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ABSTRACT: The Engineering and Science Research Council of the UK, who are the major funding 
agency for new scientific research, once said that nothing could be learned from a single 
demonstration project. Experience, however, with real projects that attempt to further knowledge about 
buildings and environment suggests that they are significant aids to teaching, and students become 
enthused because they see teachers engaged with what they perceive as ‘real’ research. This paper 
proposes that teaching based on first hand experience of environmental technologies offers significant 
advantages for enthusing students about the issues involved. Three examples will be discussed; two 
high mass highly insulated houses in the UK; and a house designed to gain all its electricity from a 
photovoltaic roof in NZ. For each case what can be learned from single examples in terms of the 
teaching of environmental science and construction to architectural students will be discussed. 
Conclusions will then be drawn about what can be usefully learned from single projects. 
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INTRODUCTION 

 
As architects it is difficult to gain research funding for 
constructing and monitoring actual buildings, however, 
innovative these may be. One of the reasons given for 
this difficulty is the fact that it is not possible to learn 
much from a single building. This leaves two options, 
trying to persuade clients to invest money in untried 
design or borrowing money to build an experimental 
building for oneself. As the examples below reveal, if 
architects build for themselves first this can lead clients 
to follow. In a degree subject, such as architecture, 
which by definition has to be research led, the lack of 
funding means that learning from buildings cannot be a 
primary research activity. This seems a great pity, as 
there is much that students can gain from contact with 
real building projects that attempt to do something other 
than the conventional, as this paper will attempt to show. 
Three schemes are discussed. All attempt to increase 
knowledge of making and operating sustainable 
buildings. All have been used in teaching. 
 

1. THE AUTONOMOUS HOUSE 
 
This first example of a more "sustainable" building was 
built in 1993 in a designated Conservation Area near the 
centre of Southwell, a small town in Nottinghamshire, 
England. The site was a piece of an existing garden and 
has a total site area is about 600m

2
. The site has an 

annual rainfall of about 570 mm. (Page et al eds. 
1986:245). Other details of the site (latitude, degree 
days, annual sunshine hours) are given in Table 1. The 
house is designed to be self-sufficient in energy, water 
supply, sewage treatment and waste water disposal, and 
is connected to no mains services except the telephone, 
and electricity, so that it can export surplus solar power 
to the National Grid. None of these aims could be said to 
be new. Many rural houses have existed independent of 
water and sewage reticulated services. Houses have 
also been built which generate all their own power from 
renewables, such as the earlier Vale house conversion 
near Ely, Cambridgeshire, which gained its energy from 

a 5 kW Swiss aerogenerator (Vale 1976) However, what 
was new was the attempt to make a house that required 
no auxiliary heating in the UK climate and that also 
collected renewable energy in the middle of a small 
town. This required revision of all details for walls, roof, 
floor and windows. Although a 600m2 site is generous by 
UK standards, this was the smallest UK site to attempt to 
process its own wastes since Graeme Caine’s Ecohouse 
(Harper et al eds. 1976:170-1) The Autonomous House 
also had to fit in with the buildings around it. The aim 
was to make a house that would last for 500 years, and 
hence it was to be as traditional as possible.  
 

Table 1: Table of comparative 
weather data 

 la t i t ude  
annual heat i ng 

degree days  to 18oC  

annual 
suns hine hours  

Not ts ,  UK 53 05 N 3344 1296 

Auck land NZ 36 51 S 1151 2102 
Source: (Page  et al eds.1986:176, 245; Ministry of Transport 1978:159; 
Government Printer, Wellington and Ministry of Transport undated:177) 

 

1.1. Construction 

In addition to minimising the environmental impact of its 
operation, the Autonomous House was designed to 
minimise the impact of its construction. For example, the 
excavations were backfilled with broken brick from 
nearby demolition sites, rather than with newly-dug 
stone; the concrete blocks for the cellar were made of 
waste ash from the local coal-fired power station; the 
driveway was made of mining waste; the porch was 
roofed with recycled slates and the bricks for the external 
walls were fired with landfill gas from decomposing 
garbage. Lime whitewash was used internally and 
German organic stain externally in place of conventional 
paints. None of the timber used had any preservative 
treatment, and internal woodwork was left completely 
unfinished. The choices of internal finishes were made to 
reduce the possibility of poor indoor air quality due to the 
off gassing of solvents and other paint components. 
Externally, stain was used only where absolutely 
essential for protection. All heavy materials were sourced 
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from as close as possible to the site to minimise 
transport energy demands. 
The Autonomous House is traditional in construction and 
appearance, in keeping with its historic setting. Living 
rooms are placed upstairs to gain better daylight above 
the dense planting on the site perimeter, with bedrooms 
and bathrooms on the ground floor. The floor area of the 
heated space is 176 m

