
 

 
 

 
                                   

Summary 
(See also graphic overleaf showing the key design features 
of a HHP home and how it keeps warm compared with a 
more typical home) 

The Hockerton Housing Project (HHP) is an 
innovative residential sustainable development. 
It was designed as the first zero energy 
residential site in the UK, reducing life cycle 
energy to a minimum (see Appendix 1). The 
houses are earth covered and have passive solar 
heating without a space heating system.  
Space heating relies totally on heat from solar 
gain and gains from occupation. The heat is 
stored in the mass of the buildings (e.g. concrete 
blockwork) and released when the air 
temperature drops below that of the building 
fabric. The elevation with a ceiling angling 
upwards towards the front makes good use of 
low winter sun penetrating to the back of the 
dwellings. This design provides good internal 
daylighting as well as maximising passive solar 
gain through the conservatories. The trees on the 
southern boundary are all deciduous reducing 
blocking sunlight once they lose their leaves in 
autumn. During the summer, shading is created 
within the homes due to the high angle of the sun 
- this reduces thermal gain and brightness inside, 
when it is least wanted. The earth sheltering, 
with a minimum of 400mm of soil on the roof, 
provides protection from the dominant cold 
north-easterly winds during winter. 
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How do the HHP homes reduce heat loss to 
keep warm?  

• Buffer zones provide a reduced temperature 
gradient between the inside and outside of 
homes.  A conservatory buffers the front wall 
and the porch reduces heat loss from main 
entry/exit point. 

• Earth-sheltering - As the soil temperature 
will only drop to 5-6oC at worst, the 
maximum temperature difference will be 
around 12-13oC. 

• Super-insulation used to all external 
surfaces of the house (150mm in front wall 
cavity and 300mm of polystyrene 
everywhere else) (see Factsheet: 
Construction) 

• High specification glazing with very low 
heat loss specifications - (see Factsheet: 
Construction) 

• Air-tightness of homes very high to reduce 
heat losses through building fabric (see 
Factsheet: Ventilation) 

• Ventilation heat losses are minimised by 
using mechanical ventilation units with a heat 
recovery system that recovers up to 80% of 
heat from outgoing air to pre-warm incoming 
fresh air. (see Factsheet: Ventilation) 

Other key energy efficient measures 
• Passive solar gain maximised to reduce 

space heating and lighting (see Factsheet: 
Location) 

• Use of heat pump technology to heat hot 
water combined with a large well insulated 
heat store (see Factsheet: Hot water) 

• Use of energy efficient/ low energy 
appliances and light bulbs 

• Reduced need for artificial lighting through 
large south-facing windows.
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Lounge with large south-facing windows opening out into 
conservatory permitting winter sunshine deep into the room 

 

Key facts! 
 Thermally heavy construction 
 Zero heating standard (see  

Appendix 1for definition) 
 Average energy use/day:                                   

8 to 11kWhr/day  
 Very stable diurnal temperatures 

ranging annually from 18 to 22oC 



 

 

 



 

Thermal design calculations and predictions
Thermal design calculations were done by the 
architects, Prof. Brenda & Dr Robert Vale. 
Lightweight or Heavyweight 
The first decision in the design of an autonomous 
house is whether the building should be 
thermally lightweight or thermally heavy. The 
advantage of thermally lightweight construction 
is that it allows a house to be heated quickly 
when heat is applied. A typical lightweight 
construction would be a timber frame with 
insulation between the studs and inner lining of 
plasterboard. Because little heat is stored in the 
materials of which the house is made, the 
building will heat up quickly; as the thermal 
capacity is low, the majority of the heat input 
will go into warming the space. When the heat 
input ceases the space will cool rapidly as there 
is no stored heat to temper it. Furthermore, the 
lightweight house can tend to overheat if it 
admits too much solar radiation on account of 
its design, or if the gains from the occupants is 
excessive, as there is no spare thermal capacity 
to absorb the surplus gains, and the effect of the 
heat input is to raise the temperature of the 
space. 
In a thermally heavy house, typically constructed 
(in the UK) with a dense concrete block inner 
leaf to the wall, cavity insulation and masonry 
outer skin, the blockwork acts as a heat 
reservoir, with the capacity to absorb 
considerable heat gains without raising the 
temperature of the air space. When the heat 
source is applied, the structural mass 
surrounding the space takes a considerable time 
to heat up, and the space is slow to warm. When 
the heat source is removed, the mass cools down 
slowly, releasing heat which maintains the 
temperature of the space it encloses…..It follows 
that the thermally heavy space is better able to 
make use of solar and other passive heat gains 
than the thermally light space. 
The typical UK house, with a carpeted concrete 
ground floor slab, aerated concrete block inner 
leaf to cavity walls and timber/plasterboard first 
floor, could be described as a mid-mass house. It 
would be expected to fall between the low-mass 
timber-frame and high-mass masonry examples. 
(Ref: The New Autonomous House (Brenda and 
Robert Vale) 

 

The approach for the HHP homes has been to 
adopt a thermally heavy construction to store 
heat. Super-insulation and air-tightness measures 
also help to lock in much of the heat gain (see 
graphic on opposite page). This design approach 
seemed essential to achieve the zero space 
heating requirement. It is the mass that enables 
the homes to survive the coldest periods without 
recourse to external energy sources. Masonry 
houses also have the added benefit of the 
familiarity of UK contractors making them more 
practical and usually cheaper to build. 
Heatlosses 
As part of the BRESCU monitoring of the 
project predictions of heat losses and gains were 
made. This section refers to a number of 
appendices that provide greater depth of detail 
for associated calculations. Worst case 
conditions are now considered to obtain 
theoretical thermal performance. 
Benchmark  

In the HHP homes, each square metre of floor is 
associated with 4.6m2 of concrete surface (see 
Appendix 2) with an average thickness of 
300mm. This compares with a 1m2 in an open 
plan office (usually carpeted and therefore 
insulated in the wrong place!) of exposed soffit 
ceiling with typical thickness of less than 
100mm. Thus the HHP homes there are many 
days worth of stored heat or cooling effect 
present.  

