
3 Gables Rainton:  Towards a Nearly Zero Carbon Passive House in Yorkshire: 

Building a low energy house in North Yorkshire / Self Build Diary  

 

“We’ll build an Eco house when we retire, our own Grand Design” 

How many times have you heard that said? 

 

In the winter of 2008/9 my wife, Jenny and I got talking to Mike Coe and Lizzy Stoodley who lived next door 

to my sister in Worcestershire, about an “Eco house” that they were going to build in the village of 

Cropthorne. This was the Autonomous Cropthorne House based on the principles of the early pioneers of 

British Eco houses, Brenda and Robert Vale. This got us thinking. It can’t be that difficult, can it? 

 

Following a visit to the Homebuilding Show at NEC in April 2009 we started in earnest looking for a suitable 

building plot in North Yorkshire, near enough to our present home so as to avoid caravans and/or rented 

accommodation during the build. 

 

Searching for a plot of around 1/4 acre proved very difficult. The few we saw were mostly back or side 

gardens and did not inspire us at all. 

 

About the same time, we noticed a bungalow that had been on the market earlier in the year had 

suddenly reappeared on the market at a lower price. We immediately went to investigate. 

 

This was where the grand plan, the carefully constructed financial spread sheet of what was possible and 

what was not, went out of the window. 

 

The south facing plot, about 2/3 of an acre, was 12 miles north of our then present home, in a pleasant 

village, with glorious open views to the east of Sutton Bank, the Hambleton Hills and North York Moors. 

 

So much for downsizing, however we do both enjoy gardening. 

 

The other minor problem was that it contained a perfectly habitable two/three bedroom bungalow, circa 

1968. Fig 1. There was one crucial fact however, in that planning permission had already been granted to 

considerably increase the size (footprint) of the property. 
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Fig.1 The original bungalow 

 

We had an idea that the existing bungalow would always be found wanting in the basic design if we aimed 

to achieve the high levels of air tightness and insulation that a low energy house demands. 

 

The local planning authority intimated that as long as we stuck to the approved footprint, respected the 

building line and ridge height then they would almost certainly look on a redesign favourably. 

 

We put in a bid, which was accepted, and became the proud owners in August 2009. 

 

By this time we had joined AECB and were starting to suffer from “eco book fatigue”. Our friend in 

Worcestershire was about to start the build on a truly autonomous house and kept referring to a German 

design code called “PassivHaus”. This defines such things as energy consumption, insulation values and air 

tightness in the design of the house. They were all well in advance of the then current UK building regulation 

requirements, and still are. 

 

We drew up a list of five architects who assured us that they were well used to designing low energy “Eco” 

houses and asked then if they would like to make a site visit. We gave them a plan view of what we thought 

the house should contain. 

They all dutifully turned up and gave us their thoughts, including trying to convert the existing building to 

PassivHaus standards. 

 

Following the architect’s presentations, we choose Eco Arc, a decision we now look back on one that was 

key in helping us achieve the excellent result we now have. 

 

A major part of the design brief we had given Eco Arc was to design a single story house (due to the 

restriction on ridge height) that did not look like a bungalow. 

We considered a wedge section rectangular shaped building with south facing glazing including clerestory 

windows in the roof to get the light into the north side of the building. 
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A second more conventional “L” shaped building including an integral workshop and garage was also 

offered. The roof would have seven gables with valleys thereby avoiding the “chicken shed” look that many 

bungalows inevitably succumb to. 

 

 

Fig 2. Plan view of proposed house. 

 

 

 

 

 

By October 2009 we had agreed the overall design of the house Fig.2, complete with integral workshop and 

garage situated “on top” of the old bungalow. It had been decided that the fabric of the original house 

was such that what ever we did in terms of conversion and/or intervention we would never achieve what 

we were looking for in a true low energy house. 

 

A topographical site survey was conducted and detail-planning drawings were then prepared for local 

authority approval and submitted, unfortunately coinciding with the Christmas holiday period. They were 

accepted in the January 2010 “intake” and were to go to the planning committee in March 2010. 

 

While we waited for the March planning committee meeting we started a round of visiting and talking to all 

the potential key suppliers and other relevant people. 

 

Andrew Yeats, the senior partner of Eco Arc, had suggested that the walls of the building be constructed 

with a German insulated block system that was being introduced into the UK. This product is widely used all 

over Europe and had excellent “eco credentials’. However, the reality was that the manufacturer and the 

distributor had not really got their act together and the unit price plus the shipping costs were to make this a 

prohibitively expensive choice of construction. 
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We had also talked to many people about how “green” and how energy efficient the new house would be. 

As an admirer of most things German we were keen to apply the PassivHaus design criteria. However we 

soon realised we might end up chasing the law of diminishing returns due the physical dimensions of the 

house. The argument, in layman’s terms, goes like this: Germany and Austria has fewer single story houses 

than the UK. They prefer, due in part to the high price of land, to construct a two-story property plus a cellar. 

The footprint of the house is therefore small and hence so is the roof. Roofs are a major source of heat loss 

and thus a “bungalow roof” was never going to please the “PassivHaus police”. A piece of software, known 

as PassivHaus Planning Package (PHPP), can be used by architects, with the relevant training, to determine 

what the energy requirements of your design will be. 