2
, but the total area of the house, 

including a full cellar and a double height double glazed 
conservatory, is 290 m

2
. The total cost of the house, with 

all its servicing systems but excluding the land, was, at 
the time of construction, approx NZ$400,000. This cost 
was comparable with that of a conventional house of 
similar size, but it should be noted that houses in the UK 
tend to be smaller than either of the examples here.  
The embodied energy of a low energy house may be 
greater than that of a conventional house, due to the use 
of increased levels of fabric insulation, high mass 
construction, advanced glazing, etc. In an attempt to 
reduce the impact of the embodied energy on the 
lifecycle impact of the building it is beneficial to design 
for a long life. This meant the house was detailed to 
minimise maintenance, with no exposed external 
woodwork except the window frames, and the exterior is 
built entirely of fired clay bricks and tiles, with copper 
guttering and downpipes. The idea of a house that lasts 
500 years is not unreasonable in Southwell, which is 
dominated by the 1,000 year old Southwell Minster, a 
Norman cathedral still in daily use for the purpose for 
which it was built. 
The Autonomous House was deliberately designed to be 
thermally heavy, but the thermal mass is achieved by 
using the basic elements of construction, without 
increased thicknesses beyond those needed for 
structural reasons. The principal mass strategies are to 
make the inner leaf of the external brick cavity walls out 
of dense concrete blocks; to use dense blocks for the 
loadbearing internal walls, and to make all the floors of 
concrete, using a standard prefabricated beam-and-
block system. Masonry cavity walls are the norm for UK 
house construction, as are concrete ground floor slabs. 
Table 2 below shows the masses of the various 
elements and their thermal storage capacity. 
 

Table 2: Thermal mass in the 
Autonomous House 

element  mass  the rmal s to rage 

concrete floors   51.5 tonnes 14.2 kWh/K 
wooden roof decking    5.5 tonnes 4.2 kWh/K 
exterior walls   35.7 tonnes 10.0 kWh/K 
internal masonry walls   34.0 tonnes 9.5 kWh/K 
internal wooden partitions    0.4 tonnes 0.4 kWh/K 
total for house 127.1 tonnes 38.3 kWh/K 

0.72 kg/m2 0.22 kWh/K/m2 (0.78 MJ/K/m2) 

 
1.2. Servicing 
The mass is made relevant by the fact that the house is 
extremely highly insulated (for example, 500 mm thick 
roof insulation, triple glazed low-emissivity windows with 
krypton gas filling) to retain heat in the building fabric and 
to make use of incidental heat gains from the sun and 
the occupants. Space heating is the major energy use in 
an average UK house, with a seven month heating 
season, running from the beginning of October to the 
end of April. The high insulation levels in the 
Autonomous House give a total specific heat loss 
(including ventilation) of 110 Watts/K, or 0.63 W/m

2
K 

(0.26 W/m
3
K). A small 4.5 kW woodburning stove is 

provided in the ground floor hall as a source of auxiliary 
heating, (in January 1996 there was a period of three 

weeks when the sun did not appear at all) and to provide 
a focal point at the entry. 
The Autonomous House provides its own servicing in 
spite of its urban setting. Rainwater is collected from the 
house roof and that of the conservatory to form the only 
water supply. This water is stored in 20 recycled Israeli 
bulk orange juice tanks, each holding 1,500 litres, in two 
of the four bays of the cellar. It is filtered before being 
pumped to the house, and wastewater (containing only 
soap) is allowed to seep back into the soil via an 
underground soakaway pit. Water demand is reduced by 
the use of a waterless composting toilet serving the two 
bathrooms, meaning that no sewer connections are 
needed.  
Electricity is generated by thirty-six 60 Watt Solarex 
polycrystalline photovoltaic panels mounted at a slope of 
45 degrees and facing due south (because the site is in 
the northern hemisphere) on a pergola of untreated 
English oak running across the rear garden. The 2.2 kW 
panel array is grid-linked through a German SMA 1.8 kW 
inverter, so that surplus solar electricity can be supplied 
to the local community, and power can be drawn from 
the grid at night or on overcast days. Inverter undersizing 
relative to array size is recommended in the UK for 
maximum efficiency because there are very few days 
when the array will give its full power. The Autonomous 
House was the first grid-connected solar house in the 
UK. The whole pv system including the inverter and 
installation, cost about NZ$40,000 (10% of the cost of 
the house) and it is included in the cost of the house 
given above. This cost is comparable to that of a medium 
sized car, and it is not directly cost-effective compared to 
the present price of electricity. However it can be pointed 
out that the photovoltaic panels have a 20 year 
guarantee so they could be considered a better 
investment than a car for the same money. 
 