Maximum likely heat losses 
Total stored heat      = 66kWh/K (see App.3) 

Maximum heatload  =  
Fabric losses (see App.4) + Ventilation load (see App.5) 

       = 1923W + 332W  
       =  2255W = 2.255kW 
      Or 2.255kW*24h/day = 53kW/day 

This indicates that the concrete temperature will 
only drop by 1K over nearly 2 days, assuming no 
heat inputs. Not all the heat stored would be 
available, especially that deep in the rear wall to 
roof and floor corners and heat flows will not all 
be linear. Whatever the nuances, the maximum 
steady-state heatlosses are very small. 
HHP own calculations based on seasonal 
averages and over six winters of experience of 
living in the homes is that heatlosses are half 
to two-thirds of these figures. 
 



 

Heat transfer  

The rate of heat transfer between air and 
concrete (either way) depends mainly on the 
turbulence of the air on the surface. In 
imperceptibly still air, with a velocity of below 
0.1m/s, the convected heat transfer coefficient, 
hc, is around 3W/m2K. The surface area of six 
bays is 492m2 (see Appendix 2) which gives a 
heat transfer rate of 1.5kW/K which compares 
well with a maximum load of 2.255kW. With 
even quite small heatgains the normal heatloss 
will be readily met most of the time. 
Fabric heatlosses  

The maximum fabric heatlosses of 1923W (see 
Appendix 4) would be relevant for much shorter 
time periods than for normal buildings. For 
example, while the external air temperature often 
reaches freezing point or below, the roof surface 
would only reach this temperature after 
prolonged continuous frost or when soaked with 
meltwater. Also frost conditions are normally 
due to clear sky, which gives daytime solar gain 
which can be captured and stored by these 
houses – prolonged freezing periods with cloud 
are rare in the UK. The front wall losses to the 
conservatory will rarely be as high as calculated 
due to the heat emitted from the conservatory 
slab and walls. The mean outside air temperature 
through the seven months of traditional heating 
season is about 8oC and these houses should be 
readily able to recharge the thermal store during 
the occasional mild periods. 
Ventilation losses  

The ventilation losses are at worst only 332W 
(see Appendix 5). These are kept to a minimum 
due to a heat exchanger. Note that the 
manufacturers of the heat exchanger suggest a 
better efficiency than that used in the 
calculations, of 70-80%. Also the ventilation 
units are not run continuously over a 24 hour 
cycle. 

Conclusion 
A normally exposed building will incur its 
maximum heatloss rate whenever the external 
temperature is below zero. The conservatories, 
porch and earth covering of these houses will 
provide a very long delay before the external 
surfaces of the house reach the outside air 
temperature and it seems most probable that 
most winters the maximum calculated heatloss 
rate will not be reached. 

 

Heat Gains 
Solar Heating 
The house orientation is 300West of South, the 
latitude is 530N and standard weather factors are 
as for the Midlands area. The main passive solar 
feature is the conservatory which encloses the 
total external wall area of five bays and the 
remaining bay is protected by the insulated 
brick-built porch. The houses are 6m deep with a 
large glass area on the south facing front end of 
each bay. The glass is 3.3m high and each room 
directly collects solar energy when the sun’s at 
its low winter altitude. Radiation that impinges 
on the concrete surfaces will be directly 
absorbed. What hits furnishings will heat the air 
and be transferred into the concrete which is out 
of the sun, by convection and conduction. This 
transfer will only occur when the air temperature 
is above that of the concrete surfaces. Small 
amounts of heat may transfer from solar heated 
items by low temperature radiation to the cooler 
surrounding surfaces, especially to the ceiling. 
 

 
 

 
 

 
 

 
 

 
 

 
 

The heat storage is well distributed around each 
room with 300mm of concrete in the floors and 
ceiling, 450mm in the back wall and 200mm in 
the internal walls. Lightweight partition walls 
and furniture also store heat over short periods 
and their large surface areas allow rapid heat 
exchange to provide a buffer against sudden air 
temperature changes. The concrete structure is 
entirely surrounded by 300mm of expanded 
polystyrene to minimise the conductive heat flux 
and the earth surround has a winter temperature 
usually around 100C, which almost halves the 
maximum heat loss. 

The conservatory acts as a large passive solar collector 

 



 

The front of the house has triple glazing, Argon-
filled, with a low-e surface to minimise loss by 
outward infrared radiation. The brickwork 
between the frames is cavity insulated. There is a 
thermal break of 150mm of polystyrene beneath 
the front wall of the house and the conservatory 
at slab level. 

The conservatory absorbs radiation into its slab 
and brickwork, although in winter part of the 
radiation will pass straight into the house. Heat 
stored in the slab and walls reduces the rate of 
cooling of the conservatory in the winter and 
maintains the air temperature consistently above 
the outside temperature. The occupants can 
increase significantly the heat gain to the homes 
by opening the doors and windows to the 
conservatory when, during periods of winter 
sunshine, the conservatory temperature can rise 
very rapidly to in excess of 250C even when 
outside temperatures are close to zero. 
To calculate potential solar gains through the 
windows in winter: 
Solar gain  = Solar Intensity W/m * Glazing area 
m2*   Frame factor * Trans.factor (5 panes) * h/day 
  = 400W/m2*30.4m2 * 0.7* 0.3*1.5h/day 
  = 3.83kWh/day 
This is equivalent to a steady state gain of : 
  = 3830Wh/day  * 1/24h/day = 160W
  

Incidental heatgains 

These are those gains achieved through the 
occupation of the homes. The heat emission 
varies from about 100W for an adult male at rest 
to over 500 when highly active. With several 
occupants the use of body heat becomes 
significant. Adding these to other sources such 
as gains from appliances, lights and cooking, the 
total can make up a large proportion of the heat 
input required to maintain room temperatures 
during the coldest periods. However if there is a 
preponderance of low energy appliances and 
lights, ‘electrical’ gains maybe somewhat 
reduced – you can’t have it all ways! 
Thermal comfort 
Thermal comfort is based on the temperature you 
experience. This temperature is made up of an 
average of radiant and conductive heat. 

