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Retrofit, renovation, refurbishment, restoration 
and repair are all terms describing building work 
undertaken to existing buildings to extend their 
useful life. The UK has a large housing stock that 
has evolved over generations and has become 
the fabric and character of our cities, towns 
and neighbourhoods, and the capability of this 
housing stock to adapt to change is the root of  
its sustainability. 

This book illustrates the work that has been 
undertaken to upgrade buildings to enable them 
to respond to the imperative of climate change, 
improve energy security, and to soothe fuel 
poverty in a time of rising fuel prices. It presents 
a series of innovative and detailed case studies 
of a wide range of houses, all of varying age and 
construction type, which:

!  offer examples of residential retrofit which 
can effectively address: CO2 emissions; fuel 
poverty; uncomfortable internal environments; 
and energy demand

!  expand the construction industry’s 
understanding of residential retrofit

!  increase the confidence of professionals and 
homeowners to undertake low energy retrofits

!  inform home owners and social landlords of 
the financial implications of low energy retrofit

!  illustrate strategies available for different 
construction types

!  provide building monitoring data to confirm 
real energy savings and comfort levels

With housing shortages, building inefficiencies 
and finite resources, it is essential that we 
approach the reinvention of our existing building 
stock with creative, knowledgeable and holistic 
thinking. The sharing of practical experiences, 
which this book does through the range of 
innovative design and engineering case study 
exemplars, is certainly a step in the right 
direction.

 
ABOUT THE AUTHOR
Marion Baeli qualified from Paris Belleville 
School of Architecture (France) in 2001, UCL 
Bartlett School of Architecture Part III / ARB 
(UK) in 2003 and UEL School of Architecture MA 
Sustainability and Design in 2010.

Her passion for sustainability and low energy 
design led Marion to take part and win a contract 
as part of a government competition, Retrofit for 
the Future, which in turn led to the delivery of the 
award winning Princedale Road project, the first 
certified Passivhaus retrofit in the UK.

Marion also co-heads Paul Davis + Partners 
‘green group’, which focuses on creating 
a practice specialism and ensures that 
sustainability is integral to all of the practice’s 
designs. As well as this, Marion lectures on the 
subject of energy efficient retrofits in the UK and 
abroad, such as the UK Passivhaus Conference, 
and at institutions such as PLEA, the University of 
Naples (Federico II), the Royal Institute of British 
Architects and the Architectural Association.

Packed with clearly presented technical information and accompanied by 
useful drawings and photographs, this timely book is essential reading for 
anyone interested in the domestic retrofit agenda. Marion Baeli teases out 
the lessons of the Retrofit for the Future programme and has transformed 
a potentially dry subject into a compelling and informative read.
HATTIE HARTMAN
Sustainability Editor
The Architects’ Journal
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1. introduction 
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UK ageing stock 

•  Strong identity and cultural significance 

•  Not built with energy efficiency in mind 

INTRODUCTION | UK CONTEXT 


•  One of the oldest in Europe with 55% of 
its dwellings dating from before 1960 
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English House Condition Survey 2007 

English House Condition Survey 2007 European Communities PVGIS 

25,000,000 
dwellings 

30% of total emissions from 
pre-1919 stock 
  
480 kWh/m2/yr  
9 t/yr 

INTRODUCTION | UK CONTEXT 


UK ageing stock 

21% of the stock  
Dates from Pre-1919 
 
That’s 4.7 million houses… 
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Carbon emission reductions from energy efficiency improvements to the UK housing stock BRE report BR435.  2001. 

40 years 40 years 

Is it feasible? 

INTRODUCTION | UK CONTEXT 
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2. retrofit for the future programme 
 

Initiative from:   Small Business Research Initiative (SBRI) 

With:    Local Government – Homes and Community Agency 

Delivered by:   Technology Strategy Board 
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Programme: 

•  Launched in 2009 

•  100 projects have been 
completed 

•  £150,000 funding per dwelling	  

•  2 phase competition 
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•  80% reduction in CO2 compared to 1990 emissions 
•  CO2 emissions limited to 17 kg/m2.yr [20 kg/m2.yr for PHPP] 

•  Primary Energy limited to 115 kWh/m2.yr [PassivHaus is 120kWh/m2.yr ] 

•  Temperature 
•  Relative Humidity 
•  CO2 concentration 
•  (Occupant interviews) 

R"F	  Programme	  comfort	  monitoring:	  

R"F	  Programme	  main	  targets:	  

BOOK | Residential Retrofits 
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 www.retrofitanalysis.org	  

Programme official results: 
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3. Book and main results 
 

residential retrofits, 20 case studies 
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Retrofit, renovation, refurbishment, restoration 
and repair are all terms describing building work 
undertaken to existing buildings to extend their 
useful life. The UK has a large housing stock that 
has evolved over generations and has become 
the fabric and character of our cities, towns 
and neighbourhoods, and the capability of this 
housing stock to adapt to change is the root of  
its sustainability. 

