Passivhaus Plus Project Documentation
Carrstone House, Maulden, Bedfordshire UK
Abstract
Single family detached three-bedroom home in Bedfordshire, England

Building data
Year of Construction
U-Value external wall
U-Value floor
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U-Value window (avg.)
Treat Floor Area
Heat Recovery Efficiency
Special Features

2016
0.143 W/(m2K)
0.117 W/(m2K)

Space Heating

Heating Load
Renewable Primary
0.113 W/(m2K)
Energy (PER)
2
0.93 W/(m K) Renewable Generation
221.2 m2
Frequency of Overheating
(>25 oC)
91.1%
Pressure Test (n50)
Full Roof of Photo Voltaic panels
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16
kWh/(m2a)
10 W/m2
35 kWh/(m2a)
87 kWh/(m2a)
4%
0.3 h-1

1.0 Brief description
Carrstone House has been designed to meet the clients desire for a highly
environmentally sustainable life, achieving Passivhaus Plus certification. The house
although only 3 bedrooms, has large living spaces and a downstairs bedroom
making it suitable for the later years of life. This unfortunately makes the form factor
larger due to half the house being single storey so additional insulation thickness
was required.
The living spaces are arranged in an open plan format facing south to use maximum
solar gain. The single storey living area has a sloping roof to provide 1 – 1½ story
height rooms. The master bedroom and living are the most used rooms and are
therefore located to the south maximising the views. A central utility spine separates
private and public area within the house, providing a clear design feature.
The house optimises high levels of natural light, reducing energy usage and
improving wellbeing. Solar panels incorporated into the roof provide 24kW peak of
electricity provide enough energy to completely meet the power and heating need of
the home, with excess to run an electric car. These panels are fitted seamlessly
within the roof, having glass surrounds and integral roof lights. These panels make
the house carbon neutral and energy positive. Efficient water fittings, water butts and
sustainable drainage solutions are included to reduce the usage of water.
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2.0

Views of the Building

Front entrance elevation, north facing with smaller windows and separate garage.

Approach to the house from North, with feature local “Carrstone” wall, PV roof just
visible.

Rear south elevation facing the garden with larger windows & good views over
countryside. External awning on main patio doors used in summer.

Drone view of house, showing integrated PV roof, & roof lights (Garage just flat roof
membrane).

Vertical drone shot showing house within garden.

Drone view of rear of house.

Interior hall with views through to the
living space and garden beyond.
MVHR ducts supply and extract
ducts to kitchen and study visible.
Supply of water to kitchen also
housed in additional ventilation duct
for easy routing.

Dinning / Living space overlooking garden with sloping roof.

View back to kitchen & pantry.

View back to hall and stair to first floor.

Evening sitting room / media room to north.

Study.

Master bedroom with views to the south.

Ground floor WC / shower room.

3.0 Sectional drawing

This typical section shows the sloping roof to the living areas, and the 2-storey
sleeping area.

4.0 Floor plans

Ground floor provides living accommodation along with guest bedroom and study.

The first floor has the master bedroom and en-suite, a further bedroom and en-suite.
Also included on this floor is the hot water tank, and heat pump.

5.0 Construction details of the thermal envelope
5.1 Ground floor slab

The ground floor is constructed of a 150mm concrete slab floating on bed of 300mm of EPS
insulation (0.038). The edges of the slab are thickened by 100mm to provide additional
strength for the walls and this is taken into account in the PHPP using a psi value of 0.050
W/(mK) for the foundation perimeter. The prefabricated Larson truss is then supported on
the slab, with the outer leaf cantilevered out over the insualtion to form a relatively thermal
bridge free junction. The heavy patio and front doors are supported on compact foam with
bolts cast into the slab, where the doors are positioned within the insualtion zone.
U Value = 0.123 W/(m2K)

5.2 Exterior walls

The external walls were constructed by MBC Timber
frame, using prefabricated wall panels with twin
studs 89 x 38 forming a 300mm cavity filled with
Warmcell insulation (recycled newspaper) (0.036
W/(mk). A proprietary airtightness OSB board is
used on the inside to form the airtightness barrier
taped at all junctions. Followed by battens to
plasterboard to from a service cavity. Timber and
plywood gussets were used to cantilever the outer
frame. The outside of the frame is formed with
timber board and weather proof membrane. The
outside of the wall is then battened to form a
ventilated void and cement board and render finish.

U-value = 0.136 W/(m2K)

5.3 Roof

The roof was constructed like the walls with twin joists from the eaves to abutment
and filled with Warmcell insulation. The upper deeper chord taking the load, being much
thicker. An inner finish of taped proprietary airtightness OSB board again is used for the
airtightness barrier, followed by a service void and plasterboard. Careful detailing at the
eaves also kept the thermal bridging to a minimum.
The surface of the roof utilises the GB Sol PV integrated PV system with glass PV panels
supported on an aluminium railing system. Glass was used to the perimeter to limit the
amount of PV provided to 24kW peak, as this was the maximum allowed by the district
network operator. The eaves and verge were then finished with aluminium flashings.
U-value = 0.113 W/(m2K)

5.4 Windows

The windows on this project are Internorm HF310’s, timber aluminium windows, KF410’s
UPVC in the bathrooms upstairs and HS330 timber aluminium sliding doors in the lounge.
All have thermally broken frames, the U value of the frame varying from 0.72 W/(m²K) to
1.44 W/(m²K) for the sliders. The glazing is triple glazed with low e coatings and argon gas
filled. Ug is generally 0.50 and the g value 47%
Sliding doors were selected over bifold due to their superior air tightness. The windows are
tilt and turn and open to the inside allowing additional insulation to be added around the
frame on the outside, reducing the area of visible frame and consequential heat losses
considerably. Internal comfort around the windows is high enabling siting and reading by
them even on the coldest days.
The overall average U value for the windows was 0.93 W/(m2K).

