps even advantageous). Uses of such a
space could be as a greenhouse, sun room, atrium, conservatory,
transit area, vestibule or as an airlock entry. A principal advantage
of this approach is the reduced temperature swings in Zone 2. This
is a buffered space protected from the extremes of Zone 1 by the
time delay and heat capacity effects of the mass wall. With a little
care in the design, one can phase the time of heat arrival into Zone
2 so as to maintain an almost constant temperature. An example
of the effective use of the two-zone approach is the house in
Bariloche.
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7.7.

The newly installed rock bed at
Fuentes House in Bariloche,
showing the concrete walls of
the bed and the heat supply and
extract ducts.

TIPS: ROCK BED SIZING

1a The rock bed volume should be 0.6 m® m= of sun-orientated
glazing.

1b The air flow rate through the rock bed should be 0.03 m®s™ for
each m? of sun-orientated glazing.

2a More than one-third of the net heat should not be transferred
out of the space to the bed rock.

2b The working bed temperature drop should be one-half of the
working air drop.

3 The air velocity should not exceed 3.5 m s~ and 10 ac h™.

4a The pressure drop across the rock bed should be in the region
40-75 Pa.

4b The pressure drop across the ductwork should be less than
one-fifth of the rock bed pressure drop.
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HOW MUCH DOES IT COST TO USE PASSIVE
SOLAR SYSTEMS?

Today's passive solar heating systems can typically provide
30-70 per cent of residential heating requirements, depending
upon the size of the passive solar system, the level of energy
conservation being employed in the building envelope and the local
climate. At the upper end of this range the use of specialized
components is often required. These performance results are
typical for single-family residential buildings, and small commercial
and institutional buildings.
The economics of some passive solar techniques are difficult to
determine because many features are part of the fabric of the
house itself. Take the sunspace for example. The building owner 78
may want to build a sunspace into the house. The capital cost for  Graph showing the
energy savings would then be zero. Where economic analysis is temperatures in different spaces

performed including capital costs, passive solar techniques often °f the Oxford Ecohouse. These
show that the temperatures in

offer a good payback. the sunspace can fluctuate

Passive solar systems have demonstrated their competitiveness  considerably while the internal
with conventional fuels by saving 30 per cent and more of a build- r°°ms maintain a much more
., h . . . I h h thei steady temperature because of
ing's ;pace eat|.ng requwe.ments .|n some climates, though their ., gesign and high levels of
effectiveness varies from site to site. thermal mass.
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8 PHOTOVOLTAICS

WHAT ARE PHOTOVOLTAICS?

Photovoltaic cells convert sunlight directly into electrical energy.
The electricity they produce is DC (direct current) and can either
be:

¢ used directly as DC power;
e converted to AC (alternating current) power; or
e stored for later use.

The basic element of a photovoltaic system is the solar cell that is
made of a semiconductor material, typically silicon. There are no
moving parts in a solar cell, its operation is environmentally benign
and, if the device is correctly encapsulated against the environ-
ment, there is nothing that will wear out.

Because sunlight is universally available, photovoltaic devices
have many additional benefits that make them not only usable, but
of great value, to people around the world. They are the future and
by 2020, when the conventional oil supplies begin to really dry up,
they will be everywhere.

Photovoltaic (PV) systems are modular and so their electrical
power output can be engineered for virtually any application,
from low-powered wristwatches, calculators, remote telecom-
munications systems and small battery-chargers to huge central-
ized power stations generating energy only from the sun. PV
systems can be incrementally built up with successive additions
of panels easily accommodated, unlike more conventional
approaches to generating energy such as fossil- or nuclear-fuel
stations, which must be multimegawatt plants to be economi-
cally feasible.
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HOW PV CELLS WORK

Although PV cells come in a variety of forms, the most common
structure is a sandwich of semiconductor materials into which a
large-area diode, or p-n junction, has been formed. In the
presence of light an electric charge is generated across the
junction between the two materials to create a charge similar to
that between an anode and a cathode. The fabrication processes
for making the cells tend to be traditional semiconductor
processes, the same as those used to make microchips, by
‘doping’ the silicon with different elements using diffusion and
ion implantation of the elements into the silicon. The electrical
current is transferred from the cell through a grid of metal
contacts on the front of the cell that does not impede the
sunlight from entering the silicon of the cell. A contact on the
back of the cell completes the circuit and an antireflection
coating minimizes the amount of sunlight reflected back out from
the silicon, so maximizing the light used to generate electricity,
as shown in Figure 8.1.

