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Independent (Autonomous) Water 
Supply  
(Introduction) 
An autonomous development aims to combine 
water conservation and local water collection.  
Conservation measures make using a local 
supply much more feasible.  Also it is far easier 
to supply water for non-drinking purposes since 
the quality can be lower and thus its treatment is 
far simpler. This should be the focus of initial 
attention. It is possible to provide water of 
drinking quality, but this requires a more 
detailed design. 
In the UK, on average, about 225litres of water 
per day fall on the roof of a house of 100m2. 
This is then channelled and pumped from one 
place to another, then treated with the addition of 
chemicals before being usable again in homes. 
An alternative to this is to supply at least a 
proportion of a household’s water from its own 
roof, a standard process in some countries.  
Many people already contribute to their water 
supply by collecting rainwater via water butts for 
gardening purposes. However this can be 
extended fairly easily to WC flushing and 
clothes washing, and then with more difficulty to 
drinking and cooking. The amount of water 
collected will depend on the facilities available 
for collection and the storage capacity. “The 
Autonomous House”, a single house in nearby 
Southwell, has an intentionally large roof area 
(142m2) to collect enough water for all the 
occupants’ needs. A large area dedicated for 
water storage in the basement backs this up. In 
smaller dwellings this would be harder to 
achieve.  

Whatever the local set up and situation it is 
possible to collect a significant proportion of 
occupants’ needs. There are several proprietary 
systems available for collecting, treating and 
using rainwater for WC flushing and washing 
machines. 

 
 
 
 
 
 
 
 
 
 
 
Greywater Recycling  
Although not used at Hockerton, greywater 
recycling is of interest. Greywater is that portion 
of our wastewater derived from baths, basins and 
showers, as opposed to blackwater from toilets. 
Since this greywater has a relatively low level of 
contamination it is possible to reuse/recycle it for 
purposes that have a low quality requirement, 
such as toilet flushing or for the garden. If water 
from washing machines is included then almost 
half of domestic waste water can be recycled. 
Since normal toilet flushing uses about a third of 

domestic water consumption, then the bulk of 
recycled water can be dedicated for this use. 
There are a number of systems now available for 
purchase that uses bathing water for toilet 
flushing.   
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At Hockerton, a large area of land 
associated with the project and the 
conservatory roofs are used to meet 
all the water needs of five families. 
Provision is available both for high 
grade potable water for drinking 
and food preparation (underground 
storage) and medium grade non-
potable water for washing, bathing 
and toilet flush (reservoir). Water 
for irrigation is also provided, but 
with an untreated supply system. 

• The mean rainfall for the area is about 
600mm  

• The collection area of the 
conservatories and porches is 330m2. 

⇒ The five conservatories therefore catch 
annually about  200,000 litres, i.e. 
200m3   



 

 

Rainwater Harvesting
Introduction 
The Project is self sufficient in its water needs 
providing autonomous water services for all 
uses. Water consumption is divided into three 
distinct systems: 

• High grade potable water for drinking and 
food preparation 

• Medium grade non-potable water for 
washing, bathing and toilet flushing 

• Untreated water for plant irrigation 
When considering the volume requirements it is 
clear that there is a much greater volume needed 
for non-potable supplies. The ideal chemical 
composition required is also very different. 
Additionally for food irrigation purposes, it is 
best to avoid cold water containing chlorine from 
main supplies. 
Water for drinking should be free of pathogenic, 
heavy metal and high nutrient contamination, but 
should contain minerals. Water for washing is 
best when soft, free of metallic salts and 
pathogenic organisms. 

High Grade potable water  
(see illustrations opposite) 

Collection 
The high-grade drinking water requirements of 
the project are met by the collection of rainwater 
from the glazed roof of the conservatories and 
slate roof of the porches. 
Copper gutters and downpipes are used to avoid 
lead & PVC. Lead would contaminate the water, 
whilst PVC off-gases, is dangerous to work with 
during manufacture, and is difficult to dispose of 
cleanly at the end of its life. Copper also has a 
mild disinfecting action on water itself. 
A crude solids removal trap is located at the 
entrance of each downpipe. This consists of a 
metal wire mesh “balloon”. 
 
 
 
 
 
 
 
 
 

Storage 
Water for drinking should ideally be stored 
underground and screened from organic debris 
and insects. The water can be mineralised & 
conditioned within the containment vessel by 
addition of different materials. 
The collected water is stored underground in 
four concrete ring tanks which interconnect. 
They have a total capacity of about 25m3 (this 
has more recently been reduced to 16m3 to 
accommodate the integration of a new office 
floor in the same location as the tanks). The long 
dwell time between inlet and outlet pipes, with 
water passing through several chambers, enables 
particles to settle down on the bottom of the 
tanks to give exceptionally clear water.  
There is negligible evaporation or leakage from 
the enclosed concrete tanks. 
 