This book illustrates the work that has been 
undertaken to upgrade buildings to enable them 
to respond to the imperative of climate change, 
improve energy security, and to soothe fuel 
poverty in a time of rising fuel prices. It presents 
a series of innovative and detailed case studies 
of a wide range of houses, all of varying age and 
construction type, which:

!  offer examples of residential retrofit which 
can effectively address: CO2 emissions; fuel 
poverty; uncomfortable internal environments; 
and energy demand

!  expand the construction industry’s 
understanding of residential retrofit

!  increase the confidence of professionals and 
homeowners to undertake low energy retrofits

!  inform home owners and social landlords of 
the financial implications of low energy retrofit

!  illustrate strategies available for different 
construction types

!  provide building monitoring data to confirm 
real energy savings and comfort levels

With housing shortages, building inefficiencies 
and finite resources, it is essential that we 
approach the reinvention of our existing building 
stock with creative, knowledgeable and holistic 
thinking. The sharing of practical experiences, 
which this book does through the range of 
innovative design and engineering case study 
exemplars, is certainly a step in the right 
direction.

 
ABOUT THE AUTHOR
Marion Baeli qualified from Paris Belleville 
School of Architecture (France) in 2001, UCL 
Bartlett School of Architecture Part III / ARB 
(UK) in 2003 and UEL School of Architecture MA 
Sustainability and Design in 2010.

Her passion for sustainability and low energy 
design led Marion to take part and win a contract 
as part of a government competition, Retrofit for 
the Future, which in turn led to the delivery of the 
award winning Princedale Road project, the first 
certified Passivhaus retrofit in the UK.

Marion also co-heads Paul Davis + Partners 
‘green group’, which focuses on creating 
a practice specialism and ensures that 
sustainability is integral to all of the practice’s 
designs. As well as this, Marion lectures on the 
subject of energy efficient retrofits in the UK and 
abroad, such as the UK Passivhaus Conference, 
and at institutions such as PLEA, the University of 
Naples (Federico II), the Royal Institute of British 
Architects and the Architectural Association.

Packed with clearly presented technical information and accompanied by 
useful drawings and photographs, this timely book is essential reading for 
anyone interested in the domestic retrofit agenda. Marion Baeli teases out 
the lessons of the Retrofit for the Future programme and has transformed 
a potentially dry subject into a compelling and informative read.
HATTIE HARTMAN
Sustainability Editor
The Architects’ Journal
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 Co-Author:  Technology Strategy Board 
 Publisher:      RIBA 
 Funding & Copyright:  Paul Davis + Partners 

Publication 

BOOK | Residential Retrofits 
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Content: 

 - Description of each strategy  

 - Vital statistics 

 - Detailed isometric section 

 - Costs (material & labour) 

 - Monitoring data:  
 Energy & Internal comfort 

- ID card + summary of measures 

 - Special feature 

BOOK | Residential Retrofits 
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20 project locations 

BOOK | Residential Retrofits 
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Results CO2 emissions 

26 Average post 

Average pre 100 

BOOK | Residential Retrofits 
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Results CO2 emissions reduction 

70% Average post 

BOOK | Residential Retrofits 
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3 projects out of 20 met the target for Primary Energy of 115 kWh/m2.yr 

Target 

Primary energy demand 

70%  
reduction 

Average post-retrofit 161 

Average pre-retrofit 490 

BOOK | Residential Retrofits 
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Air permeability 

4 

~11 

PassivHaus 

BOOK | Residential Retrofits 
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4. Case studies pre-1919 
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Victorian  
Mid-terrace house 
5 occupants 

Princedale Road 

PassivHaus certified 

PRE-1919 |  PRINCEDALE ROAD

Client:  Octavia Housing 
Architect:  Paul Davis + Partners 
Contractor/engineer: Philip Profitt / Princedale EcoHaus 
  