Photovoltaic panels have been commercially available since the
mid-1970s and were initially used to power some early demon-
stration buildings, such as those that are still working at the Centre
for Alternative Technology in Wales. However, it was the 1990s
that saw the first great boom in PV buildings around the world.
Germany, the USA and Japan lead the way with Germany already
having over 10 000 PV buildings operational and 100 000 planned
by 2010. The USA has a Million Solar Roof Programme in place for
the same date and Japan, a country that has scarce fossil fuel
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8.1.
Cross-section of a solar cell.



reserves, aims to have 70 000 PV buildings installed by 2010.
Some countries are way behind in the solar race. Britain had only
around ten integrated PV roofs built by 2000.

WHAT IS A PV SYSTEM?

PV cells are typically grouped together in a module for ease of use.
A PV system consists of one or more PV modules, which convert
sunlight directly into electricity, and a range of other system
components that may include an AC/DC inverter, back-up source
of energy, battery to store the electricity until it is needed, battery
charger, control centre, mounting structures and miscellaneous
wires and fuses.

WARNING

Direct current (DC) electricity is much more dangerous to handle
than alternating current (AC) electricity, which is typically used for
all household appliances. This is because there is no break in the
flow of a DC current and, if you grab hold of an exposed DC wire,
the muscles in the hand and arm contract and it is very difficult to
let the wire go again. Great care should always be taken when
dealing with DC electricity.

WHY PV IN BUILDINGS?

Even in cloudy, northern latitudes, PV panels can generate suffi-
cient power to meet all, or part of, the electricity demand of a build-
ing. The Oxford Ecohouse, for example, incorporates 48 PV panels
on the roof that generate enough energy to lower the household
electricity bills by 70 per cent.

The flexibility of PV enables its use in many building products,
such as solar roof tiles, curtain walls and decorative screens, which
can directly replace conventional materials in the building fabric.
These products serve the same structural and weather protection
purposes as their traditional alternatives but offer the additional
benefit of generating the power to run the house.

WHAT’'S GREEN ABOUT PV?

The electricity produced by every square metre of PV can effectively
displace emissions of more than two tonnes of CO, to the atmos-
phere over its lifetime. Few now dispute that CO, emissions can
continue to increase at current rates without dire consequences,
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such as global warming. Wider use of PV power in buildings can
help to reduce such environmental impacts of buildings that are
responsible for generating over 50 per cent of all emissions of
greenhouse gases globally.

Let us use the Oxford Ecohouse as an example. In order to
calculate the environmental impacts of the PV system it is neces-
sary to know the UK energy generation conversion values, the
amount of CO, released into the atmosphere for every unit of
energy delivered to a house. It has been estimated that an average
energy conversion efficiency for thermal electricity generation
plants in the UK is around 37 per cent. This results from an electric-
ity mix generated from 65 per cent coal, 15 per cent gas, 22 per
cent nuclear and 9 per cent oil. For the PV manufacture assump-
tions see Energy Technology Support Unit (1996).

Based on the monitored data, the PV system produces
3093 kWh per vyear, that is around 77 000 kWh in its 25-year
lifecycle.

The Oxford Ecohouse PV system avoids the release of
1.84 tonnes CO, per year. These values can be extrapolated to give
the avoided emissions in the case of a massive programme of
installing PV on residential building. A system one-eighth of the
size of the Oxford Ecohouse would avoid 230 kg CO, per annum.

Table 8.1. Environmental impacts of PV manufacture.