 
  

Copper gutters  

Potable tanks integrated and beneath floor of new 
office (note insulation preventing heat loss) 

 



 
 

 

 

 



 
 

 

Treatment & Delivery 
The water is extracted from the tanks via a 
floating filter connected to a pump situated 
outside the tanks.  
The pump unit is 450W and delivers at a 
pressure of 2-3 bar. Since the throughput of this 
unit is low (approx. 100 litres/day) the electrical 
consumption is very small. 
Although it is common throughout the world to 
drink water untreated, the water is filtered and 
treated to a very high standard. It is passed 
through the following filters: 
• 5 µm cartridge string filter (fine filter) to 

remove any small particles 
• Cartridge carbon filter with activated 

charcoal to remove dissolved chemicals.  
• Finally it is sterilised with ultraviolet light to 

kill bacteria or viruses. 
The drinking water points in each house are in 
the bathroom and kitchen. 
Water consumption 
It was estimated that if each person uses 5 litres 
per day and there are 20 people based in the 
HHP homes (100l/day), then the annual 
consumption would be 36’500 litres. Therefore 
we could collect many times as much as we need 
even in a poor year. Without rain it was 
calculated the water would last for 
approximately 160 days when from full tanks . 
See ‘Reliability & Monitoring’ section for 
consumption figures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Maintenance  
There was no difficulty in the construction 
and the system requires regular but simple 
attention: 

• The cartridge filters are checked regularly 
(at least every 3 months) and replaced 
every six months.   

• The UV system operates continuously and 
should be checked more frequently – at 
least once a week to check visually to 
ensure it is operating. There is no alarm 
indicating UV lamp failure.  

• The pump pressure is checked quarterly. On 
one occasion in 6 years the bladder 
(maintains pressure when pump is 
switched off) for the potable pump 
required replacement. 

• The floating filter is checked and cleaned 
annually.  

• The storage tank bottoms are periodically 
inspected to assess build up of deposits. 
The removal of this material is important 
to prevent the build up of organic material 
and subsequent bacterial populations – this 
also increases the service life of the 
filtration system. 
Condition 

On site visits by BSRIA they reported (see 
‘Reliability & Water Quality’ for further 
details of BSRIA study):  
The glass roof was clean. The occupier of 
one of the homes does sometimes wash 
down the glass roof. On occasions, worms 
have been observed on the glass roofs, 
presumably migrating from the earth 
banking at the rear of the properties which 
extend to within a few inches of the ridge 
of the glazed roofs. The concrete storage 
chambers were well sealed although 
removal of the manhole covers did cause 
dust and debris from the tops of these 
chambers to fall in.  
Underground tanks and drainage pipes for 
drinking water have to be ascertained to be 
free of ingress of groundwater or sewage. 

 
  

Water filters & pump (from left to right: UV, carbon, string filters 
& Nocchi pump) 
 

 



 

 

Medium grade water (Non-potable) 
(see graphic on page 7) 

Collection 
Surface water collected from the road and 
surrounding fields makes its way into and passes 
along unlined culverts (swales) down the side of 
the road and to the rear of the homes. 

 
 

 
 

 
 

 
 

 
 

This water is then channelled into a 5m3 

underground tank (sump) at the west end of the 
terrace from which it is pumped to a open storage 
pond (reservoir) higher up on the site. This supply 
is supplemented by run-off from the earth-sheltered 
roof of the homes with a direct flow to the sump 
via a land drain at the base of the rear wall of the 
construction.  

 
 

 
 

 
 

 
 

 
 

 
 

If there is excess water flow into the sump there is 
an overflow into the lake. On the other hand if 
there is a shortage of water in the reservoir, water 
could be pumped from the lake to the sump and up 
to the reservoir. This could potentially be caused 
by an extended dry period or leakages 

 

 
 
 
 
 
 
 
 
 
 
Storage 
The storage capacity has been designed to cover 
periods of dry weather, and for economic reasons a 
reservoir was chosen as the form of storage. This is 
located on the north side of the site and at the top 
of the field behind the houses, 25m long and 2m 
deep. This was excavated within the bund of 
excavated soil and the contour blended into the 
surrounding ground.  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Digging of swale down side of road 

 

Water being channelled from swale 
into pipe, under road and into sump 

 

Reservoir being lined 

 

Sump under construction 

 

Reservoir after 6 years 

 



 
 

 

The reservoir stores approx. 150m3 of water, which 
is equivalent to approx. 150 days usage by the 
project members. However in practice it would 
seem that the supply from the reservoir would last 
a lot longer. Over the six summers to date there 
have been no serious reductions in the reservoir 
volume. During the hottest summer in 2003 with a 
good 4 months of negligible rain and no effective 
inputs into the reservoir, there was at least half the 
volume remaining. This is likely due to the 
conservation measures (see below) adopted by the 
house occupants resulting in a much lower water 
usage than anticipated. 