Construction: Pre-1919 Solid masonry 
 
Total cost Material & labour:   £180,683 
Of which energy saving measures:  £69,870 

IWI 



19th International Passive House Conference

Fabric:  
•  Continuous internal 
insulation 
•  Triple glazing 
•  No cold bridges (joist ends 
detached) 
 
Services: 
•  MVHR (Genvex Combi) 
•  Solar thermal 
•  Below ground heat 
exchanger 
 
Airtightness  
0.34 m3/m2h@50Pa 

29RESIDENTIAL RETROFIT

Fabric U-values post-retrofit (W/m2)Ventilation strategy and whole-house insulation 
approach

Floor joists detached from façade wallFront façade during works with internal 
insulation layer

Sash look-alike casement window

STRATEGY

FABRIC 
The whole house strategy depends 
fundamentally on continuity of internal 
insulation and airtightness layer. The 
intrusive strategy included the removal 
of all floor structures and the chimney 
breasts. The new floor joists were 
hung on steel beams which span from 
party wall to party wall and rest inside 
insulated pockets (photograph below). 
This measure helped to deal with risks 
of condensation around joist ends that 
may occur when insulating internally; it 
avoided a significant thermal bridge and 
enabled the insulation and airtightness 
layers to form a totally unbroken lining 
to the external walls. This arrangement 
subsequently showed that it achieved 
PassivHaus criteria such as: thermally 
bridge free design; airtight envelope and 
low space heat demand. The form factor 
of the house (see chapter 4) was also a 
characteristic that enabled a low space 
heat demand.

SERVICES
The entire heating, hot water and ventilation 
system is combined into a central system 
(Genvex Combi). It’s a unit the size of a tall 
fridge-freezer and contains:

- Mechanical ventilation with heat 
recovery (MVHR) unit as a balanced 
system which recovers the heat 
otherwise lost via the exhaust air 
- A small air source heat pump which 
prioritises the production of domestic 

hot water but will also provide top-up 
space heating when required.
- A 185 litre hot water cylinder 

This integrated system is also supported 
by a second hot water cylinder of 300 
litres; solar thermal panels and a below 
ground labyrinth heat exchanger (see 
next paragraph for description). 

Remarkably, no central heating system 
or radiators were fitted and the house 
is not connected to the gas network, an 
appealing aspect for the social housing 
landlord that limits the amount of 
specialist maintenance required.

RENEWABLES
As noted above, renewable energies are 
part of the services system. It includes 
the three drain-back solar thermal 
panels mounted on the south-facing 
butterfly roof, which together with the 
300 litre hot water cylinder provide 
a large amount of stored hot water, 
making it particularly efficient in the 
winter when the volume stored could 
be sufficient for three days, getting 
occupants through a few cloudy days but 
still using the solar heat. In addition, an 
underground labyrinth made of concrete 
baffles (acting as air ducts) installed 
on top of a new concrete slab use the 
temperature of the ground (approx. 14°C) 
as a source of energy for pre-heating or 
pre-cooling the air, effectively providing 
free air conditioning in summer months.

VITAL STATISTICS
This project achieved a remarkable 
airtightness. It was enabled by the 
absolute simplicity of the air barrier 
strategy made of taped OSB boards 
(oriented strand board). The air pressure 
test at mid-project on the air barrier only 
(before dry lining installation and with 
window openings temporarily sealed) 
gave an air permeability of 0.2 m3/m2h 
@ 50 Pa and an air change rate of 0.19 AC 
which is well below the required 0.6 ACH 
@ 50 Pa PassivHaus criteria. The final 
air permeability was measured to be 
0.34 m3/m2h @ 50 Pa on completion.

Achieving an effective air barrier 
demands continuity from design to 
specification up to site installation. An 
airtightness champion was responsible 
in this project for checking the continuity 
of the installation and inspecting key 
interfaces and penetration seals before 
they were hidden (e.g. around soil vent 
pipes, electric cabling, ventilation ducts).