Burden PV (monocrystalline silicon) UK electricity
generation mix

Energy (kWhth kWh™')  0.38 0.61
CO, (g kWh™) 74 672

S0, (g kWh™) 0.43 4.20
NO, (g kWh™) 0.21 2.10
Particles (g KWh™) 0.03 0.32

Table 8.2. Environmental benefits of PV systems

Energy and emissions PV (monocrystalline silicon) UK electricity

generation mix

Total avoided emissions
(in 25 years)

Energy (GWhth) 29 47
CO, (tonnes) 6 52
SO, (tonnes) 0.03 0.32
NO, (tonnes) 0.02 0.16

Particles (tonnes) 0.002 0.02

18
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WHAT WILL IT COST TO USE PV IN BUILDINGS?

Solar electric PV systems are now an economic and viable technol-
ogy in many parts of the world. More than that, they are a sens-
ible economic investment for ordinary householders who want to
begin to protect themselves from future changes related to energy
and the climate. They should begin to consider the following.

e Climate change is driving the move towards carbon taxes that
will make energy more expensive.

¢ Fossil fuel depletion will push up oil and gas prices. We have
around 40 years of conventional oil reserves left and around
60 years of gas left. By 2020 oil and gas scarcity will make
future energy prices very unpredictable.

¢ Climate change may well make heating and cooling our houses
more expensive in energy terms as the climate gets warmer or
colder.

e Security of energy supply. PV systems can provide electricity
during conventionally produced electricity blackouts resulting
from poor supply conditions or bad weather. There are already
a range of uses for which a secure energy supply should be
essential; these include, water pumping, electric garage doors
and gates, lift safety systems, smoke and fire alarms,
emergency lighting and security systems, computer UPS
systems and communications systems.

Investment by people now in their high-earning years in energy
efficiency and renewable energy will pay dividends in, say,
10 years when they retire and must inevitably face higher energy
bills they are less able to afford. Anyone with a £500-a-year
electricity bill would be wise to envisage at least a doubling of
electricity costs in 10-15 years time. Will your pension cover £1000
a year for one bill?

Costs of installing PV systems today vary significantly according
to the technology used, the application and the efficiency of the
system. Capital costs of PV panels are broadly similar to prestige
cladding materials, ranging from £350 to £750 per m? depending
on the technology and its detail. Prices are expected to fall signif-
icantly over the next decade as demand grows and the PV indus-
try achieves economies of scale in production. In parts of Germany
and the USA (Sacramento municipality) the cost of installing one
watt of PV power into a home has already fallen to around £2.75
per watt, which is very low compared with current UK estimates
of £9 per watt for an installed system. In those countries, the
impact of early investment in the technology by national and local
government bodies has paid dividends for consumers while people
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in countries such as the UK have to suffer because of short-sighted
investment policies in this, one of the most important technologies
of the twenty-first century.

Your own investment decision should also take account of the
marginal cost of the PV system (capital cost minus the cost of the
alternative material) and power output. PV systems are not difficult
to install and, if maintained properly (annual washing), have an
expected lifetime of around 25 years.

What is certain is that today PVs should be an essential feature
of a real ecohouse, because ecohouses are setting the agenda for
building in a changing climate and helping to prepare society for
the ‘post-fossil fuel age’. PVs have a very important role to play,
like solar hot water systems, in the new agenda for buildings; the
earliest PV ‘pioneers’ in the twentieth century often installed PV
systems for ecological reasons rather than economic ones.
However, in some farsighted cities, such as Aachen in Germany,
a green tariff on every electricity bill enabled the local utility
company to pay every householder with a PV roof DM2 per kW
exported. This enables householders to pay back the installation
costs in around 10 years for systems that will last for 20 years.

But it is no use placing a PV system on an energy-profligate
building and expecting it to solve the problems wrought by the
building designer. This is just throwing good money after bad.
Forget PV for air-conditioned buildings for the foreseeable future.
PVs will work well with low-speed fan-assisted passive cooling
systems, such as earth-coupling and the night cooling of buildings
(see Chapter 5 on ventilation). To use PVs properly the building
electricity loads should be as low as possible, and only then should
the system be designed to meet part or all of those loads to give
you a magic building that generates its own energy.