Treatment and delivery 
Water is supplied to two slow sand filters via 
gravity feed from the reservoir. The water entering 
the sand bed is controlled by float valves to prevent 
overflowing.  The filters remove solids and organic 
matter before the water goes into a holding tank 
and pumped on demand to the points of use which 
are 3 baths, 8 showers, 10 toilets and about 30 taps.  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A more recent refinement involves a pre-filter to 
remove the worst of algae material coming in via 
reservoir, particularly during warmer months. This 
consists of a fine material lining a sieve, whereby 
the water from the inlet has to pass through this 
before going through the sand bed. 

It was originally thought that the head of water 
from the reservoir would create sufficient water 
pressure to the houses. Later it was realised that 
heat energy lost through hot water in the dead leg 
of a pipe when the taps were turned off exceeded 
the energy used to pump water. Smaller bore pipes 
have therefore been used with a pump thus 
reducing heat losses in the dead leg of the pipes. In 
the event of pump failure water can be fed under 
gravity to the houses. 

The electrical demands of the water supply 
pumping unit is about 600kWh per year and 
proportionally no greater than on a national scale. 
 

Closer view of one of sand filters with float valve 

 Slow Sand Filter Operation 
The basic process of slow sand filtration is as 
follows: 

• Water slowly passes through a bed of fine sand 
at a rate of 0.1 to 0.3m3/m2/hr, thus improving its 
quality considerably by removing turbidity and 
greatly reducing the number of micro-organisms 
(bacteria, viruses, cysts). 

• Soon after filtration process begins, a filter skin 
forms on the surface of the bed. The filter skin, 
or “Schmutzdecke” consists of retained organic 
& inorganic material and a wide variety of 
bacterially active micro-organisms which break 
down organic matter. 

• After the filter has been operating for several 
months the filter skin gradually clogs and 
cleaning of the filter is necessary. This is done 
by scraping off the top few centimetres of filter 
bed and then restarting the filtration process. 

• Slow sand filters can only deal with water of low 
turbidity – for example 20-30 NTU 
(Nephelometric turbidity units). Otherwise they 
may need pre-filtration or settlement. 
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Conservation measures  
• Dual/low flush toilets (2-4 litres per flush) 
• Flow restrictors in showerheads 
• Showers are used in preference to baths. 
• Water efficient washing machines 
• Water for horticulture is supplied separately via 

a pond close to the main food growing area and 
via the lake for other areas closer to the homes 

• Water for gardens plants is taken from the 
nearby lake 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water consumption 
An average total domestic consumption is 148 
litres/person.day (OFWAT, Water & You. 1999-20 
00). The largest volumes of water use (excluding 
potable uses) are toilet flushing, bathing and 
clothes washing. In the HHP homes water 
consumption is much less. 
See ‘Reliability & Monitoring’ section for 
consumption figures. 
The water services are metered to two HHP houses 
& the whole site installed by BSRIA to study the 
consumptions. 
Commissioning 
The reservoir was initially lined with Bentomat; 
essentially a clay (Bentonite) impregnated carpet, 
and covered with soil. However this proved 
unsuccessful - leaking steadily. After a year of 
investigation the suppliers concluded that the 
ability of the material to form a waterproof barrier 
had somehow been affected due to the ‘hardness’ 
of the water entering the reservoir. The source of 
the water hardness was probably from limestone 

used in the collection system. The bentomat was 
removed and replaced with a plastic liner using 
“Blackline 500”. The removed bentomat was put to 
some use by laying it over the edge of the plastic 
and to a depth of at least a metre down into the 
water to prevent UV degradation. Limestone was 
also removed from the sump and replaced with 
pebbles. 

 
 
 

 
 

Maintenance  
The most frequent work has been checking the pre-
filters once or twice a month (depending on time of 
year), and cleaning them if necessary to avoid the 
water flow being slowed or stopped. A two year 
period of microscopic algal growth increased 
maintenance. To reduce the growth of algae a pair 
of bags containing barley straw (about ¼ to ½ a 
bale each) are still alternatively emptied on a 
quarterly basis and replaced with fresh material. 
The algal growth is now not a problem. The sand 
filters and sump are still checked quarterly. The top 
10mm of sand in the filters is removed every 12-18 
months to reduce the hydraulic resistance of the 
filter. 