1.3. Performance 
For the year beginning July 28, 1994 (when the pv array 
was first switched on) the Autonomous House used a 
total of 3,115 kWh/year of electricity, of which 1,615 
kWh/year was generated from the photovoltaic array; a 
yield of 748 kWh per kW of array capacity. This is in 
spite of three weeks of grid over-voltage in May 1995, 
which caused the inverter to shut down. Electricity is 
used for water heating, cooking, lights and appliances 
and water pumping and sewage treatment. A "typical 
household" in the UK uses 3,000 kWh of electricity per 
annum for lights and appliances alone. (Boardman 
1995:2) The Autonomous House, by comparison, uses 
only 8.5 kWh/m

2
/year of non-renewable energy for its 

total energy needs, which represents 1,500 kWh of 
mains electricity, the remainder being derived from the 
pv array.  
Over the winter of 1994-1995, from the end of October to 
the end of February, the house used 315 kg of wood for 
space heating, which represents about 1,400 kWh of 
delivered energy, or about 8.0 kWh/m

2
 of heated area. 

The temperature in the living room reached a low of 16
o
C 

in mid-January, 1995, and then rose to a maximum of 
27

o
C in the very hot August of 1995. The temperature in 

the principal bedroom never rose above 23
o
C over the 

same summer period.  
 
1.4. Contribution to Teaching 
The construction methods used formed the basis of 
discussion in construction lectures. In the UK the need to 
avoid cold bridging is important and the design of high 
mass and high insulation details to achieve this can be 
compared with conventional construction methods. This 
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engages the student not in being told what to do when it 
comes to the construction of the wall, but in considering 
how that construction has been changed to achieve 
another goal. This is putting the student in the position of 
having to think through the details, which is the most 
useful skill for any architect. What is being learned from 
a single building is not what to do to achieve zero 
heating in the UK climate but how to think about 
designing for zero heating. What parameters are 
important? What must be considered? What is 
expensive? What is easy to construct on site? The fact 
that the plan of the Autonomous House was based on a 
repeated bay construction saved money because there 
was only ever one length of precast concrete floor beam 
to deal with.  
Although it was not possible to obtain funding to monitor 
the Autonomous House because the finding body said 
nothing could be learned from a single example, some 
measurements were taken and these were also useful in 
teaching. The winter heating performance was compared 
with theoretical comfort targets:  

It is generally accepted and axiomatic that the design of a 
building must suit the climate. Climatic design must start with 
the setting of appropriate design indoor conditions. A 
progressive school of thought recognises that the 
temperature perceived as comfortable varies with the climate 
and with the season. The theoretical 'neutrality temperature', 
the mid-point of the comfort zone, can be found as: 
Tn =  17.6 + 0.31 x Tav 
where Tav = mean outdoor temperature of the month; 
provided that the result is between 18.5 and 28.5

o
C (some 

authors suggest 17 and 30
o
C as the limits). 

The width of the comfort zone can then be taken as 4 
degrees, ie from Tn - 2 to Tn + 2

o
C. Setting the indoor design 

temperatures in this way would already lead to energy 
conservation. (Szokolay 1992:43) 

The figures given here would suggest a possible lower 
limit for the comfort zone of between 15 and 16.5

o
C. 

Szokolay's formula can be used to calculate a set of 
monthly comfort temperatures for the autonomous 
house, using the temperature data for the autonomous 
house site, as shown in Table 3 below. 
 