ADVANTAGES OF PHOTOVOLTAICS AS A
DOMESTIC SOURCE OF ENERGY

e |t is a clean green energy source. It produces minimal CO,, NO,
or SO, emissions.

® The silicon PV panels are non-toxic in production.

e The energy payback (the time for the PV to produce as much
energy as is required for manufacture) is 2-5 years, while the
working life of a PV panel can be well over 20 years.

e Energy is generated on site so there are very few losses in
transport, unlike remotely generated supplies relying on long
supply lines.

e |t is reliable. Panel warranties are now typically for 20 years.

e They are silent.



e They are low maintenance. Once installed they will simply
require their surfaces cleaning, especially in dusty environments.

e They can provide power in locations remote from the grid.

e PVs are a transportable technology and can be moved between
buildings.

e They can provide power during blackouts.

THE PROCESS OF DESIGNING A PV SYSTEM

There are many different types of PV systems available with differ-
ent features, capabilities and costs. It is important to follow the
steps described here to get the PV system that fulfils your own
particular needs.

Step 1. Choose your system

What type of system do you require? Do you want batteries? Do
you want to power DC or AC equipment? Do you want to grid-
connect the system to use the National Grid as a store so you can
export the excess during the day when you are out at work and
then draw in electricity from the grid when you need it at night?
This is called a grid-connected system. Do you want to use PV and
wind to cover all your power needs? The different system types
are outlined in Figures 8.2 to 8.5.
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Step 2. Determining the average daily sunlight hours at
your site

At the meteorological station closest to your site, look up the
average sunlight hours for each month of the year at your site
location. Determine the Minimum Monthly Sunlight Hours at your
location for the months that you expect to be using the PV system.

The Minimum Monthly Sunlight Hours is the number of sunlight
hours for the month with the lowest average number of sunshine
hours. It is generally best not to consider the winter months among
your months of use when determining Minimum Monthly Sunlight
Hours, even if you are installing a PV system in a permanent
residence, as the number of sunlight hours in these four months
tend to be low. Unless a very large system is purchased, some
form of back-up power, such as a generator or a grid supply, will
be needed for the four winter months. The most frequently used
approach is to design a PV system for a full-time residence to
operate optimally for the eight months of the year when the
sunlight hours are greatest. The month with the lowest number of



sunlight hours out of the eight brightest months is selected as the
Minimum Monthly Sunlight Hours month.

If you definitely do not wish to have a back-up source of energy,
or the sunlight hours at your location during the four winter months
are high, you can use all 12 months to determine your Minimum
Monthly Sunlight Hours.

Divide Minimum Monthly Sunlight Hours by 30 to get the
Average Daily Sunlight Hours.

Note: Keep in mind that the PV array should be located so that it
receives the most hours of sunlight. Avoid obstacles, such as trees
or buildings, blocking direct sunlight.

Step 3. Determining your total daily energy load

Make an Energy Budget Chart as shown below. Begin in the
‘Electrical loads’ column by listing all the devices in your home that
consume electricity. Make sure to include everything from the
hairdryer to power tools.

Energy Budget Chart sample

Electrical loads Rated watts  Hours/day Daily watt hours
Colour television 330 3 990
Microwave oven 1000 0.25 250
Vacuum cleaner 800 0.75 600

The rated wattage of each device can be determined either by
using the list of power ratings of common tools and appliances
given in Table 8.3 to find the typical power consumption values for
common appliances, or by looking at the back panel of each device
to determine its specific rated wattage. If the rated wattage is not
listed on the device, it can be calculated by multiplying the amps
(A) of the device by the voltage (Vac for alternating current and Vdc
for direct current).

Example: if a blender is 2.45 A and 220 Vac, multiply 2.45 A by
220 Vac to get 540 rated watts.

