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ZEDfactory

Zero fossil 
energy developments

Zero fossil energy developments
ZEDstandards
ZEDfabric

Bill Dunster architects @ the ZEDfactory
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First Oil Well ?

The human population of the planet is directly proportional to 
the availability of cheap energy ?

Colin Campbell 060704 presentation @ house of commons
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Geographical Analogues: Peak temperatures

Paris 1961-90 Temperatures 
? London 2020s (Medium)

Marseille 1961-90 Temperatures 
? London 2080s (High) 
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Eco - footprint at BedZED

- what right do we have to consume more than our fair share of limited international resource ?
copyright 2004
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Home truths ?
Chinese oil consumption rose 17% last year

China is expected to double its oil consumption over next 15 
years

Peak oil occurs more or less now

Peak gas occurs in about 5 years time

Peak nuclear occurs 10 to 15 years later

- the UK could only ever produce 30 % of 
current energy demand from renewable 
sources from within our national boundaries
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Current UK energy consumption

Industry 1416 Twh /yr 20 %

Transport 2397 Twh/yr 33 %

Domestic 2034 Twh/yr 28 %

Agriculture/services 872 Twh/yr 12 %

other uses 508 Twh/yr 7 %

Total 7228 Twh/yr 100 %

subtract losses 2968 Twh/yr 41 %

power consumed 4259 Twh/yr 59 %

UK energy national renewable resource
Wood fuel OD 6 kg/capita/yr @32 kwh 1 %

waste veg oil 2 kg/yr @12kwh 0.5 %

other biomass 330 kg/yr @ 764 kwh 23 %

Offshore wind 1100 kwh/capita/yr 33 %

Onshore wind 88 kwh/capita/yr 3 %

PV 407 kwh/capita/yr 12%

Microwind 244 kwh/capita/yr 7.3%

Wave 550 kwh/capita/yr 16.5%

Tidal 20 kwh/capita/yr 0.6%

Waste technologies 71 kwh/capita/yr 2.1%

Landfill Gas 38 kwh/capita/yr 1%

Total 3326 kwh/capita/yr 100 %

80% reduction needed from current consumption
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Electricity from wind

Good practice

Typical

Air conditioned

Good practice Cellular

0.4

Good practice Open

Natural Ventilation

0.65

Credit – Bill Gething

0.3

ZEDstandards
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This house
Is made here, using 
lightweight modern methods 
of construction, that is likely 
to need airconditioning in 
summer within 30 years

copyright 2004
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Hackbridge Station

20 mins to London 
Victoria main line 
terminus

Bus 
stop

Tram link to 
Wimbledon 
and Croydon

Ecology 
park

school

shops

copyright 2004

copyright 2004
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BedZED Beddington Zero Energy Development BedZED? ? ? ? ?

BedHED Beddington High Energy Development BedHED? ? ? ? ?

copyright 2004

providing an enhanced standard of living and carbon neutrality
??????? ???

copyright 2004
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ZEF zero emission farm

•Commonwork is an organic farm and study centre at Bore Place in the low weald of Kent. 

•A food link between ZEF (and neighbouring producers) and ZED’s in the future is being developed. 

•Web based ordering. 

•Zero packaging produce delivered in green vehicles - compost waste pick up.

•Bio fuel deliveries ( pellets for heating, vegetable oil for transport) 
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Materials Palette

Local - Natural - Durable - Reclaimed 

copyright 2004
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BedZED 1999 as part of a future eco park providing biomass for fuel 
? ? ? ? ? ? ? ? ? ? ? ? , ? ? ? ? ? ? ? ? ? ? ? ?

copyright 2004
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Project Balance Sheet
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HVAC strategy

Low Carbon HVAC
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100 units / year ZEDspec = 15 % above building regs
minimum

1000 units / year ZEDspec = 5 % above building regs
minimum

5000 units / year ZEDspec = same price as 
building regs minimum

Annual new build homes in UK / year - average 162,000 @ average density 26 homes / ha

requiring 6,230 ha of land

Gov sustainable communities programme calls for 20,000 extra / homes / year

The ZEDspec becomes affordable with economies of scale

- it is only more expensive today because of low throughput through the supply chain

We only need 3% of the UK new homes to be built to the ZEDspec to be cost neutral 
with current building regs minimum specification @ average density of 80 homes / ha