Vital statistics table
Characteristics Before Target Measured

Primary energy 
(kWh/m2/yr) 250 120 128

Space heating 
(kWh/m2/yr) 120 15 10

Airtightness  
(m3/m2h @ 50 Pa) – 0.6 0.34

Type of glazing single triple triple

CO2 emissions
(kg CO2/m2/yr) 70 17 20

Pre-1919
TSB-28

Internal floor area: 115 m2

Primary energy
pre-retrofit calculated: 250 kWh/m2/yr
post-retrofit measured: 128 kWh/m2/yr

Client: Octavia Housing

Architect: Paul Davis + Partners

Contractor: Princedale EcoHaus

Consultants: Eight Associates; Green Tomato 
Energy; Pellings Ltd

PRINCEDALE ROAD This project is the first residential retrofit in the UK to be 
certified to the PassivHaus standard. It is a typical mid-19th 
century London terraced house located in a conservation area. 
The project features an internal insulation strategy; a unit 
combining MVHR, an exhaust air heat pump and hot water 
storage; solar thermal panels; prototype triple-glazed sash 
look-alike windows; and an underground labyrinth that tempers 
incoming ventilation air beneath the footprint of the house. The 
performance of the house has been monitored and one year of 
analysed in use data are presented here. 

From the outset of the project, the client had set the target to achieve 
full PassivHaus certification (EnerPHit standard did not yet exist). 
On inspection of the property built in 1840, this Victorian house was 
found to be in a very poor state of repair and in need of a significant 
upgrade. The extent of the necessary repairs to the fabric and the 
lack of original features inside suggested to the design team that an 
intrusive approach was justifiable. 

Above and beyond the state of the fabric a critical part of the 
approach was the rethinking of the window and door design to satisfy 
planning and PassivHaus. The new windows needed respectively to: 
resemble the old Victorian single-glazed sash windows as closely as 
possible to maintain homogeneity within the streetscape and also 
have a minimal heat loss.*

Such windows didn’t exist at the time of the project so the decision 
was taken with the client to design and manufacture them as an 
R&D project. The outcome was a ‘look-alike’ sash window very close 
in external appearance to the original Victorian one but formed of a 
fixed top light and a bottom casement opening inwards with three 
perimeter seals (picture below).

To produce these windows, the contractor was tasked with buying 
the necessary machine tools and setting up a workshop. This involved 
significant cost and time risks for the project overall; however, thanks 
to the ingenuity of the contractor, target costs and programme were 
achieved. The contractor was given the copyright for the windows and 
doors produced and this undoubtedly incentivised his performance.

28 RESIDENTIAL RETROFIT

Front façade post-retrofit

*PassivHaus criteria for window requires: a U-value no greater than 0.8 W/m!K, a 
thermal bridge free installation, and to be well sealed as not to compromise the overall 
house airtightness required to be a maximum of 0.6 ACH @ 50 Pa).

ZA152J-PRINCEDALE

1:150

1:200

PRE-1919 |  PRINCEDALE ROAD
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No. 100 Princedale Road - Details Sheet 1

Existing masonry external wall

Continuous air tightness layer

15mm Duraline plasterboard

150mm Insulation quilt

50mm Insulation quilt

metal ferrings holding the insulation

15mm Duraline plasterboard

Thermally contained restraint rod 
resin anchored into external wall

203x102 PFC chased into partywall

New timber floor joists notched into
new beam. Sizes to be confirmed 
by Structural Engineer (225x50 tbc)

1No. layers of 15mm duraline

18mm OSB board screw 
fixed to timber floor joists

Existing masonry external wall

ventilated cavity

GENERAL NOTES.
All dimensions to be checked on site prior to commencement of any works,
and/or preparation of any shop drawings.
Sizes of and dimensions to any structural elements are indicative only. 
See structural engineers drawings for actual sizes / dimensions.
Sizes of and dimensions to any service elements are indicative only.
See service engineers drawings for actual sizes and dimensions.
This drawing to be read in conjunction with all relevant Architect's drawings,
specifications and other Consultants' information.

DO NOT SCALE FROM THIS DRAWING.