Table 8.3 does not provide rated wattages for refrigerators or freez-
ers. This is because they cycle on and off automatically thus
making it difficult to estimate the hours per day they are operated.
Instead, the table provides the typical daily consumption in watt-
hours. Alternatively, if your refrigerator or freezer has an EnerGuide

Photovoltaics

173



174 Ecohouse: A Design Guide

Table 8.3. Typical power ratings (in watts) of common tools and appliances”

Blender 700 Lighting (60 watt bulb)

Block heater 500 Lighting (fluorescent, 15 cm single ended)
Bubble jet computer printer 40 Lighting (fluorescent, 1.2 m double ended)
Clock 2 Microwave oven

Coffee maker 900 Radio, solid state

Computer/monitor 75 Satellite receiver

Deep well pump 1350 Saw, circular

Washing machine (automatic) 500 Saw, jig

Fan (portable) 115 Vacuum cleaner

Stereo 30 Furnace fan motor

Television (black and white) 200 Gas clothes dryer

Television (colour) 330 Hair dryer

Toaster 1150 Hand drill

Iron 1000 VCR

Laser printer 700 Dishwasher (excluding hot water)

Typical daily electricity consumption (watt-hours) of refrigerators and freezers (pre-1993 and later)

Freezer (15 cu. ft) 2500 1600
Freezer (15 cu. ft, frost-free) 3600 2500
Refrigerator/freezer (12 cu. ft) 2500 1600

Refrigerator/freezer (12 cu. ft, frost-free) 3100 1700

60

50
1000

25
950
400
800
350
250

1500
300
120

1300

"Please note these are approximate values only. For exact numbers, consult the appliance, its accompanying
instructions or the product supplier.

label on the front indicating the number of kilowatt hours (kWh)
the appliance uses per year, or per month, you can use this to
calculate Daily Watt Hours. Divide the kWh value by 365, if it
provides the yearly number, or by 30 if it provides the monthly
number. Multiply the result by 1000 to determine the Daily Watt
Hours of the appliance.

Example: if a refrigerator has an EnerGuide rating of
768 kWh year™, divide by 365 to get 2.104 kWh day™". Multiply
2.104 kWh day™ by 1000 to get 2104 Daily Watt Hours.

Add the Daily Watt Hours for all devices to determine Total Daily Watt
Hours. Divide the Total Daily Watt Hours by an assumed Inverter
Efficiency Factor (see box) of 0.85 to get the Total Daily Load.

PV cells generate direct current (DC) and the PV system batteries
store electricity as DC. Most common appliances, however, require
alternating current (AC). As a result, an inverter is needed to
convert DC to AC power. Some power will be lost in the
conversion, as inverters are on average 75-90 per cent efficient.
For the purposes of this calculation, assume that your Inverter
Efficiency Factor is 85 per cent.
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Total Daily Watt Hours divided by Inverter Efficiency Factor of 0.85
equals Total Daily Load (Watt Hours).

Table 8.4. Typical daily watt hour consumption at hourly intervals in winter

Load type Watts ~ Minhr 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5
Hoover 500 30 250  (once per week only)

Bed radio 7 60 7

Food mixer 100 10 17

Fridge 200 10 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Kitchen radio 7 60 7 7 77

Fax 250 4 17 17 17 17

Game Boy 5 60 5 5

Stereo 200 0

v 64 60 64 64 64 64 64 64

Water pump 50 20

Fire system 50 60 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Boiler 10 60 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Dishwash m/c 1200 20 400

Iron 500 60 500

Kettle 0 20 0 0 0 0 0

Toaster 800 10 133

Washing machine 500 20 167

1st landing lamp 10 60 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Bathroom lamp 10 30 5 5 5

Main bed lamp 13 60 13 13 13

Top landing lamp 10 60 10 10 10 10

WC & wash lamp 10 30 5 5 5 5 5

Kitchen/diner lamp 13 60 13 13 13 13 13 13 13 13 13 13

Study lamp 12 60 1212 1212 1212 .12 1212 .12 12 12 12 12 12 12

Totals 4521 790 103 377 270105 122360 629105 505 135192 130 158224 202 197 210 128 120 103 103 103 103 103

Step 4. Determining the load profile

Once you have made the calculation for the total load draw up a
graph of when those loads will be used. Put hours of the day along
the y axis and the loads on the x axis and plot the hours when
each piece of equipment will be used and the wattage for that
hour. When you have done this, it can be totalled to make a graph
of your projected daily electricity use profile. A load profile such as
this will have two characteristics that are important when design-
ing your system:

e The typical peak load of your house. This is the most electri-
city you will need at one time.

e The typical base load of your house. This is the energy that is
needed constantly for items such as your refrigerator and fax
machine.