If all 162,000 homes were built to ZED spec at ZEDdensities only 2025 ha required, 
saving two thirds of the increase in urban sprawl, and still providing every home with a 
garden

copyright 2004
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BedZED - 100 units

cost £ 1475-00 m2 gross internal

ZEDinaBox value engineered version -

cost £ 1250-00 m2 on a 225 unit scheme

Small 12 to 15 unit ZED terrace on site at moment

cost £ 1375-00 m2

Rural ZED contractor build 6 weeks/ unit - 220 units

cost £ 1100-00 m2

Rural ZED kit self erect - 20 units

cost £ 875-00 m2

Rural ZED with energy mortgage adopted and contractor build

cost £1050-00/m2

Costs
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ZED fabric standards

- south facing unit

- ruralZED typology

- sunspace provides heating 
for two months either side of 
heating season

- heat load reduced to 1.5 kw
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Electrical Energy Supply/Demand
3.5m2 SHW, 10m2 PV, 600W Turbine
Heating 18, Cooling 25 (not needed)
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Chart 1 Capital Cost per percentage point reduction in CO2 
(£s per percentage point reduction in CO2 without running cost)

This chart shows the cost of installing low Carbon technology over the cost of the 2002 house with condensing gas boiler. It canbe 
seen that the cheapest way to save carbon on day one is Air to water heat pumps (if you are going to be a careful user), biomass
boilers and wind turbines. The most expensive ways are fan powered heat reclaim ventilation (because it doesn’t save that much 
carbon for its cost), and ZED standard construction (because whi le is saves a lot of carbon, it is expensive to build).
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Chart 6 Energy prices at 5% pa price increase over the next 50 years 
(The Arup conservative assumption)

(remember petrol was 4p a litre 35 years ago)
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The most confident energy price projection we can find is an Arups scenario projecting that average energy price 
trends for both gas and electricity will compound at 5% per annum excluding inflation. This may be experienced 
as a series of step changes and plateau as new supplies of gas suddenly become economic following a step 
change.

This chart shows how the different technologies move from costing the installer money per percentage 
point CO2 reduction, to earning the occupier money, either by reducing their bills from what they would 
have been paying in a 2002 house or actually displacing energy used and selling back to the grid. It can 
be seen that any technology that uses electricity hardly saves (or generates) cash for the user where as 
technologies that generate high value, high grade electricity pay back the most. 
ZEDstandard, though one of the most expensive capital cost technologies becomes one of the 
best performers as it saves money year on year and has no depreciation (replacement costs). As 
fuel prices rise, so does the income from savings made .

ZEDstandard Chart 1 Cost per % point reduction in CO2 over a 2002 building regs home 2005 to 2050
Includes replacement, income from generation/energy saved and estimated projected energy price increases. 

Biomass fuel costs tracks gas. No inflation
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ZEDstandards Construction

Electric Fan Heat Recovery Ventilation
Wind Powered Heat Recovery Ventilation
Solar Orientation Optimised (sunspace)

Solar Hot Water
Biomass Heating and Hot Water

1kW Wind Turbine
1.8kWp of Photovoltaic
Careful Nibe User (no immersion)

Inefficient Nibe User (immersion used)
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Technology

Chart 5 total additional cost/income experienced by 2050 
(total capital plus running cost/income on top of that experienced with a 2002 building regs with a gas condensing boiler)

This chart compares against chart 2. Again it can be seen that the gross cheapest technologies at day one are an order of magnitude 
more expensive because of the cost of the fuel that has been required to run them above and beyond what would have been spent 
running a gas condensing boiler in a 2002 building regs house.
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?
?
?
?
?
?
?
?
?

Wood chip - a carbon neutral fuel from renewable sources

copyright 2004
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Building integrated micro generation increases 
the residents awareness of energy consumption
???????????????????
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Domestic Wind Turbines - 50% of Your Power
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Evacuated tube Solar thermal 
collectors  can provide around 
60 % of annual domestic hot 
water, and means pellet 
boilers can be turned off 
almost all summer.
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Radiators

Underfloor
Heating
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Buried tank

Pellet Storage systems
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Different 
solutions for 
different 
densities 
and scales

Solar electric cells powering carbon neutral cars, both 
private and pool

109 KW peak PV 
installation @ BedZed
powers up to 40 electric 
cars from the pool - each 
travelling around 10000 
miles / year. PV pays back 
in 14 years when used to 
charge electric cars