To this end we commissioned Eric Parks to run our design through PHPP.  

Eric made recommendations to modify some detailing which would result in our estimated energy 

consumption falling from 27kWh/m 2.yr to 18, the target figure being 15. We were close but not close 

enough. We could not call our house a true PassivHaus, similar to the few that existed in the UK at that time. 

However, it would be a true low energy house and, as you will read later on, not as far away as calculated 

from the Holy Grail. 

 

At that time The Green Building Construction Company of Huddersfield were putting the finishing touches to 

a modest detached house in Denby Dale Wakefield which was being built to PassivHaus standards 

(subsequently certified as such) but employing traditional UK building methods i.e. block and stone with 

cavity insulation. Green Building Store, a local distributor, promoted a study day, which I attended along 

with Andrew Yeats. It was very clear that this construction method had been a success and so we decided 

that we would use a very similar system of 100mm dense block/ 100mm dense block with a 300mm full 

cavity fill, render on the outside and traditional “wet” plaster on the inside. This method of construction 

would give high “thermal mass”, a desirable feature for a low energy house.  

 

In early March we went to Eco Build at Earls Court London. We learned a lot more but also noted that 

salesmen were selling much of the new technology with little knowledge about their products. 

 

The house would certainly have triple glazed airtight windows and this proved to be the start of more than a 

few false trails! 

  

March 16th 2010 was the date set for the full planning committee meeting at the local authority and we took 

the opportunity to prepare a short two-minute presentation about our plans. Fortunately it was passed 

without any objections and so we were set to begin in earnest. 

 

As nominal project mangers we now needed to source a surveyor, a structural engineer, a demolition 

company, ground workers, builders, heating/ventilation manufacturers and installers, electricians, lighting 

experts and many other trades, consultants and “experts”. 
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One of the conditions of gaining planning approval was that the house was designed to conform to Code 

for Sustainable Homes level 4 (CSH4). This was to prove to be a major stumbling block and the source of 

much angst for the next 10 months. 

 

By the end of April 2010 the original bungalow had been demolished and the site cleared. 

 

Whilst the site was clear, and access as good as it was going to get, we had a drilling rig install a bore hole 

for the ground source heat pump (GSHP), Fig 3. which was to supply hot water to the under floor heating, 

our only form of space heating. 

Due to ground conditions and the advice of the drilling engineers and geologist we put just one borehole in 

as opposed to the normal two for an installation of our size. This was placed about 12m. from the house and 

went down 92m! 

Eco Arc and our heating engineers, Sub Heat, had told us stories about the “slinky style” sub surface coil 

installations removing so much heat from the top 1metre surface layer that the ground became frozen over 

a period of time resulting in a perma- frost tundra in their back garden. 

 

 

Fig 3. Drill rig for GSHP bore hole. 

 

Acting upon Eco Arc’s advice we took the step of instructing Turner & Holman, quantity surveyors, to draw 

up a specification to enable us to get to “wind and water tight” stage. This specification was given to 6 

local building companies who had expressed verbal interest in building what for many of them would be 

their first CSH4 “ecohouse”. The airtightness target of less than 0.6 air changes per hour caused a certain 

amount of “how much-you’ll never get that …. ever!” 

 

By the end of August all bids, or letters declining to quote had been received. It was an easy choice and Les 

Race Builders of Northallerton were appointed as the main contractor for the build. This was to be their first 

CSH4/eco house, but they were, as they say, “up for it”. 
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Our attention was next turned to specifying the windows, which are a key element of a house partially 

heated by the sun. Glass is also a very poor insulator and it was important that the design and performance 

was as good as we could find. 

Much time was spent talking to different window manufacturers including a visit to the Moselle Valley in 

Germany to see PassivHaus compliant windows being made. Unfortunately, we tried to buy British wherever 

possible but we could find very few companies with the track record. Many were unsure who or what 

PassivHaus was. 

In the end we decided to specify Austria’s leading manufacturer. This was a good move and we were and 

subsequently have been impressed with their quality of the product. 

 

We had learned from the Denby Dale house that the location of the windows in the 500 mm. thick wall 

construction was critical and so we constructed, from marine ply, “cassettes” that bridged the two courses 

of block work and the 300mm cavity. Two coats of “Oil rig paint” were applied for protection. Fortunately 

the window frames, the largest being 4mx2m, were the correct size, as specified, and the cassettes made 

their installation go without a hitch. 

 

Throughout this time the construction drawings were being constantly finessed to ensure that the building 

would comply with CSH4 requirements. The lifetime homes, ecological impact/enhancement and the 

handling of rain water run off (SUDS) all caused considerable problems and necessitated the introduction of 

consultants, reports and of course additional fees. 

 

We started on site on October 5th 2010. A casual call to the local planning authority resulted in them asking 

had the Design Completion certificate for CSH4 been made available. The answer to which was “no”! 

 

For the next 4 months I chased and harried Eric Parks, the CSH consultant, about where it was. It seems that 

the third party assessing body, Stroma, had only just started to do these assessments and this was the reason 

for the long delay.  

Finally, I did get the certificate. The local authority pointed out we were in breach of the planning approval 

but as we had started the build we could continue. When asking the CSH officer had they received my 

certificate I was informed that I was one of the few that actually had given them one! 