Condition  
On site visits by BSRIA they reported: 
(See ‘Reliability & Water Quality’ for further 
details of BSRIA study):  
The grass catchment area is regularly used for 
animal grazing. The reservoir is relatively shallow 
and clear, which allows good penetration of 
sunlight that will assist in the decay of bacteria.  
The sand filters are capped with waterproof lids. 
During the monitoring period, a dead mouse was 
discovered in one of the filters. This resulted in 
elevated bacterial readings obtained on 26th July 
1999. 

 

Leaking reservoir with repair work 

 

Low flush toilet from Ifo 

 



 
 

 

Reliability & Monitoring 
Both the potable and non-potable systems have 
proved reliable since installation. The potable 
system had downtime when the pump bladder 
required replacement. On a few occasions the pre-
filters were not checked frequently and  blocked, 
leading to the storage tank running dry. This was 
remedied by cleaning the pre-filter and allowing 
the holding tank to re-fill. Both systems are direct 
supply and thus care has to be taken in ensuring 
taps are turned off during maintenance operations.  
The residents are aware of the minimal risks 
involved in using rainwater for drinking and 
bathing and are generally pleased with the water 
quality. Although bacteria were detected in the 
non-potable water supply, this is not felt to be a 
significant issue, as it is not intended for drinking. 
It was anticipated that small amounts might be 
ingested during bathing, but that the risk of illness 
low. There is evidence that low level exposure to 
bacteria in water or soil can facilitate some 
increased immunity to such bacteria. The fact that 
there have been no illnesses attributed to the water 
for over 6 years tends to support this. 

Independent monitoring 
HHP water systems were tested for about a year 
during 1999 by the Building Services Research 
Information Association (BSRIA) as a case study 
for a report on innovative water systems – 
Rainwater and greywater in buildings: Project 
report and case studies [TN 7/2001] Brewer D, 
Brown R, et al. 

The following monitoring actions were conducted: 
• Water samples were taken from house No.1, 

from the potable kitchen tap and non-potable 
bath tap. 

• Intensive water quality monitoring took place 
on the 26th to 27th May 1999 and 6th October 

• Water meters were installed on the total potable 
supply and total non-potable water supply for 
all five houses.  

• Electricity consumption for both potable and 
not-potable water use between 6th October and 
5th November 1999 

General data from BSRIA monitoring  
(See also Table at end of this section) 

⇒ Appearance - Water for both systems 
remained clear and colourless throughout 
monitoring period. Non-potable water did have 
a very slight tint but this was only visible when 
comparing two samples side by side. 

⇒ Odour - No significant odour was evident from 
either of the water sources. A very slight 
“concrete” taste was apparent in the potable 
supply – however this diminished with use. 

⇒ Temperature - Water temperature showed a 
clear seasonal variation. Temperatures of over 
200C recorded in warmer months are a concern 
if water is stagnant in the pipe work for long 
periods, such as holiday, when there is a 
potential for micro-biological growth. There is 
no residual disinfection in the system to 
prevent this. In these circumstances it is 
recommended to run the taps till the standing 
water temperature drops below 200C. 

⇒ Conductivity - The conductivity for the 
potable supply was much lower than the non-
potable supply. This was expected as the non-
potable supply had greater opportunity to come 
into contact with soluble salts from the 
catchment area. Rainwater collected from the 
glazed roof is inherently cleaner. 

⇒ pH – The pH of the water in either supply did 
not fall below 6.5. The highest pH was 9.41, 
which was obtained for the potable supply at 
the beginning of the monitoring. This was not 
unexpected, as the tank had just been 
constructed and was probably leaching trace 
quantities of alkaline components from the 
concrete. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 

 

⇒ Volume – The site was self-sufficient in its 
water needs during the monitoring period. The 
average daily consumption was 54 litres per 
person, which is very low when compared with 
an average household consumption of 148 
litres per person in the UK (OFWAT, Water & 
You. 1999-2000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
⇒ Energy use (potable) – During monitoring a 

pump electricity consumption of 1.79 kWh/m3 
was recorded. Including the UV disinfection it 
increased to 11.14 kWh/m3. One of the 
disadvantages of the UV system is that it 
operates continuously and therefore consumes 
electricity irrespective of the volume of water 
being treated (only 0.1m3/day is consumed). 

⇒ Energy use (non-potable) – The average 
electricity consumption was 3.10 kWh/m3. Due 
to the greater pressures and volumes required 
the electricity consumed is greater for non-
potable compared to potable supply. 