Table 3: Monthly 'neutrality temperatures' 
for the Autonomous House (winter only 

1995-1996) 

month Tav Tn Tn–2 

ave rage re co rded 
in l iv i ng room for 

month 

Oct 10.7oC 20.9oC 18.9oC 22.4oC 
Nov 6.5oC 19.6oC 17.6oC 18.3oC 
Dec 4.5oC 19.0oC 17.0oC 18.0oC 
Jan 3.3oC 18.6oC 16.6oC 17.7oC 
Feb 3.5oC 18.7oC 16.7oC 17.7oC 
Mar 5.7oC 19.4oC 17.4oC 17.3oC 

 
Showing how a concept of neutrality temperatures can 
be used to investigate the comfort of a house with no 
fossil fuel energy input demonstrates that environmental 
science can have direct applications for real buildings, as 
in terms of Szokolay's criteria, the Autonomous House is 
meeting adequate comfort standards. It is this use of 
scientific concepts on an unusual building, with results 
that cannot be found in textbooks, that can make 
environmental science more of a voyage of discovery for 
the student. The same idea can be applied to the overall 
results of the Autonomous House. 
The overall performance figures of the Autonomous 
House can be compared to an average UK house as 
shown in Table 4 below. 
 

Table 4:Annual delivered energy and water consumption 
 Autonomous Hous e UK ave rage 

floor area 176 m2 82 m2 
space heating 1,400kWh (8.0kWh/m2) 12,900kWh (157.3kWh/m2) 
water heating 1,900kWh (10.8kWh/m2) 5,700kWh (69.5kWh/m2) 
lights, appliances, 

cooking 
1,200kWh (6.8kWh/m2) 3,000kWh (36.6kWh/m2) 

total consumption 4,500kWh (25.6kWh/m2) 21,600kWh (263.4kWh/m2) 
renewable energy inputs  
wood 1,400kWh (8.0kWh/m2) nil 
solar electricity 1,600kWh (9.1kWh/m2) nil 
total non-renewable 

energy 
1,500kWh (8.5kWh/m2) 21,600kWh (263.4kWh/m2) 

water use  34 litres/head/day 160 litres/head/day 
Source: Shorrock et al 1992; Bell et al 1994:12; Field 1998:22-4; Twort et 

al 1993:6 

 
The carbon dioxide emissions from the Autonomous 
House relate only to its mains electricity use, (it also 
uses a few hundred kg of wood, but wood is a net zero 
CO2 fuel) and amount to 5.0 kg/m

2
 per year, (885 kg for 

the whole house) compared to a conventional UK house 
which will have a CO2 emission of around 100 kg/m

2
 per 

year (8,200 kg) (Evans 1997: Prior et al 1991:6) The 
planned installation of a heat pump for domestic hot 
water supply, taking heat from the exhaust air of the 
sewage composter, would reduce the annual CO2 
emission and the annual fossil fuel consumption of the 
Autonomous House to zero. However, domestic hot 
water heat pumps were not available in the UK at the 
time the house was built, so this piece of equipment has 
not yet been fitted. This information was used with 
students as a background to discussion of what the aims 
should be in making sustainable houses. This goal will 
be impossible to achieve without setting targets against 
which to measure building performance achievement. 
Using energy and CO2 as measures makes students 
realise the importance of doing energy calculations to 
see whether a building is likely to meet its targets. The 
importance of post occupancy evaluation is also 
stressed.  
 

2. THE HOCKERTON HOUSING PROJECT 
 
The first group of autonomous houses to be built in 
Britain has been built at Mystery Hill, Hockerton, about 5 
kilometres north of Southwell. The houses are owned by 
a cooperative, and rented to the individual members, 
with a series of constraints written into the leases 
covering such matters as the number of fossil fuelled 
vehicles (one vehicle only, of any type) that may be 
owned by each household. Energy, water and sewage 
treatment are provided by autonomous zero carbon 
dioxide systems. Food is grown on site using 
permaculture techniques. The project, which was 
instigated by Nick Martin, the builder of the Autonomous 
House at Southwell, and designed by Brenda and Robert 
Vale, consists of five earth-sheltered single storey 
houses set into a slight south slope on the edge of the 
small village of Hockerton.  
 