Detail 1 - Floor/ external wall connection - Scale 1:10

26 April 20101:10 @ A3 Ryder Strategies

Octavia Housing 

1529

No. 100 Princedale Road - London

(SK)003 A

the old school house   178 ebury street   london SW1W 8UP  info@pauldavisandpartners.com

t. +44(0)20 7730 1178   f. +44(0)845 280 5071

Retrofit for the future

Joist	  end	  	  

PRE-1919 |  PRINCEDALE ROAD
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Double glazed
Triple glazed

Single glazed

Double glazed

Windows 

PRE-1919 |  PRINCEDALE ROAD
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INNOVATION	  

InsulaCon	  Foam	  Glass	   OSB	  airCght	  layer	  

Underground	  Heat	  Exchanger	  

PRE-1919 |  PRINCEDALE ROAD

Ven;la;on	  	  
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Temperatures	  
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Retaive	  Humidity	  
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CO2	  concentra;on	  
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Client:	   	  Family	  Mosaic	  
Architect:	   	  PreweP	  Bizley	  
Contractor:	  	  Manby	  
	  	  
ConstrucCon:	  Pre-‐1919	  Solid	  masonry	  
	  
Total	  cost	  Material	  &	  labour:	   	   	  £127,400	  
Of	  which	  energy	  saving	  measures:	   	  £63,200	  

PRE-1919 |  MIDMOOR ROAD

Midmoor Road 

EWI + IWI 
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Fabric:  
•  Internal insulation 
•  External insulation 
•  Triple & double glazing 
•  No cold bridges (joist ends 
detached) 
 
Services: 
•  MVHR (Paul Novus) 
 
Airtightness  
1.2 m3/m2h@50Pa 

PRE-1919 |  MIDMOOR ROAD
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Internal insulation to front façade

STRATEGY

FABRIC 
The front wall is internally insulated 
with phenolic insulation and aerogel in 
the window reveals and the rear walls 
externally insulated. The architect paid 
particular attention to eliminating cold 
bridging wherever possible, through 
careful detailing. Where this was 
impractical, extra insulation ‘socks’ 
were extended over the fabric or into 
the ground to reduce the effect of the 
bridge as much as possible. Most of the 
interfaces were modelled with THERM 
software to help gauge the approach. 
The airtightness layer comprises a 
combination of OSB boards on the 
internal insulated surfaces and plaster 
on the external insulated walls, with the 
existing plaster made good.

SERVICES
The team spent a lot of time on site
ensuring a high level of airtightness
was achieved to minimise leakage and
ensure the effectiveness of the MVHR
system. The MVHR system was designed
and commissioned by Andrew Farr of the
Green Building Store (one of very few
suppliers offering design and support
services) in combination with the
architect. The architect (who acted as
lead contractor on this project) installed
the duct connections to the heat
exchanger personally so as to develop
his experience for future design work.
The ventilation system runs 24/7 and

can be boosted by either of two buttons
located in the kitchen and bathroom,
respectively.

The domestic hot water system was
designed with AECB water standards 
in mind. As well as incorporating flow 
restrictors, careful thought was given to
making the arrangement as compact as
possible. The resulting short pipe runs
were all well insulated. Furthermore,
as the house was found to have an
incoming supply of 3 bar pressure, small
bore pipework was used to further
reduce ‘dead leg’ wastage of lukewarm
water when taps are opened.

As well as heated air supply (by means
of a hot water battery) there are only four
small radiators in the house – in the 
bathroom, kitchen and the two front
rooms which only have double glazing.
The heating system is controlled by a
central thermostat which allows the
tenants to choose the temperature of the
house. Each room can be additionally
controlled by TRVs on each radiator.

RENEWABLES
No renewables were included within this
project.

VITAL STATISTICS
The final airtightness test achieved
1.2 m3/m2h, similar to the result the
team had previously achieved at Culford
Road. This followed a previous test of 0.8
before all the windows were installed
and provides a salutory lesson about
maintaining high standards through a
project.

Vital statistics table
Characteristics Before Target Measured

Primary energy  
(kWh/m2/yr) 470 155 –

Space heating 
(kWh/m2/yr) – 25 –

Airtightness  
(m3/m2h @ 50 Pa) – 1 1.2

Type of glazing single double/triple double/triple

CO2 emissions
(kg CO2/m2/yr) 77 32.5 –

Prototype gutter to fit over 
external insulation

Rear façade post-retrofitFront façade post-retrofit

This project was designed by the same team who carried out 
the Culford Road project. As well as developing some of the 
approaches trialled previously, the team were also keen to work 
in a less invasive manner. Demolition was avoided as much as 
possible and replaced with a stripping back approach, where 
all the plaster of this Edwardian three-bedroom house was 
removed to exposed brick and timber skeleton. This provided the 
opportunity to repair the primary structure as required and then 
construct an airtight insulated new layer from scratch.
The whole house retrofit approach included both internal and 
external wall insulation, insulation to the floor and roof, new 
windows with double- and triple-glazed units, a new boiler and 
an MVHR unit.