 
 
 
 
Microbiological Data from BSRIA monitoring 

(See also Table at end of this section) 
Potable 
The results of bacteriological monitoring indicate 
the treatment system is operating effectively. E coli 
were only detected on two occasions and coliforms 
on 4 occasions out of 18 samples. However the 
Total Viable Counts (TVR) from some of the 
samples were of a slight concern since they were of 
an order of magnitude higher than those obtained 
previously or subsequently. The reason for these 
transient increases was not known. 

It can be concluded that the potable water quality 
was good with only trace E Coli and coliforms, and 
that UV-disinfection was effective. 
Non-Potable 

Bacteriological analysis of samples taken from a 
tap in one of the bathrooms shows that E Coli have 
been detected on 8 out of 18 occasions. On one 
occasion this was in excess of 200cfu/100ml. 
However doubts must be expressed about the 
validity of this result. The total coliform count was 
only 9/100ml, and the 370C TVC count was 
0/100ml. E Coli counts of in excess of total 
coliform counts are theoretically impossible, since 
E Coli is a member of the total coliform group and 
as such “the part cannot be greater than the whole”. 
The next highest E Coli counts were 32/100ml and 
10/100ml. The total coliform and TVC counts 
obtained from these samples indicate that these 
were valid results. The higher count of 
32cfu/100ml can be attributed to a dead mouse 
found in the holding tank. The second reading can 
also be attributed to the dead mouse as bacterial 
levels will persist, even after its removal. Readings 
of coliforms and E Coli subsequently stabilized to 
levels found before the dead mouse. 
It is unlikely that counts of this magnitude indicate 
a health risk. However, they do suggest that the 
system is vulnerable to breakthrough by faecal 
contamination and that barriers of storage and slow 
sand filtration may on occasions only be just 
adequate.  
The non-potable water quality is not as good (in 
comparison to potable water quality), relying on 
sand filters with no disinfection.  

 

 



 
 

 

Conclusions/ Recommendations 

• Both the non-potable and potable systems at 
this site operated satisfactorily within adequate 
catchment protection and treatment barriers 
being used. However, to ensure continued good 
water quality it would be prudent to severely 
limit or discontinue animal grazing on the 
grassland catchment area and to ensure covers 
prevent rodents and insects entering the sand 
filters and storage tank. 

• UV lamp failure would be more easily 
identifiable with the use of a visual or audible 
alarm. 

 

• There is no undue concern to the health of the 
residents though possible precautions include: 
o Continued periodic monitoring 
o Cleaning of UV bulb 
o Frequent change of string filter and 

carbon filter (as specified by 
manufacturer. 

• The unexpected pump failure shows the 
disadvantage of direct supply. The availability 
of a gravity fed supply was prudent. The two 
separate water systems ensure security of 
supply. 

• During the monitoring period the storage 
capacity was shown to be more than adequate. 

Summary of the microbiological and physical data from BSRIA monitoring 
Non-potable (monthly tests) 
DATE TIME Temp 

0C 
Coliforms - 
CFU/100ml 

E Coli - 
CFU/100ml 

TVCs 220C 
CFU/ml 

TVCs 370C 
CFU/ml 

COD 
Mg/l 

Turbidity 
(FTU) 

Total chlorine 
mg/l (ppm) 

Chloride mg/l 
(ppm) 

12/01/99  19 14 0 720 0 16.3 0.41 ND  
1/03/99  19 0 0 14 0 <10 0 ND  

28/03/99  14.5 3 0 138 16 21 0.26 ND  
05/05/99   9 >200 420 0 13 0.09 ND 15.85 
26/05/99 10.30 15 22 0 300 30 17 0.42 ND 5.4 
26/05/99 12.00 15.5 101 0 300 48 18 0.37   
26/05/99 13.30 16      0.95 ND <0.5 
26/05/99 03.30 16 74 0 300 78 17 0.26   
27/05/99 07.37 15 18 1 420 104 18 0.84 ND 4.31 
27/05/99 10.30 15.5 15 1 460 146 17 0.26   
27/05/99 12.45 16      0.47 ND 5.62 
27/05/99 15.00 16 22 2 400 248 18 0.52   
28/06/99  21.5 89 0 3900 810 18 0.01 ND  
26/07/99  20.5 165 32 610 116 59.7 0.12 ND  
06/09/99   89 10 207 15 16 0 ND 21.72 
06/10/99 9.00  14 0 330 164 16 0.39   
06/10/99 12.20 20 21 1 89 28 17 0.13 ND 20.20 
06/10/99 15.00 20.5 4 0 410 98 16 0.05 ND 20.85 
8/11/99   0 2 101 1 20 0.02 ND 18.02 

28/01/00 

 