Now you have your first load table sit down and go through it and
practice a little of:

¢ Load reducing or shaving. Get rid of all the electric appliances
you think you can do without, can replace with lower-energy
items or simply have less of them. This may include items such
as an extra light in the hall, or four side lamps in the sitting room.
Change all the light bulbs to low energy ones and decide if now



176 Ecohouse: A Design Guide

. Ty
o] TYPICAL WIRTIIE SOLAR OUTLUT WNIER CORSURNT TN

L LE)

‘ B [Lﬂ[ll] | EI&EI[LD il ionmnnn

8.6.
Load profile of the Oxford Ecohouse showing the electricity generated in winter.

is the right time to buy a new low-energy washing machine or
fridge. These actions will reduce the total load of the system as
well as its peaks and base load.

¢ Load shifting. \Where previously you had the washing machine
and the iron on at the same time start a new habit of doing only
one high-energy chore at a time. You will find that your peaks
are often significantly reduced, although the base load and the
total load will not change. This is why in Germany it has been
found that the people who use their PV electricity in homes best
are retired people who are at home all day and can manage their
chores to reduce peak loads.

REDUCING THE LOADS IN YOUR HOME
Reducing loads by low-energy lighting

e Do not over-light the house. Use a careful selection of
background lighting, task lighting and feature lighting to make
sure that you are not wasting money and energy. Light the floor
where you want to walk, not the ceiling, and the desk top
where you want to study, not the walls.

e Use lower general lighting levels.

e Avoid dark lampshades that absorb the light.

e Always use energy-saving fluorescent bulbs that cost more to
buy but work out cheaper in the long run. Traditional filament
bulbs convert around three-quarters of the energy they consume
into heat and not light, which may be good in winter but is silly
in summer.




Reducing loads by careful selection of equipment

Freezers. Get rid of the second freezer and use a chest freezer
if possible, not an upright one from which the cold air tumbles
when opened. Look for low-energy-rated freezers, with thick
insulation around them and good door seals; these can be
checked with a bit of paper at the shop. If the paper slips easily
out of the door when it is cold the door is poorly sealed.
Damaged door seals should be replaced in older models. Do not
site them next to heat sources such as cookers or tumble
dryers. Allow air to circulate freely around the heat exchange
element so heat does not build up around it.

Fridges. Check very carefully for the energy rating of the fridge
and buy the lowest energy fridge you can afford.

Fridges and freezers using CFCs and HCFCs should be avoided.
Look out for hydrocarbon-based models using butane or propane
that neither destroy the ozone nor produce greenhouse gasses.
Disposal of old fridges and freezers should be arranged
through the local council if possible as they may have schemes
to prevent the release of dangerous gases into the atmosphere.
Washing machines should use a hot water supply not heat
their own water, which uses a lot of electricity. They should also
have a half- or low-load setting to save wasting electricity on a
small wash. Side-fill machines use 50-70 per cent of the water
used by top-fill machines and are lower in their energy
consumption as well. Buy a machine with a high spin-speed of,
say, 3000 r.p.m. as these take less time to spin clothes than the
1000/1500 r.p.m. machines.

Spin dryers, where adequate, are much more electrically
efficient than tumble dryers, which dry the clothes with
electrically generated heat. New EU spin dryers will dry clothes
to a 35 per cent moisture content rather than the older models
that retained up to 80 per cent moisture content.

Tumble dryers. Gas models dry up to twice as fast as electric
models and running costs are around one-third of those for an
electric dryer. Good temperature and time controls are essential
to prevent overdrying of the clothes. Much better still, build a
winter drying space for clothes and save yourself lots of money
in the long run.

TVs, radios, music players, microwaves, computers. Check
the plated energy rating on the machine before you buy it and
choose a low-energy model.

Kettles. Choose gas for your kettle, if possible, because o