The thermal design is such that the temperature 
of the exposed internal surfaces is always very 
close to the air temperature. This produces a high 
mean radiant temperature (i.e. an even radiation 
from all round) and provides comfort at a 

relatively low air temperature (compared to a 
poorly insulated building with cold room 
surfaces). If there is a lower mean air 
temperature the average heatloss through the 
fabric and to ventilation reduce. In practice this 
should mean that losses tail off to a theoretical 
minimum point (e.g. in a low or non-occupancy 
situation), considerably higher than a more 
typical home. 

The predicted temperature ranges were: 
House  19-220C 
Conservatory 10-280C 
Porch  15-200C 

Note: 
1. The internal temperature of the homes varies 

between the houses due to different 
occupancy rates and desired comfort levels.  

2. Because of the high mass of the house, heat 
is released from the fabric over a long period.  

Each of the houses has a woodstove of some sort 
in the conservatory. These are used occasionally 
during the winter months mostly for social 
events, but also provide a backup for cooking in 
the event of power cuts. The stoves contribute 
nothing to the temperatures in the houses other 
than to marginally reduce heat loss in localised 
areas of the front façade of the main house for 
short periods of time.  
Replication issues (Thermal mass- general) 
The investment in additional mass (concrete and 
blocks), insulation, and triple glazing is likely to 
be considered by many housebuilders as high. 
When the cavity in a brick wall exceeds 150mm, 
non-standard structural details are required - In 
practice builders are reluctant to exceed a 75mm 
cavity. However these capital costs have been 
offset by not having a heating system and the 
energy/cost savings are permanent.  The trend 
established with Building Regulations is for 
increasing energy-efficiency of homes – at some 
point the investment in heating plant to chase 
ever smaller heating requirements will favour 
more innovative zero-heating designs. Occupants 
in such homes always have the option of mobile 
heaters to supplement their heating. 

The south facing conservatories are a key feature 
of these homes, removing the need for an active 
system to transfer solar heat to north facing 
rooms. The layout of an estate would have to be 
carefully considered due to the constraint of 
building to commercial housing densities. 



 

Energy Conservation (other) 
Considering the remaining energy demand in the 
homes, the key areas are the hot water and 
ventilation systems. Significant measures have 
been made to reduce the energy consumption of 
both of these compared to more conventional 
systems. 
Hot Water System (HWS) 
(See Technical Factsheet: Hot Water System 
for further details) 

The hot water is heated by an air-to-water heat 
pump located in the porch, by drawing out 
relatively warmer air from the conservatory via a 
connecting duct through the porch/conservatory 
wall. The heat pump is connected to a large 
1,500 litre storage cylinder (thermal store). An 
immersion heater is provided as a back up. 
 

 
 

 
 

 
 

 
 

 
 

 
 

The heat pump (reverse refrigerator) has an 
average coefficient performance (c.o.p) of about 
2, running at its optimum in the spring to 
autumn, and at its lowest in the winter, when the 
conservatory drops to about 100C. 
The HWS total heat demand for a typical 
comparable household is 4750kWh/annum (Ref: 
EEBPp Case Study 306). If this is assumed to be 
from a gas boiler with a term efficiency of 65% 
then the HWS heat usage is 3088kWh/annum or 
8.5kWh/day.  The heatpumps in the HHP homes 
is expected to reduce this by about a half to 
approximately 4kWh/day. Indeed the total 
energy demand of the homes is between 8-
10kWh/day! 
 

Ventilation 
(See Technical Factsheet: Ventilation & 
Airtightness for further details) 

The houses have a mechanical ventilation heat 
recovery unit (MHVR) delivering fresh air to the 
lounge and bedrooms through 150mm clay 
ductwork and extracts from wet areas such as 
bathroom and kitchen. 
 

 
 

 
 

 
 

 
 

 

Whilst the ventilation units are designed for 
continuous operation, this is not actually 
necessary on warm days and most of the 
summer, when natural ventilation is sufficient 
via large opening lights in each bay 
corresponding with lights in conservatory roof. 
This has the added benefit of saving on energy 
use. The MHVR system uses two 35W fans to 
operate 
Electricity for Lighting 
There are no special features. The majority of 
lamps are of low energy types. Lighting energy 
consumption is designed to be low due to the 
good levels of daylight from the 3.3m high 
glazed frames. Those areas of the home where 
good daylighting is less of an issue have been 
placed to the rear of the home, e.g. bathroom, 
utility and TV area. 

Other appliances 
There is no restriction on household equipment. 
The occupants make use of the usual household 
appliances and technology. However as a general 
rule there are no dishwashers or tumble dryers. 
Drying of clothes is very effectively managed by 
using clothes dryers (‘Sheila Maids’) in the 
conservatory located close to heat pump ducting 
to create a significant airflow over the hanging 
clothes. Otherwise care is taken over not leaving 
equipment on standby and being generally 
energy-aware. 