The front façade was internally insulated: a decision driven by 
planning requirements and the wish for the existing attractive 
streetscape to remain consistent. At the rear, however, the house 
elevations were more workaday and there was less consistency along 
the terrace.

Taking this into consideration, as well as the tight internal planning 
of the rear of the house, an external insulation system was selected 
for the rear. This decision was not taken lightly though as it required 
the coordination of a number of other issues.

First, existing waste pipework needed to be moved. Dealing with the 
existing SVP was fairly straightforward but a more expensive knock-
on effect was where the 280mm external wall insulation encroached 
on the inspection chamber in the yard space, the result being that 
inspection chamber and underground drainage had to be moved.

Resolving the eaves/verge detail at the top of the wall demanded 
a little more ingenuity. One obvious option was to extend the eaves 
of the roof and to reposition the gutter in front of the new insulation 
layer. This can be done but it is an expensive process. Considering 
that the roof had been re-slated only a few years before, the architects 
opted for a more innovative approach. They designed a special gutter 
(see below right), that acted like a a giant stop bead for the insulation 
below. This has been developed since and used on a number of 
other projects. It is hoped that it will be commercially available as a 
standard component soon.

Pre-1919
TSB-58

Internal floor area: 106 m2

Primary energy
pre-retrofit calculated: 470 kWh/m2/yr
post-retrofit measured: –

Client: Family Mosaic

Architect: Prewett Bizley Architects

Contractor: Manby Contracting

Consultants: The Green Building Store (Andrew 
Farr MVHR); Brian Cheery (gutter); ALDAS (Peul  
Jennings airtightness); Nick Grant (DHCW pipe  
sizing)
 

MIDMOOR ROAD

Fabric U-values post-retrofit (W/m2K)

Roof: 0.07

Rear wall: 0.09
Front wall: 0.1

Slab floor: 0.07 Susp floor: 0.13

Rear windows: 0.85
Front windows: 1.9

3 layers of phenolic insulation, timber 
battens within middle layer 210 mm

OSB Type 3, 12 mm as airtightness layer

Aerogel insulation, 40 mm

New timber sash windows with 
slim double glazing and triple 
seals to each sash

Proclima airtightness tapes

Bespoke joist hangers let into 
mortar joints and fixed with 
epoxy grout

0 5
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FABRIC	  

PRE-1919 |  MIDMOOR ROAD
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FABRIC	  
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Fabric	  
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Domes;c	  hot	  water	  

PRE-1919 |  MIDMOOR ROAD
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5. Case study post-1919 
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1950’s 
Semi-detached house 
2 occupants  

POST-1919 |  PENZANCE

Client:   Penwith Housing Association 
Lead designer  Penwith HA 
Contractor:   Mears Ltd. 
 
Construction:  Post-1919  -  1950’s 
 
Total cost Material & labour:  £61,521 
Energy saving measures:   £58,567 

Penzance 

EWI 
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Fabric:  
•  EWI 
•  Triple glazing 
•  Minimal cold bridges 
(ground/wall) 
 
Services: 
•  MVHR 
•  Ground source heat 
pump (Calorex 3.5 kW)  
& pressurised cylinder 
•  ‘Heat pod’ extension 
•  Photovoltaic panels 

Airtightness:  
5.25 m3/m2h@50Pa 

POST-1919 |  PENZANCE
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STRATEGY

FABRIC 
The fabric measures implemented 
consisted of installing 100 mm of 
phenolic external wall insulation, 
extended 500 mm below ground level 
with expanded polystyrene insulation 
(EPS). The windows were replaced with 
triple-glazed softwood in addition to 
high performance external doors. The 
fact that the external insulation was 
installed at the same time as the new 
triple glazing and external doors were 
fitted allowed a substantial reduction in 
cold bridges, which are usually difficult 
to avoid. Finally, 400 mm of mineral wool 
insulation was installed in the loft space. 
According to the team, the strategy to 
carry out as much work as possible 
on the outside of the property worked 
well in practice and although external 
insulation is not suitable for all homes, 
there is a strong argument that it should 
be the wall insulation of choice wherever 
it can be fitted.