07.30  0 0 540 40     

Potable (monthly tests) 
DATE TIME Temp 

0C 
Coliforms - 
CFU/100ml 

E Coli - 
CFU/100ml 

TVCs 220C 
CFU/ml 

TVCs 370C 
CFU/ml 

COD 
Mg/l 

Turbidity 
(FTU) 

Total chlorine 
mg/l (ppm) 

Chloride mg/l 
(ppm) 

12/01/99  - 2 0 106 0 <10 1.46 ND - 
1/03/99  - 2 1 200 0 16 0 ND - 

28/03/99  14.5 0 0 6 0 <10 0.02 ND - 
05/05/99  - 0 0 290 0 21 0.2 ND <0.5 
26/05/99 10.30 15 0 0 300 0 <10 0.5 ND - 
26/05/99 12.00 15.5 0 0 300 0 <10 0.37  1.27 
26/05/99 13.30 16 - - - - - 0.34 ND - 
26/05/99 03.30 16 0 0 300 1 <10 0.31  <0.5 
27/05/99 07.37 15 0 0 260 0 <10 0.65 ND - 
27/05/99 10.30 15.5 0 0 360 0 <10 0.33  <0.5 
27/05/99 12.45 16 - - - -  0.36 ND - 
27/05/99 15.00 16 0 0 310 3 <10 0.42  0.61 
28/06/99  21.5 0 0 4000 300 <10 0.14 ND - 
26/07/99  20.5 0 0 4100 0 <10 0.21 ND - 
06/09/99  - 1 0 3000 520 <10 0 ND 2.79 
06/10/99 9.00 - 0 0 300 91 <10 0.23  - 
06/10/99 12.20 20 5 0 330 103 <10 0.18 ND 2.14 
06/10/99 15.00 20.5 0 0 300 108 <10 0.22 ND 2.35 
8/11/99  - 0 2 101 1 20 0 ND 1.92 

28/01/00 

 

07.30 - 0 0 730 820 - -  - 
TVC – Total Viable Counts 
COD – Chemical Oxygen Demand – predicts oxygen requirement for downstream treatment process. 
Chlorine indicates whether disinfection dosing is adequate 
ND – Not detected 
Where 0 cfu/100ml is used it refers to the limit of detection which is <1cfu/100ml 
Turbidity–High levels of turbidity can protect microorganisms from the effects of disinfection and can stimulate bacterial growth.



 
 

 

Costs 

Following financial analysis done by BSRIA. 
Non-potable water supply 

Item Value 
Water use and costs  
Total annual water consumption from monitoring data 377m3 
Financial saving made per annum as system not connected to mains. Total annual cost for water 
(taking mains water cost to be £0.76 m3 and proportion of standing charge £76.93 for 5 houses) 

£363 

Annual financial sewage saving (taking sewage charge to be £0.47m3.  Site not connected to main 
sewage system so include proportion of annual standing charge £38.47 for 5 houses. Deduct £76.31 for 
proportion of annual removal of sewage from site. 

£148 

Annual financial saving £511 
Capital Costs (Estimates provided by HHP)  
Site preparation costs, e.g. excavation of hole, tanks, open storage pond and filters. £9,000 
Purchase of components (pump, electrical wiring, control) £354 
Collection and distribution Pipework Included in site 

preparation 
Installation and commissioning £2,500 

Estimated total capital cost of non-potable system only £11,854 
Operating costs (known costs)  
Annual consumables (sand renewal) £40 
Annual electricity operating cost (3.1 kWh/m3) - cost per kWh (£0.06) £70 
Maintenance and inspection time estimated Not charged as 

carried out by users 
Total unplanned maintenance costs (pump failure replaced) Free replacement 

pump 
Total operational cost per annum (excluding unplanned maintenance costs) £110 

Actual annual financial saving (excluding unplanned maintenance) £401 
Cost per cubic metre of rainwater during the monitoring period (excludes capital costs) £0.29 

Payback period assuming water savings are the same as monitoring period and operating cost 
remain the same. Excluding unplanned maintenance. 

30 years 

Taking into account sewage system capital cost 55 years 
Potable water supply 

Item Value 
Water use and costs  
Total annual water consumption from monitoring data 15m3 
Financial saving made per annum as system not connected to mains. Total annual cost for water 
(taking mains water cost to be £0.76 m3 and proportion of standing charge £3.06) 

£14 

Annual financial sewage saving (taking sewage charge to be £0.47m3.  Site not connected to main 
sewage system so include proportion of annual standing charge £1.53 for 5 houses. Deduct £2.67 for 
proportion of annual removal of sewage from site. 