Heat pump in porch with duct going through wall to 
conservatory 

 

Clay pipes entering and leaving MHVR unit in porch 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

“To desire to live in 
an ultra-low energy 
house implies a 
degree of 
understanding of 
environmental 
concerns. This 
understanding may 
lead to a more 
energy- efficient 
lifestyle with fewer, 
or smaller 
appliances (a larder 
fridge, rather than a 
fridge-freezer); more 
efficient ways of 
operating them 
(using cold-water 
detergents in the 
washing machine); 
more care over 
consumption 
generally (four-
minute showers)…” 
(GIR53) 
 

Energy system controls 
The houses are almost devoid of controls as there is no heating system and the long response times of the 
fabric heat storage make the use of windows for ventilation or assisted heat transfer a matter of individual 
preference -  an instinctive response more satisfactory than resetting boiler controls. Prevention of 
overheating may require some anticipation in the use of sunblinds and opening of window lights, but in 
practice has not been a problem; ameliorated to some extent by neighbours watching out for each other and 
taking necessary action. In practice, keeping the main doors/windows closed prevents the house increasing 
significantly in temperature, however hot the conservatory gets. 

Other more conventional controls that need to be occasionally assessed to ensure optimal performance and 
fine-tuning are those of the heatpump and ventilation units. This involves simple cleaning of parts to 
remove dust build up. 
Management of renewable energy systems are covered in Technical Factsheet 9: Energy Generation. 
 

 

The Teenage 
Consumer 
Over the last few 
years it has become 
apparent that one of 
the most energy in-
efficient appliances 
are teenagers. It is 
clear from energy 
use which houses 
stock them! 



 

Building Performance  
When considering these figures it must be remembered 
that there is no gas use in the homes 

Independent monitoring 
The BRECSU sponsored monitoring programme 
[New Practice Profile 119] was conducted over 
the 1st year of occupation only (1998/1999). Key 
conclusions: 

Energy Consumption 

• The total energy consumption of the 5 homes 
during the monitoring period was 20,500 
kWh. This represents just over 4000 kWh per 
house and around 11kWh per house per day. 

• The daily energy consumption fluctuated 
between 6kWh and 33kWh. The chart below 
shows the daily electricity consumption 
during the period for one of the monitored 
dwellings (the zero readings represent 
missing data rather than no consumption.  

(More typically energy consumption varies between 6kWh 
and 12kWh. The higher figures seen in accompanying 
graph, peaking at 33kWh were mainly due to heating of 
hot water cylinder via immersion prior to commissioning 
of heat pumps. During this period there were a few 
problems setting up the innovative hot water system which 
resulted in the tank being emptied and refilled several 
times, requiring heating from cold each time - hence the 
comparative excessive energy use.)  

 
 
 
 
 
 
 
 
 
 
 
 
• The daily consumption in the summer is 

around 25% lower than during the winter. 
There is less use of lighting during the 
summer months some of the occupants do 
not use the mechanical ventilation and the 
heat pump runs for shorter periods. 

• The breakdown of the 12kWh average daily 
consumption for house 4 is shown below. It 
was suggested that the consumption could be 
reduced by around 4kWh (33%) per day by 
adopting two measures: 

1. Replacing the freezer with a more efficient 
model 

2. Using the heat pump for domestic hot water 
(the heat pump had not been commissioned 
in house 4 at the time of the monitoring) 

(This has since been achieved) 
 
 
 
 
 
 
 
 
 
 
• The chart below compares the annual energy 

consumption of the dwellings at Hockerton 
with the heating standards set out in General 
Information Report (GIR) 53 ‘Building a 
Sustainable Future. Hones for an 
Autonomous Community’. The report’s 
findings show that the Hockerton houses 
consume less energy than the zero-heating 
house featured in the study  

(HHP own data has been added for comparison - see 
below for more details. This compares to an energy use of 
about 25% of conventional new UK housing, and only 
about 10% of current UK building stock.) 

 
Thermal comfort 

• The temperatures in the dwellings were 
monitored on a half-hourly basis throughout 
the year. The results for house 4 are shown 
overleaf.  

• The temperatures in the dwellings are very 
stable as a result of the high levels of thermal 
mass and insulation. During the winter 
months, the temperature fluctuated around 
170C. During the summer, typical 
temperatures rose to around 240C. 

 

 



 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• During the coldest week of winter 1998-99, the external temperatures were below 50C for most of the 

time. During this period, the temperatures in the dwellings remained constant at around 170C. The 
chart below shows the effect of solar gain on the temperature in the conservatory and the house itself. 

(This house had a low occupancy during the winter months of monitoring. Other homes at the same time were significantly 
warmer, and in one case did not go below 18oC all winter. More typically for our second year the temperatures in most houses 
during winter were 18-20oC. Perhaps more importantly, in all but one house no supplementary heating was used - because it 
was not needed. See also HHP data below) (HHP) 
 
 
 
 
 
 
 
 
 
 
 

 



 

HHP monitoring 
  
1998 to 2000 
 
The BRECSU sponsored monitoring programme [New Practice Profile 119] was conducted over the 1st 
year of occupation only (1998/1999)- something that caused some concern as this was the drying out 
phase of the buildings. We believed that the data would not fully represent the typical building 
performance. It was not possible to extend the BRECSU contract but the internal monitoring [started prior 
to BRECSU] has continued by HHP occupants themselves. 