SERVICES
The services design strategy was 
determined by the lack of mains gas, 
with long-term fuel availability and 
occupant convenience favouring an 
all-electric solution. Running costs and 
the very low CO2 target set the details. 
Having first fixed the best practicable 
passive measures and selecting low 
energy appliances and lighting, the 
design team worked backwards from the 

CO2 target to determine the remaining 
energy available to meet the heating 
functions. These were calculated to total 
7100 kWhth p.a., but with a maximum 
of 11 kgCO2/m2 being ‘permitted’ for the 
task, only 1700 kWhe of electricity would 
be available to provide it! It was clear 
that a heat pump system with an overall 
annual efficiency (SPF) of 4.2 would be 
required, which led the team to develop 
a GASSHP system.

RENEWABLES
EoN HeatPlant ground source heat 
pumps installed in PHA properties had 
proved the possibility of this level of 
efficiency if an output temperature of 
45°C to the radiators could be matched 
with an average input temperature 
of 8˚C from the ground. The house 
is sealed so mechanical ventilation 
is necessary. A fan mounted in the 
HeatPod extracts moist warm air from 
the bathroom and kitchen, which is 
ducted to the outside. An air/water 
heat recovery coil is inserted into this 
duct and is connected to the heat 
pump’s ground loop. This is cooler than 
the discharge air, so useful energy is 
recovered and stored in the ground. 
Make up air, tempered by both solar 
gains and heating system losses, is 
drawn from the HeatPod into ducts 
which connect to ceiling diffusers in 
the two bedrooms and the hallway. The 
electricity for the fans and MVHR is 

matched by a 1 kWp PV array. A wood 
pellet stove is fitted in the lounge to 
provide both emergency back-up heat 
and a real flame fire.

VITAL STATISTICS
Although the airtightness is relatively 
high, the energy performance of the 
fabric has been vastly improved with 
good post-retrofit U-values. This will 
ensure a minimum heat loss through 
the core of the house’s fabric. Thanks to 
the comprehensive energy strategy, the 
monitored CO2 emissions of the building 
in use are showing very good and low 
results, measured to be approx. 88.6% 
lower than the pre-retrofit house and 
slightly better than the target set by the 
Technology Strategy Board. 

The fuel bills have shown to be 
reduced dramatically, in line with the 
reduction of energy demand, from 
approximately £2,000 down to just £382 
per year: a notable 80% reduction.

Vital statistics table
Characteristics Before Target Measured

Primary energy 
(kWh/m2/yr) 544 110 113

Space heating 
(kWh/m2/yr) 276 14.05 8.98

Airtightness  
(m3/m2h @ 50 Pa) 5.57 3 5.25

Type of glazing double triple triple

CO2 emissions
(kg CO2/m2/yr) 147.6 16.6 16.9

The project property is located in West Cornwall and was built in 
the 1950s as part of a local authority development. Mains gas is 
not available, and the dwelling was therefore previously reliant 
on solid fuel for heating. The original construction is concrete 
block with a 50 mm insulated cavity, solid in situ concrete  
ground floor and a traditional timber pitched roof with concrete 
tiles. The main low energy strategies implemented consist of two 
components: super insulating the fabric of the house externally 
and adding a pre-fabricated conservatory named the HeatPod 
containing a prototype ground / air / solar source heat pump 
combined with an MVHR and the hot water cylinder. Other energy 
saving measures include triple-glazed windows, photovoltaic 
panels and a wood pellet stove. 

The particular area of focus for the team on this project was the design 
of what they named the ‘HeatPod’. The concept behind the name was 
to create an add-on item which could potentially be retrofitted to any 
existing house while it is occupied. It was intended to contain all of the 
services equipment required to run the house post-retrofit, therefore 
avoiding potential floor area loss. The idea was also to provide an 
extra room in the house that combined enough space to store bikes, 
dry clothes under cover and for most of the low energy equipment. 
Additionally, its materials and form were designed to use passive solar 
gain to warm up the incoming air before being drawn into the house. 
Furthermore, the HeatPod  floor is constructed as a passive heat sink 
to enhance this effect, giving off warmth when the building cools. This 
HeatPod forms an integral part of the comfort strategy for the house.

The new volume has been designed as a prefabricated ‘bolt-on’ 
addition to a house. Upon completion, the team was very pleased and 
reported that they would be likely to replicate this on other projects 
where possible but that they would also like to see some further 
technological development and check that the monitoring data 
proves good internal comfort. In practice, joining the conservatory 
to the house in conjunction with a 100 mm layer of external wall 
insulation required some very careful detailing to achieve a watertight 
and visually satisfactory connection. This is an area of overlap 
between construction and manufacturing, introducing new ideas into 
construction work and calling for smart product development. 