£6 

Annual financial saving £20 
Capital Costs (Estimates provided by HHP)  
Site preparation costs, e.g. excavation and construction of tank £1,737 
Purchase of components (pump, filters, electrical wiring, control) £270 
Collection and distribution Pipework Included in site 

preparation 
Installation and commissioning £500 

Estimated total capital cost of non-potable system only £2,507 
Operating costs (known costs)  
Annual consumables (cartridge filters and replacement UV lamp) £40 
Annual electricity operating cost (1.79 kWh/m, UV lamp 8.76 kWh/m 3) - cost per kWh (£0.06) £9 
Maintenance and inspection time estimated Not charged as 

carried out by users 
Total unplanned maintenance costs (pump bladder replacement) Free part but £25 

labour 
Total operational cost per annum (excluding unplanned maintenance costs) £49 

Actual annual financial saving (excluding unplanned maintenance) Loss of £29 
Cost per cubic metre of rainwater during the monitoring period (excludes capital costs) £3.26 

Payback period assuming water savings are the same as monitoring period and operating cost 
remain the same. Excluding unplanned maintenance. 

Unobtainable as 
operating costs 
exceed savings 

NOTE: Total cost is relatively small for five homes (HHP) 



 
 

 

Conclusions 

The financial analysis in the tables above has to make a number of assumptions. One of the key aspects of 
the Hockerton Housing Project was a desire to be autonomous of mains water. Therefore the capital costs 
could be considered as a requirement for the build and so financial comparisons not entirely relevant. 
Large capital items such as reservoir and reed beds also serve more than one purpose and are part of a 
larger scheme. So some of the costs would have been incurred whether used as part of the water system or 
not. The local village is also not connected to mains sewage and so costs for sewage storage (septic tanks) 
and removal would have been required anyway.  
There are also a number of factors that are likely to have longer term positive and negative effects on the 
economics of HHP managing its own water supplies. 
Possible increased savings: 
• The water usage in the analysis were based on homes built with water conservation in mind. A more 

conventional house is likely to use far more water without low flush toilets, aerating taps, focus on 
showers, etc. Therefore in reality the savings would be much greater. 

• Water usage is further lowered due to the access to pond water for gardens, growing areas and 
washing cars.  

• An increasing proportion of the electrical energy requirements are produced on site with renewables. 
Possible decreased savings: 
• Equipment repair and replacement 
• Costing in maintenance carried out by house occupants 
 
 
 
Sources of materials used 
 
COMPANY MATERIALS SUPPLIED  
Construction (Merchants) 
Jacksons Mainly plumbing products  
Construction (Materials) 
Hepworth Hep2O plumbing  
Naylor Clay Drainage Clay pipes for ventilation & drainage  
Stanton Bonna Concrete rings for water storage  
Klober Copper goods for rainwater collection  
Landscaping/machinery 
David Leigh Water systems design  
A & V Squires Plant  
Company Ltd 

Excavation and soil movements  

Technology (Finished Goods) 
ITT Flygt Ltd Utility pump  
Grundfos Pumps Ltd Water circulators  
Silverline Ltd. Water filters  
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General Advice 

Increase awareness of water usage 

Water meters should be installed wherever possible – real water savings can be achieved when occupiers 
pay for what they use. Ensure that they are installed correctly and serviced correctly. 
 
Best ways to conserve water supplies and reduce usage costs

  Consider the following: 
• Dual-flush and low-flush toilets can reduce water use by up to 20%. A cistern displacement device such 

as a ‘hippo’ can be fitted to older cisterns to reduce capacity. 
• Showers rather than baths as they use around one third as much water as a bath, (except for ‘power 

showers’)  
• Fitting spray taps for washbasins can save 80% of water use.  
• Low-water use fittings should be as near to the hot-water source as possible to reduce ‘dead legs’ and 

the consequent waste from running the hot tap until it gives hot water.  
• Fit water-efficient washing machines and dishwashers 

 
Collect and recycle water within a building 
Buildings can be designed to allow recycling of ‘grey’ water (usually from bath, shower and washbasins) 
for flushing toilets and other low quality uses. In homes the volume of this ‘grey’ water is similar to the 
amount required for toilet flushing, providing potential savings of about a third.  
Rainwater collection can be undertaken at different levels of cost, complexity and saving: 
• A water butt is inexpensive and will offset the use of mains water in the garden. 
• Collecting rainwater for flushing the toilet and for use in the washing machine  
• Collecting rainwater for drinking and cooking requires filtering and purification 

Reduce mains water supplies for watering plants 

• Use collected rainwater (e.g. water butts) or household ‘grey’ water. 
• Avoid plants requiring large amounts of water. Design for future decreased rainfall in summer months. 