 

Groundwork went quite quickly. Fig 4. A nearby mature Eucalyptus tree necessitated the foundations being 

deepened. This turned our to be somewhat unnecessary as the severe winter we were about to endure 

killed 25% of it, a further 25% blowing down the following December the remainder was removed in Spring 

2012. 
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Fig 4. Ground works complete and footings cast 

 

We had planned to utilise the existing invert levels for foul water drainage and immediately hit a problem 

with the fall being insufficient. After much teeth sucking we resolved it by installing a pumped sewage 

system into the neighbours adjoining foul water drain. The Environment Agency were consulted over the 

installation of a bio-digester system which would flow into a leach field/soak away that was to be installed 

for the surface water run off, but they were not keen. Hey ho. Another £3-£4k. This is what contingency in the 

budget is all about! 

 

The sub floor was made up from ACP precast concrete slabs delivered by four 13.5m. articulated trucks and 

placed one by one by the largest telescopic cranes ever seen. Fig 5. and Fig.6. 

Amazingly the installation crew had placed about 70 of these slabs by about 3.30pm. I was saying that they 

had done well and they should be getting on their way as snow was forecast. It was and we started one of 

the coldest winters in living memory. Our local RAF station claimed to be the coldest spot in England for a 

couple of nights at  

-18deg C. 
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Fig 5. Precast floor slabs being laid on inner dwarf wall. 

 

The block work was soon out of the ground complete with heavy-duty insulation between the inner and 

outer leaves. Fig. 6 and Fig.7.  

 

 

 

Fig 6. The 150 mm slab resting on the support walls showing the insulated cavity and sub floor drainage pipes  

 

Other than a lot of snow sweeping to try to keep the snow from melting into the under storey that was the 

last we saw of the builders for 6 weeks. 

 

Fig 7. Approaching the DPC level 
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By the end of January 2011 the bricklayers were well on and up to the ground floor window openings when 

we were able to fit the window cassettes. This enabled the block work to be built up tight to the cassettes 

and minimise leak paths. The heavy-duty insulation was also placed carefully between inner and outer leaf 

as the walls went up to wall plate level. Special Teplo Tie mineral based (Basalt) wall ties were used to 

minimize thermal bridging between inner and outer leaves, which is a common problem when using the 

traditional galvanised wire type. Fig. 8 

 

 

 

Fig 8. The marine ply widow cassettes and inner leaf of dense blocks 

 

The complicated roof structure, Fig. 9, was to be of a “cut roof” type i.e. hand built but with the aid of 

engineered JJI Rafters. Here again the local distributor seemed to struggle to get answers and give an 

adequate service, even though they boasted they were to start manufacturing locally in North Yorkshire. 

However once on site they started going up quickly and by mid June the roof was ready for insulating.  

 

Due to the winter weather we were now running about 8 weeks late in the build 
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Fig. 9. The main ridge beams installed 

 

 

 

 

 

Fig. 10. Fitting the 300mm JJI rafters. 

 

After fitting the 300mm deep JJI rafters, Fig 10, the underside was boarded out with OSB board so that the 

insulation could be laid directly in from above ensuring a snug fit. A 22mm wood based composite sarking 

board, Fig.11, was then laid onto the top of the joists, followed by a modern breathable “roofing felt”, Fig 12, 

All visible joints were taped to maintain air tightness.  
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Fig 11. The far ridge showing the composite sarking board 

 

 

Fig 12. The semi permeable roof membrane and slating lathes fitted. 

 

 We specified Welsh Penrhyn Blue slate and although expensive immediately gave the roof a look of 

permanence and great craftsmanship. 
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Fig 13. The Penrhyn Blue Welsh slate fitted to the northern roof elevation. 

 

  

The second week in May we suffered our first major setback. The custom built Internorm windows, 

manufactured in Austria arrived. We immediately saw that they were not the correct RAL colour that we 

had specified. The window fitters said this was not uncommon and put us in touch with a company that 

resprayed windows, in situ, to whatever colour was required. 

 

There was much discussion. The truck driver was pressing us to unload, as he had to get back to Dover for his 

night crossing, the fork lift was ready, the fitting team were standing by, as were the builders. We unloaded 

and decided to go ahead and seek recompense later. During fitting we also notice that the specified 

Thermix “warm edge spacers” had not ben included. The standard stainless steel type had been supplied. 

Yet another error. 

 

In the end the windows were fitted. Fortunately the window dimensions were very accurate as were the 

wooden cassettes into which the windows were placed. Very small air gaps around the edges of the frames 

were sealed with special double-sided heavy-duty tape, Fig 14, as the windows were installed. This is a 

classic area for large amounts of cold air to enter a building. The underside of the window ledge often 

being the worst offender. 

 

From that point on I became the “air tightness champion”, following the builders daily with Tescon tape and 

the dreaded (but highly effective) sealing mastic green gunge Orcon F. 
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Fig 14. Airtightness tape around window reveals. 

 

 

 

Fig 15. External window reveals showing the airtightness tape, additional insulation and specified colour. 

 

The window supplier agreed to have the window frames sprayed, the subcontractor (Magicman) 

guaranteeing the paint system that they would use. This took almost 3 weeks to complete. Fortunately the 

weather was good, the contractors took great care and the finish looked good. 