The solar electric panels at Hope House power the Citroen Berlingo for around 5,500 
miles / year. The cost of the panels and the modified van is still less than the cheapest 
people carrier on the market - with similar functionality in urban areas.
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VW Lupo 87 mpg - conversion to run off straight vegetable oil £1350-00
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Transport Infrastructure - Vegetable Oil Vehicles

EFFICIENT MODERN 
ENGINE

ZEDfactory office car, 
running on vegetable oil 
for the past year, at 80 
mpg. £1400 conversion

VEGETABLE 
OIL

Locally grown 
vegetable oil 
available from 
nearby ZEF

CONVERSION KIT

Single tank conversion kit 
from Germany -
www.Elsbeth.com

ON-SITE BIOFUEL STORAGE

1200 Gallon purpose built steel 
bunded fuel tank = £2000
1 full tank gives 10 vehicles 9`600 
Miles each per annum @ 80 mpg 
(VW Lupo / Polo 1.9L)

Electric Bicycle Charging

PV 
streetlamp / 
bicycle 
charging 
point. 
Cost: £5000

Electric bikes are 
now on the 
market from 
around £500

Conversion 
kits 
available 
from  
around 
£300
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How Does an A1ZEDUP Change Your Home ?
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ZEDfactory

Zero fossil 
energy developments
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Presentation HA

PRP / ZEDfactor

- 12 key worker housing 
units

- built to ZEDstandards
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Full site of 134 dwellings complete with PV Turbines and Sedum roofs. 

This is the full ZED specification including all additional items - full PV, full 
wind turbines, sedum roofs.
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Moleseyhas a history of 
regular flooding

Proposed site is 
raised to within 
300mm of the Hurst 
Road which was 
raised to prevent 
flooding. The 
proposed level of 
the site is 20% 
above the 
environment 
agencies 
recommendations

space heating in home

domestic hot water

appliances in home

personal transport

energy to build home

waste and consumer items

food

shared services

shared infrastructure

0.36

0.48

0.36

2.16

0.36

1.56

2.88

1.44

2.4

3%

4%

3%

18%

3%

13%

24%

12%

20%

0%

0%

7.6%

15%

5%

22%

23%

10%

17%

0

0

0.27

0.54

0.18

0.78

0.72

0.36

0.6

3.54 
ton 
CO2

12.0 
ton 
CO2

Typical UK Resident ZED quarter Resident

- new well insulated home

- drives 5000 miles/year

- one short haul flight to      
Spain/year

- PV and solar thermal 
upgrades fitted

-drives veg oil car

- holidays in the UK

- cycles to station daily

- cycles to local market

- deliveries from Zero Fossil 
Energy Farm

100% 100%
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Legacy Index 

Foundations 

to Fixtures

Main Core - 5 Generations - 125 years
- Mass Concrete foundations

- Galvanised steel shoes

- Timber post and beam structure

- Concrete thermal mass panels

- Plywood flooring deck

- Rockwool insulation

- Breather membrane

- Roof truss

- Outer brick skin and plinth

- Timber joists and stud partitions

Fitout - 2 Generations - 50 / 60 years
- Roofing membrane

- Standing seam roof

- Green roof sedum

- Wind cowls

- Timber rainscreencladding

- Floor paviors and tiling

- Flashings and copings

- Render

- Internal joinery

- Plasterboard

- Timber stairs and internal doors

Servicing - 1 Generation - 20 / 30 years
- Kitchens and bathrooms

- Plumbing and electrics

- Sealants and seals

- Timber doors and windows

Applied finishes - 6 years
- Paint finsh and natural wood wax

Rural ZED cost breakdown of £ 1050-00 /m2 gross internal build rate

- prelims / profit 10 %

- foundations 4%

- Framing 15 %

- secondary timber 16 %

- envelope and insulation 6 %

- roof 4%

- cladding / windows 10 %

- Renewable energy 15 %

- Fit out and kitchen 15 %

- M and E 15 %

Total labour breakdown across all packages is approx 55% of total completed cost -
this is the place to achieve cost reductions not  minimising component quality or 
green specifications



67



68



69



70

January 1st

10:00                              12:00                        14:00                         16:00
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Modern Group - MOMA
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? ? ? ? ? High technology 
cycling - reconciling low 
carbon with personal fitness 
and social status ?

copyright 2004

?????
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velocity - living in the city ? ? ?
?

copyright 2004
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Standard Build
35-50mm insulation, 2 ac/hr ventilation, Venetian blinds

?????? : 35-50? ? ? ? ? , ? ? ? 2? ? ? ? ,? ? ?