Max/ min temps [in one house] for porch, conservatory, main house and main house ground slab have 
been recorded together with an ‘ambient’ internal air temp [taken approx. 8am each morning] in order to 
give a realistic picture of the dynamics of temperature fluctuations in the houses. These are cross- 
referenced with temperature readings in the other houses. The energy consumption of each of the five 
houses is monitored on a quarterly basis. 
Summary of results 

 

It is not always clear what elements of a house should be included in the energy use/m2/year 
aThe conservatory and the porch space have been included  because the conservatory space is in use for 
most of the year as a leisure or work space and consumes energy through the use of power tools, lighting, 
cleaning and music provision. It is also the bedroom for pet dogs and houses the second WC for the 
house. 
bCalculation based on area within the primary insulation envelope. If accuracy is wanted you have to 
factor in the incidental heat gains from the porch and the porch and conservatory into the recorded 
internal temperatures. 
 
Appliance consumption (kWh/year)  Comparative energy use 

Water heating 600-1300   kWhr/pa kWhr/m2 
Kettle 230  UK housing stock 30000 280 

TV 250  2002 UK regs 20000 185 
Toaster 100  Future World [timber]                 26400 150 
Freezer 250-800  Lower Watts [masonry] 18850 65 
Fridge 250  R 2000 [timber] 13500 60 

Computer 315  Denmark [timber] 5000 42 
Cooking 300  Passive Gdr [masonry] 4992 32 

Ventilation 150-200  Autonomous [masonry] 3718 22 
 
  

 House 
 1 2 3 4 5 
Occupation profile 
Adults 2 2 1 2 1 
Teens 0 0 1 2 0 
Children 3 3 0 0 0 
Key variability  of facilities between homes 
TV[s] 0 1 1 2 0 
Heat pump [water] Yes Yes No Yes Yes 
Home working Yes Yes No Yes No 

Energy use (average over period – 1998-2002) 
kWhr/year  3002 3625 3482 4027 2743 
kWhr/day  8.22 9.93 9.54 11.03 7.51 
akWhr/m2/year 17.65 21.3 17.5 23.68 16.25 
bkWhr/m2/year 
(internal) 

23.69 28.6 23.55 31.78 21.65 



 

Internal temperature (house 4 only) 
Year Ground slab    Air Min  slab         Min air 

 <18 deg <18 deg      deg      deg 
1 30 days 42 days 17.3 17 
2 0 days 0 days 18.7 18.5 
3 0 days 4 days 18 17.8 
4 0 days 5 days 18.1 17.9 

 
Additional Notes 

(1) There are temperature variations between the houses. These are dependent on occupancy rates and desired comfort levels.  
The houses are all electric so any use of heating appliances will be incorporated in the figures given. 

(2) Each of the houses has a woodstove of some sort in the conservatory. These are used occasionally during the winter 
months mostly for social events, but also provide a backup for cooking in the event of power cuts. The stoves contribute 
nothing to the temperatures in the houses other than to marginally reduce heat loss in localised areas of the front façade of 
the main house for short periods of time.  

(3) The energy consumption of some of the houses is higher than the initial estimated figure of 3000kWh/pa. The major 
factors affecting energy consumption are home working and age of children as can be seen from the tables. We may live in 
energy efficient houses, but lights and stereos still get left on and doors still get left open! 

(4) One of the most frequently asked questions about the internal temperatures relates to diurnal variations. This varies 
according to the seasons being at the minimum during the winter period when the air temperature closely follows the 
fabric temperature. Because of the high mass of the house, heat is released from the fabric over a long period. During the 
last 50 days of 2001 the fabric temperature has varied/dropped 2deg C. In the same period the ambient air temperature 
dropped by the same amount with a daily variation of about 0.5oC.  

(5) Comparative figures and consumption based on kWh/m2/year can be misleading. Clearly a smaller house with the same 
consumption of a larger house is going to have a higher use/m2. All things being equal it will also be warmer. Total usage 
related to occupancy maybe a better measure. The Danish, Canadian and German houses are operating in a harsher winter 
climate and would be expected to use more energy than the UK equivalent. Energy consumption within a household can 
be substantially reduced through building design, but ultimately will be determined through lifestyle choices. 

 
(2000-2006) 
 

 
 
 

Average daily energy use per house
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Sources of materials used 
 
COMPANY MATERIALS SUPPLIED 
Architectural Design  Professor Brenda and Dr Robert Vale 
Construction (Merchants)  
Keyline Builders Merchants 
(Nottingham), 

Many and various building materials 

Construction (Materials)  
Tarmac High density concrete blocks (topblock) 
Newark Concrete Concrete for slabs and infill 
Vencil Resil Polystyrene insulation blocks 
Crown Dritherm insulation for front wall 
Marshalls Floor beams and facing bricks 
Manson Timber (Now Timber 
Centre, Newark) 

Wood 

Monaflex Geomembranes Ltd. Tanking membrane / dpm 
Stanton Bonna Concrete rings for water storage/ earth tube 
Glazing Products  
Pilkington Double-glazing to Conservatories 
Velux Roof Windows Skylights for porch lighting, and conservatory ventilation 
Swedhouse Triple glazed doors and windows 
Technology (Finished Goods)  
Baxi Air Management Mechanical ventilation and heat recovery systems, & Heat 

pumps 
 
 
 
 



 

APPENDICES 
 
Appendix 1 – Housing Standards 
Many of the current standards used to measure 
environmental performance of houses, such as SAP and 
NHER, are based on current housing stock variance, and 
look primarily at energy use. This has not allowed for the 
inclusion of new innovative house designs which offer 
more substantive solutions for sustainable development. 