 

We then commenced the process of laying a non-permeable layer of Visqueen across all internal floors and 

part way up the walls to floor level. On top of this went 225mm of insulation plus a further layer of Visqueen. It 

was onto this layer of sheet material that the 70mm of pumped screed floor would be placed. 

 

At this point the pipes for the under floor heating and domestic hot/cold water had to laid by fixing them to 

the insulation. The laying of the insulation and the pipes was time consuming as all the sheets and pipes 

have to be cut in situ to ensure a good fit.  
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The under floor heating system was to run off the ground source heat pump that drawers heat from the bore 

hole installed in the garden. Fig.16.  

 

 

Fig16.The ground source heat pump with buffer tank and UFH pump. 

 

The GSHP manufactured by Stiebel Eltron is rated at 5.8kW and a claimed COP of 4. The earlier PHPP analysis 

indicted that our peak heat load would be in the range of 2.4-3kW. This has proved to be entirely 

satisfactory. 

 

Each room would have a separate heating circuit and would be thermostatically controlled for readings 

taken from within each room. This was relayed back to a manifold unit, Fig 17and Fig.18, which operates 

valves, according to the heat demand from the respective rooms. 
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Fig. 17. Installation of the under floor heating pipes. 

 

 

Fig 18. Manifold installation for the UFH system 

 

When the piping was layed it was pressure tested for leaks as once the floor was layed it would be very 

difficult to repair. Fortunately no leaks were found and the pumped screed floor was layed (pumped in). Fig. 

19. 

 

 

Fig. 19. 70mm approx. of pumped screed being “layed”. 

 

By the end of July 2011 the weather was proving a problem with our wet summer as we attempted to 

remove all the water from the pumped screed out of what was in effect an airtight house. 

It was easy whilst we had fine weather as we could open the windows to let air pass through he building, 

but not so good when it was wet outside. 
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The roof construction being finished we were then able to install the lantern light in the flat roof above the 

kitchen/dining room area, which had previously had its elastomer sheet covering laid onto the 200mm 

insulation. 

At this point it was then possible to finish mounting the 16 No. Photovoltaic panels (PV) on the east and west 

facing roof elevations and the 3 No. Solar hot water panels on the south facing roof elevation. 

 

Following a long search we were able to find a manufacturer of the roof lantern in Latvia who used German 

aluminium sections that would withstand the loads of triple glazed panels. No UK manufacturer, at that time, 

was prepared to offer a triple glazed design with an opening ventilation pane. 

It arrived as a kit of parts complete with a fitter who spoke no English, the airline has lost his tools and he 

could only spare one day of his time, eventually increased by a further two halves. 

After two days of pushing and shoving the oak frame, upon which the glazing bars and glazing located, 

was installed. The opening vent had been delivered to the Latvian factory by the German extruders 

subcontractor, in Poland, and they had forgotten to put drainage holes in the lower sash with the result that 

rain came into the house each time it rained. 

After many phone calls and some mailed drawings we plucked up courage and drilled the frames in the 

spot marked x. The result was completely satisfactory and no further rain came through. 

We were not too happy about the external up stand and had some additional aluminium up stand section 

locally manufactured and powder coated to the correct colour. The finished article looked good. Fig 20. 

 

 

 

 

Fig 20. The lantern light above the kitchen/dining room showing the PV and DHW solar panels 

 

 

 

 

The second lift of scaffolding came down as soon as the gable ends had been rendered, Fig 21, and the 

rest of the walls were rendered with the Sto Lotusan finish. 
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We could now see what the finished article would look like. 

 

 

Fig 21. The wall render being applied via a pump. 

 

After high levels of insulation the next most important thing in a low energy house, as previously mentioned, 

is to get it as air tight as possible. 

 

After taping all joints between inside and outside (mainly at the widow junctions, a vapour control barrier 

was fixed to all ceiling joists prior to plaster board being fixed in the traditional manner. Fig 22. 

 

 

Fig 22. The lantern light internal upstand prior to trimming out and finish plastering the ceiling. 

 

At the rear of the house the large wastewater tank was installed, Fig 23, along with the twin pump assembly. 

This would pass all waste water through to our “party waste water line” that runs under our next three 

neighbours properties. 
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Fig 23. The pumped foul water tank being installed. 

 

A consequence of achieving an airtight house is that any water vapour produced (for example in the 

kitchen or bathroom) has no escape path, which could result in condensation forming. Cold air entering the 

house, by the traditional method of opening windows is best avoided, especially in the winter months. 

The system used to overcome this problem is known as Mechanical Ventilation with Heat Recovery (MVHR). 

All so called “wet rooms” e.g. kitchen, bathroom, wc’s, have an extraction port built into their ceilings, whilst 

all “dry rooms” have an inlet duct.  The volume of extracted air is balanced by incoming fresh air.  

So as not to waste the heat that exists within the building the extract air passes through a heat exchanger 

where it gives up as much as 90% of its heat energy to incoming fresh air. It does not however mix with the 

incoming air, just transfers its heat. 