6.0 Airtight envelope
A continuous air tight layer is essential in keeping draughts out and meeting the Passivhaus
standard. All detailed drawings showed the airtightness layer in red, this included, the
concrete slab, proprietary airtightness boards, tapes, window frames and glass.
The airtightness strategy involved lining the inside of the external walls and the roof with
proprietary airtightness boards taped with Siga & Pro Clima airtightness tapes at all joints
and junction with the concrete slab, window openings and service penetrations. At
intermediate floor junctions an airtightness membrane was used to link together the
airtightness board on the ground floor to the walls above, going around the wall plate. In
addition to this a good wind tight barrier was formed on the outside using a wind tight
membrane.

The resulting air pressure tests carried out by Rhys Davies of Melin, provided a
pressurisation air change rate of just 0.269 h-1@50 Pa, and the depressurised result was
0.280 h-1@50 Pa. giving an average of 0.27 ach/hr.

7

Ventilation System

7.1 Ventilation ductwork
The MVHR unit is located on the
ground floor in the utility room, it
was going to be enclosed in a
cupboard, but as the ducting was
so neat it was left exposed,
allowing easy access. The fresh air
intake and exhaust are taken
straight through the wall, keeping
duct lengths to a minimum. All
ductwork is in ridged galvanised
steel, with sound attenuators, as
necessary.

Ground floor

Air is distributed to the bedrooms,
living room, and study via ducts
within the first floor, and exposed
ducts in the study and pantry. This
air is then transferred under doors
and through the hall to the kitchen
extract and extracts in the
bathrooms. Air transfer routes are
provided under doors, note that the
extract from the kitchen, utility and
shower room is greater than the
supply and so this draws additional
air down the stairs from the firstfloor bedrooms, keeping the hall
way ventilated.

First floor

Axonometric showing
duct routes

7.2 Ventilation Unit
Ventilation is provided by the
Passivhaus Institute certified
Paul, Novus 300. Located in a
ground floor utility room, with
short, insulated ducts to the
outside for supply and extract.
The heat recovery system
has an effective heat recovery
efficiency of 93% and an
electrical efficiency of
0.24Wh/m3. Overall, the
system has an efficiency of
90.9%

8.0 Heat supply system
The roof was to have as much Photo Voltaic (PV) panels as possible to generate
electricity for the house, the electric car, and the grid. Due to the size of the PV
array, we proposed, we were required to obtain a power station licence from the
district network operator, this was obtained but limited to 25 kW peak, as the grid
infrastructure could not take anymore. Unfortunately, this left us short of the aim of
achieving the Passivhaus Premium Standard. The options we had were additional
generation provided through additional PV but capping this supply to the grid and
storing on site in Batteries, however due to the 3-phase system this proved
expensive as 3 battery systems would be required. The second option was to buy
shares in a new renewable energy scheme, this was explored however a suitable
scheme was not found but may be done in the future.
It made sense to use as much of this free electricity as possible to heat the house.
Direct electric heating was considered, however utilising an air source heat pump
provide much greater efficiency, and this could also heat the domestic hot water
needed for the property. Heating is provided by a Mitsubishi Ecodan PHUZW50VHA 5kW air source heat pump, linked with a Mitsubishi EHPT15 – 170 Litre
pre plumbed slimline space heating and hot water cylinder. From this underfloor
heating on the ground floor is supplied as well as towel rails in bathrooms. As the
house retains its heat, the underfloor heating is rarely used, and the main reason for
installing it was for resale value, as potential buyers would understand it and the
additional cost of laying the pipes in the concrete floor as minimal. Domestic hot
water is also provided by this system with electrical immersion heater top up /
backup.

9.0 PHPP Key results
The results of the PHPP show that it meets the requirements of Passivhaus Plus.

10.0 Construction Costs
The total cost of the build was £497,514 this included the garage, new access drive
to the house and extensive ground works. Excluding the abnormals this equates to
approx. £2,130 of treated floor area.

11.0 User satisfaction
The owners are extremely happy with the house, and have been willing to show
there house in a number of the International Passivhaus open days, and this year
due to Covid restrictions allowed us to make a film for the open day.
https://www.youtube.com/watch?v=m2gMdGa_XVk&t=6s

12.0 References
The Daily Telegraph, Saturday 3rd March 2018.
The article titled ‘Make your house pay its own bills’
features this project alongside other sustainable
projects around the country. It talks about how the
homes have been designed to be as energy efficient
as possible. Our clients Paul and Belinda say:“It’s
an extremely comfortable house to live in and we
only need the underfloor heating for three months of
the year. We are on the highest feed-in tariff, so our
energy costs us nothing, and we generate enough
electricity to charge our Tesla car for free”.
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Eco Excellence -‘A sustainable design and build
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