“Materials choice, water supply and sewage treatment, 
and fuel procurement need to be considered, as well as 
more conventional issues such as thermal performance. 
With this in mind, three new standards have been 
developed which represent a way forward. Each standard 
represents a design strategy that can be used to create a 
home, which is ‘traditional’ in appearance but radical in 
use. The standards offer increasing challenges and 
opportunities to the designer, builder and householder, in 
that each standard contains the attributes of the one below 
it, then adds a further improvement in the level of 
performance.” (Department of the Environment, Transport 
and the Regions (DETR) – General information report 53 
– Building a sustainable future – Homes for an 
autonomous community, Feb 1999 (GIR 53) 

The Zero CO2 standard  
“A zero CO2 house creates no net emissions of CO2 on an 
annual basis. This means that it must obtain its heat and 
power from renewable energy. It may do this by buying 
electricity on a “green tariff” from a company generating 
renewable energy. If the house makes use of any non-
renewable energy sources, it must have its own renewable 
energy system of sufficient capacity such that, during any 
one year, it can export enough renewable energy to 
compensate for the CO2 emissions associated with other 
imported energy.” 

The Zero Heating standard 
“A zero heating house normally obtains all its space 
heating needs from its occupants and their activities, 
combined with solar and other casual heat gains. The 
definitions of performance will be based on the calculated 
performance of the house when analysed using BREDEM-
8 or BREDEM-12 developed by BRE. The zero heating 
calculations assumes that the house is occupied by its 
designated number of residents [based on provided bed-
spaces], that low energy appliances are used, and that all 
lights are compact fluorescent lamps [CFLs]. These latter 
requirements are to avoid the use of high appliance and 
lighting loads to boost available heat gains. A ‘nominal 
zero heating house’ may have a heating system installed to 
cope with the higher temperatures or heat demands 
associated with, for example, babies and young children, 
elderly or disabled occupants, under occupancy, illness, 
and periods of extreme weather.” 

The Autonomous Standard 
“An autonomous house must meet the zero CO2 and zero 
heating standards defined above, but it must achieve this 
by use of on-site renewable energy generation, which may 
be a stand alone system or grid-linked. It must not use any 
mains services apart from electricity and, if it is linked to 
the electricity grid, in any year it must export sufficient 
renewably generated electricity from its own system to 
balance its intake from the grid. In addition, it must 
provide its entire water supply and treatment services from 
the resources it can collect from its site, without the need 
for mains connections, and it must process its own waste 
water and sewage within the confines of its site. No waste 
water or sewage discharges of any kind must leave the 
curtilage of the site, including surface water run-off. 

 
Appendix 2 – Surface area of concrete 

Concrete surface area of one bay m2 
Floor 18 
Ceiling 20 
Walls (2 * 6 * 2.7) 32 
Back wall 7 
Front wall (3.7 * 3 * 0.45) 5 

Total 82 
 
Surface area of 6 bays (equivalent to typical HHP home) = 6 * 82m2 = 492m2 
 
Specific surface area = 82m2/18m2 = 4.6m2 surface/m2 floor 
 



 

Appendix 3: Heat storage 
 Horizontal 

Area (m2) 
Thickness(m) Volume(m3) Density 

(kg/m3) 
Mass 
(tonne) 

Sp. Heat 
(kWh/t.k) 

Heat 
(kWh/k) 

CONCRETE        

Roof (mix of 
concrete & 
block) 

127 0.25 31.75     

Slab 127 0.30 38.1     

Wall (rear) 43.2 0.30 13.0     

Sub-total   82.9 2100 174 0.28 48.7 

BLOCKS        

Wall (rear) 43.2 0.20 8.6     

Wall (front) 32 0.1 3.2     

Wall (inter) 99 0.20 19.8     

Sub-total   31.6 1900 60 0.28 16.8 

TOTAL     237  65.5 

  
Therefore for 1K temperature change throughout the mass of concrete, 65.5kWh will be released or absorbed 
 



 

Appendix 4 – U-values and component fabric heat losses (Analysis from BRE monitoring report) 
Assumptions: 
(1) Whole house values have been taken for a 6-bay non-end house. The effect of the end walls in the end houses is very 

small. 
(2) U-value for low-e, argon filled, triple-glazed, wood frames (Ref B.Regs, Part L, Annex A.). If these frames were normally 

exposed to the outside they would have a U-value of 2.1. A value of 2.0 has been used here as the house glazing is 
protected by the conservatory. 

(3) The hall frame is protected by the insulated porch in which a temperature of 100 is assumed, so td = 10K 
 
R=1/k, where 1= metres, k=W/mK 
U=1/(Rsi + R1 + R2 + …..Rso), where Rsi = 012m2K/W and Rso = 0 at the soil interface. 
 
For maximum heat loss rates let inside temp ti = 200C, 
Let outside surface temp to, be:  to roof= 00C, to wall and slab = 100C, to conservatory = 00C  
  
Temperature differences td, will be:  td roof= 200C, td wall and slab = 100C, td conservatory = 200C 
 

Item Dimensions 
(m*m) 

Area 
m2 

Thickness 
(m) 

K 
(W/mK) 

R 
(m2K/W) 

U 
(W/m2K) 

UA 
W/K 

Td 
(K) 

Heatloss 
(W) 

% 
heat 
loss 
of 

total 
ROOF           
Concrete 6.3*19.2 121 0.33 1.3 0.25      
Insulation 6.5*19.2 125 0.3 0.034 8.2      
Surface     0.12      
     RT=9.19 0.11 13.8 20 276 14.3 
SLAB           
Concrete 6.3*19.2 121 0.3 1.3 0.23      
Insulation 6.5*19.2 125 0.3 0.035 8.82      
Surface     0.12      
     RT=9.17 0.11 13.8 10 138 7.2 
WALL, rear          
Concrete 2.3*19.2 43.2 0.25 1.3 0.19      
Blocks 2.3*19.2 43.2 0.2 1.0 0.2      
Insulation 2.4*19.2 46.1 0.3 0.035 8.82      
Surface     0.12      
     RT=9.33 0.11 5.1 10 51 2.7 
WALL, front          
Brick 3.38*1.4*6 28.4 0.112 0.84 0.13      
Insulation 3.38*1.4*6 28.4 0.15 0.034 4.41      
Block 3.38*1.4*6 28.4 0.20 1.0 0.20      
Surface 0.12*2    0.24      
     RT=4.86 0.21 6 20 120 6.2 