From a construction point of view this means that the building must be installed with inlet and exhaust ducts 

and galvanised ducting during the build, all of them terminating at the MVHR unit, manufactured by Paul 

and installed by Sub Heat, Fig 24. 

 

Fig 24. The Mechanical Ventilation Heat (MVHR) recovery unit installed. 
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The house was to have a rendered outer coat and a wet plaster finish inside. This suggested that the 

construction would have a very low leakage rate which is measured as air leakage per cubic meters per 

hour at a drop in pressure of 50 Pa. (Equivalent to a 30mph wind blowing on one side of the house.) 

Prior to the internal plastering we carried out a preliminary air leakage test and recorded 1.67. Bearing in 

mind that current Building regulations (Part L 2a 2006) specify a maximum of 10. We were pleased with this 

figure and were able to pinpoint where potential leakage paths occurred. 

 

We were then able to carry on with internal plastering of the whole house. 

 

As previously mentioned the consequence of introducing both a pumped floor screed and traditional 

gypsum based plaster on all walls and ceilings, both containing tons of water, can be a big problem in an 

airtight house.  

 

Because we intended to cover the floors with either a limestone tile, in the wet areas and an engineered 

oak floor, in the dry rooms, we had to get the moisture content of the building down to less than 1%, as 

quickly as possible. This proved very difficult as the winter was fast approaching and we had very few drying 

days when we could open all doors and windows to allow a good draft of air through the building. We 

could not turn on the under floor heating, which by now had been installed as we risked cracking the 

screed floor layer by drying it too quickly. 

The solution was to hire two very large industrial dehumidifiers plus a large blower fan to create a draft and 

leave them running overnight for 6 weeks. The hire company were very grateful for the business, as were N 

Power! 

 

Whilst all this drying was going on the first coats of a breathable water based clay paint were being applied 

to all walls and ceilings 

 

There was now much activity from the builders as we commenced the long “to do” list of second fix joinery.  

 

The flooring had to be laid as soon as the screeded floor was dry enough. The doorframes and doors had to 

be installed, all 18 of them. Architraves (180m) and skirting board (130m) had to fixed in every room. The 

solid maple doors, hand made by Andrew Conning, had to be hand sanded and coated with three to four 

coats of oil finish. 

 

Jenny’s sewing room floor was installed and the oak staircase and balustrade, again hand made by 

Andrew Conning, was fitted. Fig 25. 
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Fig.25. Hand made oak stairs 

 

As soon as the plaster was dry we carried out a second air leakage test and were very pleased with 

achieving a reading of 0.8. This is very good bearing in mind that this was the first “air tight” house that the 

builders had ever built and that the hallowed German PassivHaus standard was 0.6 or less. 

 

We were nearly there! 

 

There followed a few more weeks of second fix joinery and electrical work and adjustment to the lighting 

scheme installed by Brilliant Lighting.  

Throughout the winter, I had been building the kitchen units in my “old” workshop and they were now 

installed. The granite work top was ordered and fitted giving the kitchen a professional look. The internal 

upstand, for the lantern light, was trimmed out and framed with a mitred oak surround. The “bar top”, of 

solid oak, was installed between the cooking and dining areas. Fig 26. and Fig 27. 

The engineered oak floor was bonded to the floated screed floor in the sitting room, hall way  Fig’s 28 and 

29, and all bedrooms. 
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Fig 26. Hand built kitchen units 

 

 

 

Fig 27. Dining Area 
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Fig 28. Sitting Room with full height “cathedral ceiling”. 

 

 

 

Fig 29. View down the hallway dividing sleeping and living accommodation. 
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Fig 30. South elevation view. 

 

 

Fig 31. South west aspect. 
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Fig 32. Northern elevation  

 

12 months on. 

 

Although we moved in on June 1st 2012 we had delays selling our old property and even bigger problems 

getting a telephone/broadband line installed by BT. The latter necessitating getting my local MP and the 

Managing Directors office of BT involved after 18 months of ill advice and poor service from a myriad of BT 

staff. 

 

As if by some strange coincidence keys were exchanged for the old property and ‘phone lines were up and 

running all in the last week in October 2012. We now felt as if we had truly moved in. 

 

So, what is it like living in a low energy house (to “PassivHaus” standards) ? 

 

After 16 months we are both delighted with how easy the transition from C18th cottage (our previous home) 

to C21st “Eco house” has been. It is light, airy and warm. There are no “cold spots. The heating and 

ventilation all works well. Our net energy cost is zero, possibly in credit. 

 

We have had no problems to report in the first eighteen months.  

 

The operation and controls of the heat pump and GSHP are quite complicated but in the end it was best to 

leave it all to the “brain” in the system and resist the temptation to fiddle! It does tend to “thrum” when 

under load which some would find annoying, but others will find it reassuring (like the noise of the turbines on 

an aeroplane!). 

 

The Paul MVHR unit runs on auto all the time. It is silent apart from its automatic early morning purge after 

showers have been taken. All three filters are renewed every 6 months. My wife suffers less with hay fever 
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than she did in our previous house. Although the atmosphere is “dry”, it does not present us with any 

problems. 