Heating load

????

Solar gains, infiltration and poor 
insulation result in large cooling 
loads

? ? ? ? ? ,? ? ? ? ,? ? ? ? ? ? ? ? ? ? ? ? ?
?

Heat loss through 
draught 
infiltration

??????????

Cooling 
load

????

Heat loss through poorly insulated 
walls

?????????????????

?

Heat gains 
are positive

??

Heat losses 
are 
negative

??

?

??

??

???

??

????

??????

??????

??????????

ZED Apartment
Heat recovery ventilation, external blinds, high mass night cooling

? ? ? ? ? - ? ? ? ? ? ,? ? ? ? , ? ? ? ? ? ? ? ? ?

Negligible 
heating load
? ? ? ? ? ? ? ?

Efficient shutters cut out solar gains, good insulation and air 
tightness minimise cooling loads

??????????? ,????????????????????????
?

Background ventilation losses 
minimised by heat recovery units

????????????????????

Cooling 
load reduced

??????

Heat loss reduced with well 
insulated walls

?????????????????

CO2 Reduction

48%

??

??

???

??

????

??????

??????

? ? ? ? ? ? ? ? ? ?

ZED????????
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ZED Apartment – Cool Island Design
Controlled ventilation 0.5 ac/hr, external blinds, high mass night cooling

? ? ? ? ? - ? ? ? ?
? ? ? ? ? ? ? ? ? ? ? 0.5? ? ? ? ,? ? ? ? ,? ? ? ? ? ? ? ? ? ?

Cooling load further reduced by 
cooler outdoor temperatures

???????????????

Night cooling ventilation in 
spring and autumn when air 
moisture reduced

????????????? ,?????
????????? .

CO2 Reduction

51%

? ? ? ? ? ? ? ? ? ?

??

??

???

??

????

??????

??????

ZED????????

CO2 Emissions
? ? ? ? ? ? ?

CO2 Emissions

-1
0
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5
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O
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m
2

CO2 Reduction

51%

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

CO2 Emissions

-1
0

1
2

3
4

5

kg
 C

O
2/

m
2

Improvement 
to building 
fabric
? ? ? ? ? ? ? ?

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

? ? ? ? ? ? ? ? ? ?

?? ?? ??
??
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CO2 Emissions
? ? ? ? ? ? ?

Change from fossil fuel heating 
and conventional air conditioning 
to ground source cooling and heat 
pumps

????? /???????????????
?????????????? .

CO2 Emissions
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CO2 Emissions
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CO2 Reduction

63%

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

?? ?? ?? ??

? ? ? ? ? ? ? ? ? ?

CO2 Emissions
? ? ? ? ? ? ?

Addition of Solar Hot 
Water and Photovoltaic 
panels

? ? ? ? ? ? ? ? ? ? ? ?

CO2 Emissions
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CO2 Emissions
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CO2 Reduction

92%

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

Heating 
(MWh/yr)

Cooling 
(MWh/yr)

Hot Water 
(MWh/yr)

Elec Appl 
(MWh/yr)

? ? ? ? ? ? ? ? ?
?

?? ?? ??
??

? ? ? ? ? ? ?
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Solar powered desiccant cooling

• Supply air dehumidified with liquid 
desiccant.

• Exhaust air cooled by evaporative 
cooling.

• Supply air cooled by exhaust air 
via heat exchanger.

• Liquid desiccant regenerated with 
heat from solar collectors.

• Optional forced air from individual 
room fans.

• Optional additional slab cooling 
from ground water.

• Works in vertical or horizontal 
system
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Modern Group - MOMA

copyright 2004



93

Free access website setting the performance standards :

WWW.ZEDSTANDARDS.COM

pdf download

- a low carbon roadmap to 2050

www.stormsmith.nl

pdf download

- nuclear power - the facts

www.neweconomicsfoundation.org

pdf download 

mirage or oasis ? energy choices in an age of global 
warming

www.zedfactory.com

- building the microgeneration