2.1. Description 
The houses were based on a simple modular bay 
structure repeated to form a continuous terrace for ease 
of construction and minimisation of cost. They are of very 
high mass construction with 200 mm thick concrete block 
crosswalls on a 300 mm thick loadbearing concrete slab, 
and a concrete beam-and-block roof at a 10 degree 
slope. The external walls are 500 mm thick, using 
concrete blockwork as a formwork to contain mass 
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concrete. The concrete structure is surrounded by a 
welded membrane of pure polyethylene, and insulated 
with 300 mm thick expanded polystyrene, which also 
extends under the whole floor slab. Topsoil 400 mm thick 
covers the roof. The north side of the houses is buried in 
the ground, as are the ends of the terrace. The buried 
construction reduces weathering effects on the insulation 
and waterproofing membranes, and should lead to a long 
life for the structures, which are inherently very durable.  
Each house is in the form of a long thin rectangle facing 
the sun. The house is 6 metres deep and about 19 
metres long. The plan gives all rooms direct exposure to 
the sun. The south (sun facing) side of the houses is 
open, with each room having a French window 3 metres 
high, triple glazed with low-emissivity glass and argon 
gas filling. The French windows give into a conservatory 
glazed with double low-e glazing. A typical house has a 
floor area of 122m

2
, plus a conservatory of 47m

2
. The 

plan is arranged to provide three bedrooms, a bathroom, 
living room, kitchen/dining room, hall and storage, plus a 
porch and wc.  
 
2.2. Performance 
The houses are designed to need no space heating. The 
insulation and the thermal mass, coupled with the gains 
from the conservatory and the buffering effect of the 
earth sheltering provide comfortable conditions. A heat 
recovery ventilation system using energy-efficient 12 Volt 
dc fans allows airflow through each house to be 
maintained as necessary without excessive heat loss, so 
that a ventilation rate of 0.5 air changes per hour will 
have the heat loss potential of only 0.15 air changes per 
hour thanks to the 70% efficiency of the heat exchanger. 
In summer, excess heat from the conservatories is 
vented passively through large opening windows in the 
roof, combined with opening windows in the glazed 
walls. 
Domestic hot water for each house is provided by an air-
to-water heat pump which uses the air from the 
conservatory, pre-heated by the sun, for its heat input. 
The heat pump feeds a 1,500 litre insulated hot water 
store, so it can be run at periods when solar gain is 
highest to maximise the coefficient of performance. The 
heat stores are situated in the back of each house so 
that any heat losses can contribute to the heating of the 
space. 
The thermal mass of the Hockerton houses is about 2.3 
tonnes per square metre of heated floor area (excluding 
the conservatory), (compared with 0.7 tonnes/m

2
 for the 

more conventional Southwell Autonomous House), 
giving heat storage of 0.6 kWh/m

2
K (2.3 MJ/m

2
K). Lund 

(1993) said that a superinsulated house in northern 
Europe needs 100m

3
 of concrete to provide sufficient 

thermal storage to achieve zero heating without solar 
components. In a typical UK size house this would result 
in storage of about 2.0 MJ/m

2
K, so the Hockerton houses 

have exceeded this target and can achieve comfortable 
conditions with no additional heat input. The houses 
were first occupied in December 1997, the middle of the 
northern winter, and temperature measurements in the 
first occupied house showed a minimum of 16

o
C, with 

the average indoor temperature rising steadily as the 
winter ended. Given that the high mass concrete 
construction did not dry out for at least a year, and given 
that there is no heating system in the houses, this is an 
impressive performance. Summer overheating was not a 
problem in the 1998 summer. The average internal 
temperature for November 1998 (recorded in the living 
room of one of the houses at 8.00 am each morning) 
was 20.6

o
C. This can be compared with the average 

November temperature of 18.3
o
C for the lower-mass 

Autonomous House from Table 3. 
 