 

The internal temperature, over 18 months, has never dropped below 21C. With regard to overheating in 

summer months, a 18% probability according to PHPP calculations, (target less than 25C for 10% of the time) 

we have seen only 25C max once in the kitchen/dining room, this being the room with the largest glazed 

area facing south. When this occurs we open the large sliding doors and the roof vent plus crack open the 

bedroom windows on the cooler north side of the building and cool the house to a more comfortable 22-

23C. Sun sail/blinds have been added to the patio area, which helps shade part of the sliding door during 

the midday period. 

 

Strange thing temperature as we are often able to live quite comfortably in temperatures of 30+C while on 

holiday in sunnier climes. 

 

The house is 100% dependant upon the electricity from the grid. With regards to reduced/zero running costs, 

which is the major objective of building a low energy house, we have now collected 8 quarters of readings 

(see attached chart). Although the contribution from the PV panels varies with the seasons and hence how 

much electrical energy we buy from the Grid the net cost over this period is negative. 

 

 The chart below gives, in graphical form, PV generated power we have made for the last 8 quarters 

compared with what we buy from the grid. We have recently installed a consumption meter for the heat 

pump and will record how much energy is consumed each quarter from now on. 

 

In actual terms, in the eight recorded quarters we have consumed 17842 kWh of electricity, of which we 

have generated 5577 kWh (31.3%). The solar panels have provided all the hot water required, even when 

there are 5 people showering each day.  

 

The “thermal envelope” of the house is approximately 205m2. The heated entrance porch, Fig. 34 and 

heated workshop are only double glazed and insulated to about current building reg’s. They are approx. 

10m2 and 35m2 respectively. In total about 250m2. The garage is unheated and only partially insulated and is 

not included in this rough calculation. 

 

From the PassivHaus perspective we can calculate that the total energy use in the 8  recorded quarter 

periods equates to 71.37 kWh/m 2/annum. Well within the PHPP target of 120 kWh/m2/annum. See Fig 33. The 

comparatively “high” energy use in Q1/13 is due to this is the first “fully occupied winter quarter” plus our 

dismal and cold 2013 spring.  The heat pump (compressor, brine water pump and UHF pump plus air 

preheater for cold days) has recorded 679kWh in the 3 quarters that we have recorded this consumption. 



 26 

 

Fig 33. Chart showing “bought in” energy and that produced by PV panels over 8 quarters. 

 

Conclusions. 

 

Key Lessons: 

 

1. Ensure you select a good team of people. This goes all the way from the architect and the other 

“professionals” right through to the many different trades. It really is true that the chain is only as strong as 

the weakest link. 

2. If you are managing the project then make every effort to be on site every day. This is especially important 

with all of the trades who whilst willing may have never built a house to this specification before. 

3. Have a full set of architect’s detail drawings on site. They prevent errors. 

4. Keep a site diary and have a list of key telephone numbers in it (or on your ‘phone) 

5. Appoint yourself “air tightness champion” 

6. Add 6 months onto the estimated build time. 

7. Make sure you have an adequate contingency budget. 

8. Engage with all of the utility companies (and their subcontractors) at the earliest opportunity. Be prepared 

to be disappointed (that is putting it politely).  

9. Get a van! 

10. Home baked cake is highly appreciated by all. 

 

What would we do differently, if we did it again? 

 

1. Never assume, despite outward appearances, that people and organisations are competent. 

2. Check all paperwork, especially order acknowledgements, from European factories. 

3. Allow more space for the plant room and try to get the larder outside of the thermal envelope 
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Fig 34. Entrance porch 

 

PHPP Review  

Shortly after Malcolm & Jenny appointed Andrew Yeats of Eco Arc as their architect, Malcolm and Andrew 

approached me and expressed an interest in assessing the forthcoming design for a new house at Carr 

Lane in the Passivhaus Planning Program (PHPP) to help inform the design.  At that time, I had already 

trained in the use of the PHPP through the Association for Environment Conscious Building (AECB) and used 

PHPP on a number of low-energy projects, none of which were seeking comparison with or certification to 

the Passivhaus standard. (See figure 1 below for a list of the Passivhaus certification criteria).  Incidentally, I 

also assessed the proposed design under the Code for Sustainable Homes (it achieved Code Level 4) and, 

along with Andrew & Malcolm was looking forward to using PHPP on the project to see how well the design 

performed relative to the Passivhaus standard. 

 

 Figure 1    

 Certification Criteria Performance Limit  

 Space Heat Demand ≤ 15  kWh/m².yr 

   Air permeability  ≤0.6  ach @ 50 Pa 

 Overheating Frequency  ≤10%  of time over 25˚C  

 Primary Energy  ≤ 120  kWh/m2.yr 

     

 

This was one of my earliest experiences with PHPP and I have gone on to become a trainer of PHPP on the 

AECB CarbonLite Passivhaus Designer course, so have come to know and understand PHPP in great detail.  I 

also have a greater appreciation for what a useful design tool it is for low-energy designs (e.g. design with 

high levels of insulation – U-values of 0.10-0.15 W/m2K ; a space heat demand of around 70 kWh/m2/yr or 

less; high levels of airtightness 3 ach or lower).  Although the Standard Assessment Procedure (SAP) is used in 
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the UK to assess energy consumption in new builds, PHPP is arguably more of a design tool that the SAP, 

which has a predominantly regulatory role in the UK.  PHPP was designed to specifically assess the energy 

consumption of low-energy dwellings. In general, PHPP differs from SAP in the following ways: 

 Assumes lower internal heat gains - leading designers to specify higher levels of insulation. 