Consider the potential flood risk for the site 
If you are concerned, check on the Environment Agency website, which contains detailed maps of river 
valleys vulnerable to inundation. If the location is in a flood risk area, you may be required to do an 
individual flood risk assessment and to gain planning permission show how you will minimise that risk for 
occupants. 

 
Minimise local flooding risk 
Adopt a Sustainable Urban Drainage Systems (SuDS) approach to storm-water drainage. With SuDS, the 
principal methods of surface-water control slow the rate of flow (e.g. filter strips, swales, earth roofs and 
soakaways) to prevent flooding and erosion, thereby spreading peak flows over a longer period. They can 
also treat water-carrying pollution (e.g. oil interceptors) and enhance water features (e.g. balancing ponds) 
and biodiversity on the site. 

 
 
 



 
 

 

Further Resources 
 
Websites 
• Affordable Water - a guide to cutting water 

consumption and costs for housing association 
residents- (see www.sustainablehomes.co.uk) 

• Aquaspec (www.ecde.demon.co.uk/aquaspec/ )is 
software designed to enable designers, managers, and 
users to compare the water savings and costs of water 
conservation measures. It also provides information on 
suppliers of equipment. It can be downloaded from  

• Bio-Regional Development Group 
(www.bioregional.com) - see key case studies 

• Centre for Alternative Technology (www.cat.org.uk) 
- a leading eco centres including practical solutions for 
alternative water supply and sewage treatment. 

• CIRIA – Sustainable Urban Drainage Systems 
(www.cirai.org.uk/suds) 

• Environment Agency (www.environment-
agency.gov.uk) – The Agency provides information and 
advice about water conservation and management. Also 
provides a 24 hour hotline (0800 80 70 60) 

• FreeRain (www.freerain.co.uk)– Rainwater collection 
system 

• Planning Policy Guidance PPG25 Development and 
Flood Risk 
(www.planning.dtlr.gov.uk/consult/revppg25) 

• Severn Trent Water – provide advice to businesses on 
water management and bet practice (www.severn-
trent.com). Freephone: 0800 169 4987 

• UKCIP (www.ukcip.org.uk) - For information on 
climate change and predicted future weather patterns 

• Water Resource Information Site 
(www.water.org.uk)  

 
 
Further Reading  
• Conserving Water in Buildings and A Study of 

Domestic Greywater Recycling both published by the 
Environment Agency www.environment-agency.gov.uk  

• Lifting the Lid by P Harper and L Halestrap (Centre 
for Alternative Technology, Machynlleth, 2000). The 
definitive UK dry toilet book; also covers household 
nutrient recovery and composting.  

• Rainwater and greywater in buildings: Project 
report and case studies [TN 7/2001] Brewer D, Brown 

R, et al – see ‘references’ above for further details or 
visit publication section of www.bsria.co.uk  

• Sustainable Housing – options for independent 
energy, water supply and sewerage (Smerdon/ 
Waggett/ Grey) - Application Guide AG26/97 (order 
via www.bsria.co.uk)  

• Sewage Solutions by Nick Grant, Mark Moodie, Chris 
Weedon (Centre for Alternative Technology, 2000). 
(order via www.cat.org.uk)  

• Sustainable Urban Drainage Systems: an introduction 
from the Environment Agency and Scottish 
Environment Protection Agency. Good introduction to 
the principles and a pointer to further information. 

• Water Conservation, A guide for installation and 
maintenance of low-flush WC’s and Low Flow 
Showers and Flow Restrictors, Building a 
Sustainable Future, all published by the Building 
Research Establishment at www.bre.co.uk. 

 
Case Studies 
• The Autonomous House, Southwell – Collects water 

from the roof for all need, and stores it in 30,000 litres 
of tanks in a basement; and uses a composting toilet to 
turn human waste into garden fertilizer.  

• Nottingham Eco House – Rainwater collection, water 
conservation measures & wastewater treatment 
(bespoke wet toilet with composting toilet in chamber) 
– www.msarch.co.uk/ecohouse  

• Millennium Green, Notts - collect rainwater for 
toilets, washing machines and outside taps – 
www.gustohomes.com 

• Beddington Zero Energy development – Rainwater 
collection, water conservation measures and community 
‘Living Machine’ for sewage treatment 
(www.bioregional.com)  

• Perranporth, Cornwall, 17 homes with a range of 
water-saving measures by Devon & Cornwall Housing 
Association. 

• Childwall Environmental Demonstration Project, 
Liverpool for water recycling and rainwater collection 
in 22 homes. 

• Gledhow Bank, 11 Allerton Park, Leeds LS7 4ND. 3 
homes with reed-bed and waterless toilets. 

 



 
 

 

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     
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