2.3. Renewable Energy Supply 

Electricity supply for the five houses comes from a grid-
connected wind turbine with a rated output of 5.5 kW. 
This was the subject of a separate planning application 
which took four years to be approved. The wind turbine 
is supplemented with a 7.5 kW array of photovoltaic 
panels.  Annual output from the wind turbine is estimated 
to be 8,250 kWh and from the photovoltaic panels a 
further 6,400 kWh, giving a total of 14,650 kWh. The 
target electricity consumption for each house was 8 kWh 
per day or 2,920 kWh per year. The annual measured 
electricity consumption for a family of four in the 
Autonomous House was 3,115 kWh without the use of a 
heat pump for hot water provision, so the Hockerton 
target should be feasible, The target represents a total 
energy demand for the five houses of 14,600 kWh It is 
likely that this will be achieved only by careful energy 
conservation on the part of the residents, but they are 
committed to the project and are likely to achieve the 
target. The Hockerton houses were measured soon after 
they were built as using approximately 4,000 kWh per 
annum, per house. (BRECSU 2000: 5) This would give a 
total consumption of 20,000 kWh per year. Current plans 
are to install a second wind turbine, of similar size to the 
first one, in order to provide surplus power for a new 
building planned on the site, and to ensure that there is 
also electricity to charge the group's shared electric car 
(a Peugeot 106).  
The cost of the houses was about NZ$270,000 for the 
basic structures and the water, sewage treatment and 
energy supply systems. This makes a cost per square 
metre of usable floor area of $1,600 which seems 
reasonable for a house with no running costs. In fact the 
cost of the Hockerton project is comparable to that of 
conventional housing in the UK. (Michaelis et al 1998:49) 
The additional insulation and energy measures are 
affordable because they remove the need for a 
conventional central heating system, which would cost 
several thousand dollars in a normal UK house of this 
size.  
 
2.4. Contribution to Teaching 

The results from the Hockerton scheme were used in 
construction and environmental science teaching as 
described above for the Autonomous House. In 
particular, the use of high mass and highly insulated 
construction has been shown to be impossible to model 
for the average modeller using conventional software. 
(Mithraratne et al 2004) This is a case where the actual 
results have led to further investigation of how to model 
behaviour. One off shoot has been the proof of a rule of 
thumb for designers. The level of mass will determine the 
damping of the internal temperature swing, irrespective 
of the insulation level. In contrast the level of insulation 
determines the average internal temperature irrespective 
of mass. (Mithraratne et al 2003) Using both together is 
essential to achieve houses with internal comfort and no 
fossil fuel heating in both the UK and NZ climates. 
However, the Hockerton houses have also been used to 
discuss community based issues, particularly that of 
transport. Looking at total CO2 emissions including 
transport for the Hockerton settlement, makes clear the 
contribution that buildings can make. For a country like 
New Zealand, the reduction of energy use in 
transportation is a far more serious problem than the 
reduction of domestic energy use. However, because the 
latter is easier to do, it makes clear the responsibility of 
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architects where the aim has to be to minimise energy 
use in every new and converted building, not just those 
which attract the label of being sustainable, otherwise 
the problem is perpetually increasing. 
 

3. 20 KARAKA ROAD 
 
The two projects in the United Kingdom described above 
are new buildings, but worldwide the existing stock of 
buildings presents a far greater challenge for increasing 
sustainability. The building and construction sector is 
now increasingly known as the “40% industry”: 40% of all 
energy and material resources globally are used to build 
and operate buildings; 40% of CO2 releases come from 
building construction and operation; and 40% of total 
wastes result from building and demolition activities. 
(IETC 2001) The rate of new construction creates a 
small part of the total stock of buildings each year. Even 
if all new buildings were to be built in a way that made 
them totally sustainable (however that might be defined), 
nothing would have been improved. It is only by 
modifying existing buildings that it will be possible to 
effect improvements in sustainability at a national or 
global level.  
In order to see some of the implications of making 
existing buildings more sustainable, conversions are 
being carried out to an existing single storey three 
bedroom house on Waiheke Island, in the Hauraki Gulf 
off the coast of Auckland, New Zealand. The floor area of 
the house is 91m

2
. At the time of purchase the cost of 

the house was equal to the median value of a house in 
the Auckland area, making it representative of the 
“average New Zealand house”. Waiheke Island has a 
population of about 8,000 people but it has no mains 
water or sewerage system, so all houses obtain their 
water supply either from a tank to collect rainwater from 
the roof, or from a borehole. The house at 20 Karaka 
Road has a 25,000 litre rainwater tank. Sewage is 
treated in a conventional septic tank, with the overflow 
running to a large area (500 m

2
) of native bush land.  

The house is built of light timber framed walls, with a 
timber floor and timber roof trusses. This form of 
construction is common to by far the largest majority of 
New Zealand houses. The walls, of 45mm x 90 mm 
framing, are lined internally with plasterboard and 
externally clad with profiled steel sheet, and they 
incorporate 90 mm thick glassfibre insulation. The floor, 
of 19 mm chipboard on timber joists, is insulated with 
reflective foil. The roof trusses support a shallow pitched 
roof covering of profiled steel sheet, and there is 100 mm 
thick glassfibre insulation laid on the flat plasterboard 
ceiling. The windows and doors are all aluminium framed 
and single glazed. 
 