 Does not allow Low Carbon technology based 'tradeoffs' for lower fabric standards.  

 Assesses overheating risk and encourages sensible glazing ratios and approaches to shading and ventilation 

to design out the risk from the beginning. 

 Requires more detailed input of window data - providing a more robust assessment of available solar gains 

and impact of shading. 

PHPP In Use. 

A short summary of the process of using PHPP to design low energy buildings is as follows: 

1. Using the architect’s drawings and specification, enter the required area, U-value, ventilation and services 

data to assess performance of the design relative to the PH standard.   

2. Once the performance is displayed in PHPP, conduct a series of ‘what if’ tests of a range of individual 

energy saving improvement measures, quantifying the resulting savings, with a view to identifying likely 

energy saving improvements to make on the project. 

3. Advise the architect and client on the outcomes and discuss what improvements are the most sensible to 

implement.   

4. Following discussion of the potential changes, repeat steps 2 & 3 until the performance criteria are 

comfortably below the certification limits or achieving an agreed, improved level of performance.   

Any project with an interest in certifying to Passivhaus would typically start this process prior to submitting the 

designs for planning approval.  Leaving the entry of the project into PHPP until a later stage is risky as 

changes to the design, particularly with regards to increasing or altering the amount of glazing, become 

more difficult and costly.  Although a designer or architect with experience of energy saving design will 

reduce the risk, there is no substitute for PHPP analysis – even for projects where Passivhaus certification is not 

being considered.  

  

PHPP is not perfect or without fault, however, it is a very useful low-energy design tool – helping to provide 

specific answers to questions like “How much insulation do we need in the walls (to achieve a certain level 

of energy saving performance)?” or “What is the impact of changing the glazing specification from Window 

A to Window B?”, for example.  In my opinion, it is a great tool for making effective energy saving design 

decisions that greatly improve one’s chances of achieving a desired performance. 

   

Both Andrew and Malcolm understood the role PHPP could play at Carr Lane and were keen to improve 

their understanding of the likely performance of the design as well as the options for improving the its 
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performance.  We all knew from the beginning that a detached bungalow would be very difficult to 

achieve Passivhaus performance.  This is primarily to do with the fact that all bungalows have a high ratio of 

heat loss area (measured externally) to treated floor area (TFA – around 90% of gross internal floor area).  

This ratio is known as the Heat Loss Form Factor (HLFF), and the lower it is, the higher the average opaque 

fabric U-value can be to reach the Passivhaus standard.  The new design at Carr Lane had a HLFF of 3.5, 

requiring an average fabric U-value of about 0.08 W/m2K to reach Passivhaus.  With project average of 0.14 

W/m2K, this would mean almost halving the U-values again, something that might be technically possible 

but not would clearly not be practical for two reasons:  

 

1. Achieving U-values approaching 0.08 W/m2K would require thicker roofs, walls and floors and would also 

come at significant increases in cost, for arguably marginal savings. 

2. As planning approval had already been received, changes to the plan and external volume were not 

considered during my analysis.  This mean increasing the thickness of roofs or walls to accommodate more 

insulation was not possible. 

During the analysis of the design in PHPP, I investigated the following improvements in PHPP to assess their 

relative abilities at improving the dwelling’s performance: 

 

1. Fabric improvements – improving the specification of insulation and also the amount in limited cases (floors). 

2. Improved window detailing & specification to accommodate more overinsulation and improved glazing 

specification. 

3. Reduced overheating by comparing different shading and ventilation options in PHPP.  

4. Improved efficiency appliances and low energy pumps. 

For item 1. above, there were a few different insulation improvements that were modelled to assess the 

scale of reduction in the space heat demand.  As the design was at an advanced (post-planning) stage, 

the improvements were primarily material specification changes as opposed to increasing the thickness of 

building elements.  For example, the roof and walls were taken as fixed thickness elements, whereas the 

thickness of the floor was able to be increased.  The improvement in the roof and walls was simply to 

consider lower conductivity insulation.  For the floor the same could be considered plus an alternative to 

increase the depth (by 50mm) of a higher conductivity insulant.   

 

Item 2 covered two different improvement measures:  revising the installation detail to provide double the 

amount of insulation over the external face window frame – effectively halving the heat loss through the 

frames; changing the specification of the glazing spacer from one made entirely of highly conductive 

stainless steel to a ‘super spacer’ made of lower conductivity plastic bound with a very thin layer of stainless 

steel.   
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With regards to item 3, reducing overheating, although a glazed lantern was present in the design and it 

was easy to see that removal of the lantern resulted in no significant reduction of overheating in PHPP, so 

other routes needed pursuing.  PHPP enabled an assessment of a proposed ventilation scheme to be check 

for effectiveness at reducing overheating. 

 

Item 4 looked at the installation of A++ white goods and low-energy pumps for the hot water and heating 

circulation.   