Post-1919
TSB-64

Internal floor area: 68.48 m2

Primary energy  
pre-retrofit calculated: 544 kWh/m2/yr
post-retrofit measured: 113 kWh/m2/yr

Client: Penwith Housing Association (Devon 
& Cornwall Housing Group)

Lead designer: Penwith HA

Contractor: Mears Ltd

Consultants: Earth Energy  Engineering,  
Woodmead Energy Services, GeoScience Ltd

PENZANCE

Rear façade post-retrofit Services cupboard Rear extension ‘HeatPod’ internal view Services strategy with ground source 
heat pumps, MVHR, radiators

Services cupboard in HeatPod Fabric U-values post-retrofit (W/m2K)

Windows: 0.7

A Ventilation/heat recovery unit
B Hot water cylinder
C Ground source heat pump

A

B

C

Roof: 0.16

Walls: 0.17

Floor: 0.62

(Door: 1.1)

0 5

 HeatPod
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6. Airtightness 



19th International Passive House Conference

Air permeability 
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PassivHaus 
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AIRTIGHTNESS |  LESSONS LEARNED

Some reasons for largely missing the target:   

•  Lack of experience from architect 
 in designing robust airtight details 

•  Complex strategies 

•  Lack of experience from contractors  

•  Multiple penetrations of the airtight layer 
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AIRTIGHTNESS |  LESSONS LEARNED

Complex strategies – areas to look out for 
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AIRTIGHTNESS |  LESSONS LEARNED

Simple strategy gets best results 

Airtightness  
0.34 m3/m2h@50Pa 

•  Single material: OSB board 

•  Continuous airtight layer line 

•  Same face of building envelope  

•  Mitigation of penetrations 
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Difficult junction 

Airtightness figures  
Pre-retrofit 5.57 m3/m2h@50Pa 
Target 3 m3/m2h@50Pa 
Post-retrofit 5.23 m3/m2h@50Pa 

•  New volume attached to an existing  cavity wall 
construction 

•  External airtight layer 

•  Mitigation of penetrations 
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Conclusion 

•   Urgency of retrofitting the UK Housing Stock 

•   Retrofit for the Future programme  
 A platform for engaging the industry into retrofits 

•   More research needs to be undertaken on airtightness, costs,  
procurement, training, methodology… 

•   The 20x case studies are a source of information and inspiration  
 for others  

•   Results on quality of internal comfort in these retrofits are  
 good and encouraging 
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thank you
thank you 
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residential retrofit
20 case studies

Retrofit, renovation, refurbishment, restoration 
and repair are all terms describing building work 
undertaken to existing buildings to extend their 
useful life. The UK has a large housing stock that 
has evolved over generations and has become 
the fabric and character of our cities, towns 
and neighbourhoods, and the capability of this 
housing stock to adapt to change is the root of  
its sustainability. 

This book illustrates the work that has been 
undertaken to upgrade buildings to enable them 
to respond to the imperative of climate change, 
improve energy security, and to soothe fuel 
poverty in a time of rising fuel prices. It presents 
a series of innovative and detailed case studies 
of a wide range of houses, all of varying age and 
construction type, which:

!  offer examples of residential retrofit which 
can effectively address: CO2 emissions; fuel 
poverty; uncomfortable internal environments; 
and energy demand

!  expand the construction industry’s 
understanding of residential retrofit

!  increase the confidence of professionals and 
homeowners to undertake low energy retrofits

!  inform home owners and social landlords of 
the financial implications of low energy retrofit

!  illustrate strategies available for different 
construction types

!  provide building monitoring data to confirm 
real energy savings and comfort levels

With housing shortages, building inefficiencies 
and finite resources, it is essential that we 
approach the reinvention of our existing building 
stock with creative, knowledgeable and holistic 
thinking. The sharing of practical experiences, 
which this book does through the range of 
innovative design and engineering case study 
exemplars, is certainly a step in the right 
direction.
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Packed with clearly presented technical information and accompanied by 
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anyone interested in the domestic retrofit agenda. Marion Baeli teases out 
the lessons of the Retrofit for the Future programme and has transformed 
a potentially dry subject into a compelling and informative read.
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