Sub-Total (opaque) 585 30.4 
GLAZING 3.38*1.85*5 30.4    2.0 60.8 20 1216 63 
 3.38*1.8*1 6.1    2.0 12.2 10 122 6.3 

Sub-Total (glass) 1338 69.6 
TOTAL FABRIC 1923  

 
 
Note: 
(1) Glazing losses are 70% of the total fabric losses 
(2) The soil on the roof and the airspace in the draining membrane have been ignored to obtain the maximum heat loss value 
(3) Temperatures in the conservatory have never been below 50C and more typical winter lowest temperatures are between 7 

& 100C 
(4) U-values are instantaneous and only a simple indicator of house fabric heatlosses over the course of a year. The HHP 

house glazing is protected by the conservatory, the floor has no exposed edges, and the wall and roof are earth-covered 
and not subject to the weather. 

 

This above analysis seems to be a ‘poor case scenario’ –  
HHP own calculations based on seasonal averages and over six  winters of experience of living in 
homes, is that the heatlosses are half to two-thirds of these figures. 



 

 
Appendix 5 – Heat loss to ventilation 
(Worst case) 

Minimum fresh air for 4 people at 8 litre/sec.person: 
 = 4people* 8 litre/s.person * 3600s/h * 1/1000litre/m3 = 115m3/h 
 
Volume of house = 6bays*3m*6.3m*2.8m (average height) = 318m3 

 

Number of airchanges = 115/318 = 0.36a.c/h 
 
Allow heat exchanger efficiency of 60%1, then 40% of the fresh air is required to be heated 
 
Ventilation heat load = 0.33NVtd 
   = 0.33*0.36*318m3*22K2*40/100 = 332W 
 
1Manufacturers suggest a better efficiency of 70-80%. Also the ventilation units are not run continuously over a 24 hour cycle. 
2 A temperature difference of 220C is an extreme and likely to only occur for short periods! 
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General Advice 
 
Have can solar gain be maximised to reduce heating 
requirements? 
• The site layout should offer access to solar energy for 

as many homes as possible.  
• Avoid overshadowing between buildings by allowing 

adequate spacing.  
• Orientate the main building elevations within 30 

degrees of south.  
• Locate main living spaces and conservatories on the 

south facing side of the building whilst maximizing 
the glazing. Deciduous trees can be planted to provide 
summer shade to prevent overheating, whilst 
maximizing solar gain in the winter when most 
needed.  

• Provide thermal mass where possible to absorb solar 
gain and avoid overheating. 

• Provide shelter from prevailing winds in the form of 
trees or landscaping.  

• Avoid permanent shading, such as net curtains and 
evergreen trees that reduce solar gain. 

 
How can heat loss be reduced? 
• For conversions retrofitting, add thermal insulation 

and provide draught-stripping . 
• Compact designs  
• Reduce exposed external surfaces - this favours 

terraced rather than detached designs. 
• Include unheated ‘buffer’ spaces to reduce exposure 

of main dwelling areas from outside cold air (e.g. 
porches &/ conservatories). 

• Super insulation of walls, roofs and floors (exceeding 
building regulations - typically using 80 to 90% less 
energy for space heating compared to existing 
buildings).  

• Advanced glazing systems such as argon filled low-E 
(emmissivity) triple-glazing. 

• Avoid thermal bridges (process by which a material 
transfers heat from one part of a building to another. 
Cold bridging is where this happens to a significant 
extent creating potential excessive heat loss from the 
building - reduce performance by 10-50%) by 
measures such as using plastic wall ties, composite 
timber studs and ensuring that insulation is of a 
thickness that covers the joists. 

• Ensuring an airtight construction, including sealing 
entrances for building services. 

 
 
 
 
 
 

If a heating system is required, what are the most energy 
efficient alternatives? 
• Size the system correctly avoiding oversizing. 
• High efficiency boilers (e.g. gas condensing boilers) 

with good heating controls. 
• A communal heating system supplying many 

buildings from a central, efficient boiler plant.  
• Combined Heat and Power (CHP) system using 

biomass crops or waste wood materials. It requires a 
relatively constant demand for heat and power to 
operate efficiently, more easily achieved from a large 
number of buildings with a variety of uses requiring 
heat and power at different times. 

 
How can heat emitters (radiators) operate most efficiently? 
• Do not obstruct radiators with furniture or other 

objects 
• Don't oversize pipework and radiators. 
• Incorporate effective and easily understood control 

systems - Thermostatic radiator valves (TRVs), can 
control the temperature of individual rooms. A 
programmable thermostat can set temperatures to suit 
different uses during the day, usually higher at night 
when people are generally least active.  

• Turn down thermostats 

 
How can hot water be provided most efficiently? 
• First, reduce the need for hot water as far as possible - 

E.g. by using showers rather than baths and using low 
water-use washing machines. 

• Do not store water at a higher temperature than 
necessary.  

• Insulate well all parts of the pipework and in 
particular the hot water storage cylinder.  

• Reduce volume of standing water in pipes by either 
reducing distance from storage cylinder to point of 
use, or using pipework with a smaller bore (e.g. 
micro-bore).  

 
What simple ways can reduce energy use for building 
occupants? 
• Purchase low energy appliances when next due for 

replacement. 
• Provision of space for drying clothes by natural 

means, removing the need for energy-intensive 
electrical tumble dryers. 

• Install energy saving light fittings - use light colours 
on walls, floors and ceilings to increase efficiency of 
lightning. 

• Understand heating system and set controls to meet 
needs of occupants.