Results 

The chart below shows the results from the initial PHPP modelling and additional improved performance 

options that were also modelled, which are covered more below.  Initial results for the space heat demand 

came out at 27 kWh/m2/yr, so reasonably good considering the form, yet clearly far off the Passivhaus 

target of 15 kWh/m2/yr.  Although 27 seems relatively close to 15, in energy saving terms, each kWh 

improvement is very difficult to obtain as the ‘easy win’ savings have already been obtained with the high 

levels of insulation and airtightness.  All of the proposed insulation improvement measures combined only 

provided around 4 kWh/m2/yr of energy savings in total, so still not much closer to 15 kWh/m2/yr.   

 

Overheating was a slight issue in the model - as is common amongst all many low energy buildings with high 

levels of insulation and very low levels of air leakage (gets warm and stays warm because of insulation and 

lack of draughts).  However, all were relatively easy to deal with through the use of seasonal shading – in 

combination with a range of natural ventilation strategies, incorporating both day and night-time 

ventilation. 

 

  
 Passivhaus Certification Criteria and CO2 Target  
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Time 
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Improved Model 21 
11 

0.6 18% 91 22  
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18 

                          

10 0.6 8% 88 21  

 

Post-occupancy Energy Consumption 

Although energy consumption data has been collected by Malcolm Harwood,  data for the GSHP is not 

available for all occupied months, so the Primary Energy is the best indicator of energy performance.  The 

actual primary energy demand for Carr Lane over the first seven quarters of occupation is around 133 
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kWh/m2/yr.  Adjusting the design stage PHPP with ‘as built’ changes yields an estimated primary energy 

figure of 103 kWh/m2/yr, some 30% lower than the actual consumption.   

 

Measured Primary Energy “As Built” Predicted Primary Energy 

 

Such discrepancies are not unusual and are to be expected.  There are a number of possible reasons for this 

discrepancy or performance gap.  A few possible reasons are listed below 

 

Drying out:  The wet-plastered, masonry construction of the walls will retain a lot of moisture that will slowly 

dry out over the first year or two of occupation.  One can expect that there will be a noticeable amount of 

energy consumed in the first year or so to dry out the wet plaster finish, from both space heating and also 

the mechanical ventilation and heat recovery (MVHR) unit .   

 

Cold winter and spring:   The winter of 2012-13 was long and tailed into the spring of 2013 with an extended 

period of lower than normal temperatures.  This would have required additional space heat input for a 

longer than normal period of time. 

 

Actual vs. state efficiency of the GSHP:  Despite the low space heat demand and heat load at Carr Lane, 

the coefficient of performance (COP) of the GHSP could be higher than the stated COP – thus requiring 

more energy input to the GSHP.  The stated COP for GSHP is 4:1 (4 kW of useful energy for every 1kW of 

energy input), however, reality is likely to be different from theory and this figure is likely to be lower than 4:1, 

leading to increased energy consumption.  

 

Climate data in PHPP:  At the time of the first data entry into PHPP, the climate data in the programme was 

very limited for the UK.  As part of this write up, I have entered updated and more ‘local’ climate data into 

P a s s i v h a u s  R a n g e  

A E C B  G o l d  R a n g e  

P a s s i v h a u s  R a n g e  

A E C B  G o l d  R a n g e  
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PHPP which has made a minor change to the performance (around 3-4 kWh/m2/yr) so this could account 

for some of the discrepancy.   

 

Occupant behaviour:  Many of the early Passivhaus projects that were part of a European wide programme 

to test the standard (CEPHEUS) were monitored for their space heat demand and energy consumption.  The 

results showed that, despite the dwelling all being Passivhaus certified, the energy consumption varied 

greatly.  Some occupants were very frugal and used next to no energy whilst others may use more than 

double the certification limit of 15 kWh/m2/yr.  Such variety in energy consumption clearly has potential to 

contribute to the “performance gap”. 

Conclusion 

Whilst attending the Passivhaus Trust annual conference a few years ago in Nottingham, I head Roderic 

Bunn give a talk on Passivhaus.  The quote that stuck in my mind was: “Don't let certification override 

common sense".  This sentiment was echoed years earlier by Malcolm who was clearly interested in seeking 

high levels of energy saving performance, yet he was keen to avoid the "physics exercise" of trying to meet 

the Passivhaus standard and letting that take over the project.  

 

From Malcolm’s description of his and Jenny’s first year in their house, it is clear that the expertise and effort 

that was applied in the design has been worth it.  With consistent internal temperatures around 21C during 

the heating season and little overheating during the warmer months – it is clear that a high standard of 

thermal comfort has been achieved.    

 

Eco Arc Post Script. 

 

As discussed by Andrew Yeats in the project introduction, Malcolm’s data readings   from the first 5 quarters 

of occupation gives an estimated specific space heat demand of 11.3kWh/m2/a, or 9kWh/m2/a. if the 

porch & workshop are included in the floor areas, which is actually less than the Passive House requirement 

of 15kWh/m2/yr.   Although this is not an absolutely confirmed figure, it is good to understand the house has 

been designed using PHPP to perform between Passivhaus and AECB Silver Standard, and in terms of space 

heat demand, it appears to be performing as good as or better than a Passivhaus (due in large part to the 

design and also very well-behaved occupants!).   

 

Words & Pictures by Malcolm Harwood  

With Contributions from Andrew Yeats & Eric Parks of Eco Arc Architects. 