3.1. Possible Improvements and Teaching 

Contribution 
To increase the insulation and overall energy 
performance of this house is possible, but there are only 
certain things that can be done without needing a 
complete reconstruction, which is deemed inappropriate 
given that the house is only three years old and in good 
condition. The project is therefore designed to 
investigate only things that could be added to the house 
with minimum disturbance. This has meant that this 
house has been used as a simple steady state modelling 
exercise for students to determine what should be done. 
The following were the recommendations. 
Roof insulation will be added to increase the R value 
from 2.4 to 4.8 and insulation under the existing timber 
floor will increase the R value to 4.8. Both these 

measures can be carried out without disturbance to the 
house, as the roof and floor voids are easily accessible, 
whereas to increase the wall insulation would require 
removal of interior or exterior linings, which would be 
both expensive and disruptive to the occupants. 
Insulated shutters will be fitted to the interior of existing 
windows to increase insulation value at night. This 
measure will reduce heat loss through the glazing during 
the night, when it is most critical in a house of low 
thermal mass. Houses in the Auckland area tend to be 
adequately warm during the day but cool rapidly when 
evening falls because they have little thermal mass to 
store the solar gains received during the day. The use of 
insulated shutters which can be closed across the 
windows at night to reduce heat losses is likely to be 
cheaper than the replacement of the existing windows 
with double glazed ones. 
It is estimated that the Space heating load of the house 
will be reduced to approximately 2,000 kWh per year by 
the use of these measures, from an estimated current 
total of 3,300 kWh 
Installing a solar water heating system will reduce the hot 
water energy demand from the current estimated figure 
of 3,300 kWh per year to approximately 1,000 kWh.  
Replacing all lights with compact fluorescent lamps; 
providing an ultra-low-energy refrigerator-freezer; and 
washing all laundry in cold water using a low-water use 
front loading washing machine is estimated to reduce the 
lights and appliances load of the house from the current 
estimated figure of 3,300 kWh per year to 2,000 kWh.  
Total energy demand for the house after the 
implementation of all the energy conservation measures 
described above is expected to be 5,000 kWh per year. 
Such an approach means students can follow the 
monitoring of the measures suggested and compare 
these to modelled estimates. Carrying out the details, 
again gives an area for discussion of appropriate details. 
 
3.2. Renewable Energy Supply 
This is provided by a solar photovoltaic system installed 
on the existing north facing roof. The photovoltaic system 
comprises 36 monocrystalline photovoltaic panels, each 
of 120 Watts nominal output, giving a total array size of 
4320 Watts. The panels are arranged in two strings, 
each of 18 panels, and each connected to a 
synchronising inverter. Both inverters are linked to the 
electricity grid through import/export meters, so that the 
house can draw electricity from the grid at night, and 
export surplus solar power during the day. This system 
both avoids the use of batteries, which are highly toxic, 
and also makes maximum use of all solar power that is 
generated. In New Zealand, which obtains roughly 70% 
of its electricity from hydroelectricity, the lakes that feed 
the hydroelectric generating stations can serve as 
storage "batteries" in the system, storing water so that 
power can be generated when the solar energy input is 
insufficient. The financial cost of all the alterations to the 
house will represent about 20% of its current value. 
However, because the house will be rented, the cost can 
be written down over the life of the solar panels, ensuring 
there are savings to replace them at the end of their life. 
At present private owners are not able to do this, which 
raises questions about the tax structure of renewable 
energy supply. 
 

4. CONCLUSIONS 
 
A single building will obviously not give the same results 
as monitoring a large sample of the same building type 
occupied by a cross section of society. However, the 
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single building can be used as an adjunct to teaching to 
give the theoretical a basis in reality. It is probable that 
the students who helped Graham Caine assemble his 
Ecohouse learned more from handling one real building, 
even if that building was never replicated, than from only 
considering the same ideas theoretically. Although 
insurance conditions now make it very difficult for 
students to become builders on such projects, using data 
and examples from the real world, that they can go and 
see, is an essential way of challenging why things are 
done, rather than accepting what is done. Here, a single 
building is an effective tool, and much can be learned. 
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