 

Further Resources 
 
Websites 
• Action Energy (www.actionenergy.org.uk) - the main 

energy efficiency programme of the UK government 
aiming to help businesses and public sector organisations 
reduce energy costs. For specific information about 
housing issues, see related website, Housing Energy 
Efficiency Best Practice Programme (HEEBPP), 
www.housingenergy.org.uk  

• (www.boilers.org.uk) - Boiler database showing 
efficiency of gas and oil boilers sold in the UK. 

• Building Research Establishment (BRE) 
(www.bre.co.uk) - Contains details of BREEAM & 
EcoHomes 

• Carbon Trust – Promotes low carbon energy saving for 
non-domestic uses in the private and public sector 
through energy saving advice and initiatives 
(www.thecarbontrust.co.uk). 

• Design Advice (www.designadvice.co.uk) is a 
consultancy service offering professional, independent 
and objective advice on the energy efficient and 
environmentally conscious design of buildings. Clients 
are offered a one-day FREE general consultancy on their 
chosen building project(s), paid for by a cashback 
scheme. Design Advice clients include building 
developers, fund providers, design teams, letting agents, 
housing associations, local authorities and building 
owners/tenants. All potential buildings/group of 
buildings must have a minimum floor area of 500m2. 
The service applies to new-build and major 
refurbishment work. 

• EcoHomes 
(http://www.bre.co.uk/sustainable/ecohomes.html) - the 
homes version of BREEAM.  

• Energy Savings trust (www.est.org.uk) - Government 
funded trust to promote efficient use of energy. Many of 
their schemes for domestic homes concentrate on 
promotions and offers, usually provided by a discount or 
cashback towards costs of buying energy efficient goods 
and services. They also have a number of advice centres 
and free leaflets.  

• Envirosoft (www.envirosoft.org.uk) - The website is 
basically a tool to promote and sell software related to 
energy performance of buildings related to SAP and 
Bredem 12.  

• National Energy Action (NEA) (www.nea.org.uk) - 
Developing and promoting energy efficient services to 
tackle the heating and insulation problems of low income 
households. Tel: 0191 261 5677 

• Newark & Sherwood Energy Agency 
(www.nsenergyagency.co.uk) 

• Part L of Building Regulations 
(www.projects.bre.co.uk/partfaq/default.htm) 

• Practical Help (www.practicalhelp.org.uk/) - Practical 
Help is an initiative from the Energy Saving Trust (EST) 
and aimed primarily as a web-based resource for local 
authorities. However it includes material that is likely to 
be applicable to businesses and other organisations 
seeking information on energy efficiency.  

• Sustainability Works (www.sustainabilityworks.org.uk) 
- includes section on energy.  

 
Further Reading 
• *Building a Sustainable Future – homes for an 

autonomous community (GIR53)  
• *Building your own energy efficient house (GPG 194) 
• Building Regulations are published by the Stationery 

Office on www.theso.co.uk  
• BRE's software tool envest is a complementary tool to 

BREEAM, which allows users to assess the life-cycle 
environmental impact of a proposed building and to 
explore various design options.(see 
http://www.bre.co.uk/sustainable/envest.html) 

• *Controls for domestic central heating and hot water 
(GPG 302) 

• *Domestic Condensing Boilers – ‘The Benefits and 
the Myths’ (GIL 74) 

• *Domestic heating and hot water – choice of fuel and 
system type (GPG 301) 

• * Energy efficient lighting for housing –exemplars for 
builders, installers, owners and managers (GPCS 361) 

• *Improving air tightness in existing homes (GPG224) 
• Insulation for Sustainability (See www.xco2.com)  
• * Low Energy Domestic Lighting (GIL 20) 
• * Minimising thermal bridging when upgrading 

existing housing (GPG 83) 
• The New Autonomous House (Brenda and Robert 

Vale) – Includes considerable detail on thermal design 
with many examples – Copies available from HHP 

• *Passive Solar Estate Layout (GIR 27)  
• *Passive solar house designs – the Farrans study (GIL 

25) 
• * Post-construction testing – a professional’s guide to 

testing housing for energy efficiency (GIR 64) 
• The effect of Building Regulations (Part L1 2002) on 

existing dwellings – Information for installers and 
builders for extensions and alterations in England and 
Wales (GIL 70) 

• *The Hockerton Housing Project – design lessons for 
developers and clients (NPP119)  

• *Energy efficiency primer (GPG 171)  
 
* (Free copies available from BRESCU enquiry line 01923 
664258 or see www.housingenergy.org.uk).   
 
Other Case Studies 
• David Wilson Millennium Eco-Energy house 

(University of Nottingham) – The house is a flexible 
test facility for conducting investigations into new eco-
energy systems (www.nottingham.ac.uk/sbe/) 

• Millennium Green (Collingham) – The 25 properties 
are super-insulated and orientated for passive solar 
collection. (www.gustohomes.com)  

• Nottingham Eco House  - The renovation of this house 
has included adding 300/400mm Warmcel in the roof, 
heat recovery fans and high performance glazing 
enabling significant reduction of heating loads (see 
www.msarch.co.uk/ecohouse). 

• The Autonomous House, Southwell - Passive solar, 
high thermal mass, super insulated, south-facing 
orientation, high specification windows, use of passive 
solar collection, provision of low energy lighting and 
appliances; no dedicated heating system. 



 

For further information about HHP or the contents of this factsheet, contact: 
 
Hockerton Housing Project 
The Watershed, Gables Drive 
Hockerton, Southwell 
Notts NG25 0QU 
 
Tel:  01636 816902 
Email: contact@hockertonhousingproject.org.uk 
Website: www.hockertonhousingproject.org.uk   
 
 
Last updated November 2006 
 

 
 


