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LETI Best Practice
• Constrained

• Unconstrained

LETI Exemplar

Energy Targets  (Modelling method)

Two 
depths of retrofit 

Fabric and systems targets 
(Constituent element method)

Two 
Approaches 
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How can you help?
Donate time:
Join our new retrofit workstreams

Retrofit Part 2: HOW DEEP, FOR HOW MANY, AT WHAT COST? – NOV 21
Retrofit Part 3: NON- DOMESTIC – JAN 22

www.leti/london/retrofit

Donate money:
Keep LETI moving
Raise £25k

£50 - individual donations £500 - organisational donations
www.leti/london/donate
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Definition of Retrofit

“Retrofit is the upgrading of a building to enable it to respond to 
the imperative of climate change.”
Marion Baeli, Residential Retrofit 20 Retrofit Case Studies, London: RIBA Publishing 2013

Reduce carbon emissions

Adapt for climate change
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The Climate Emergency

PRESENTATION’S TITLEPDP London Architects
Title



Broader Benefits of Retrofit
Energy bills & Fuel Poverty

1kWh of electricity = 4 x 1kWh of gas

3.3m UK homes in fuel poverty

Energy infrastructure costs

1kWh saved = 1kWh we don’t need to 

produce

Energy capacity

Winter peak heat demand = 

3x peak electricity supply

Energy security 

Global energy supply & shocks

Health & IAQ

1m homes have serious damp

1 in 5 UK children carry inhalers

Health & Cold Homes

1m homes are unhealthily cold and contribute 

to 10,000 winter excess deaths

Fire

1m homes have significantly higher than 

average risk of fire

Resilience

2020 - 1 in 6 homes at risk of flooding

2050 - 1 in 3 homes at risk of flooding

Economy
CLC: 500,000 new jobs in retrofit by 2030
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How far should retrofit go?
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Risks of Retrofit
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Principles of Good Retrofit
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Victorian terraced house
Conservation area
Social housing
Retrofit for the Future

Princedale Road

PassivHaus certified
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Princedale Road

Key principles

1. Insulate

2. Upgrade the windows

3. Ventilate

4. Make it all draft-proof airtight

5. Address cold bridges
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Princedale Road

Key principles
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Double glazed Double glazed Triple glazed Single glazed

Princedale Road

Princedale Road

Prototyping
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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

Princedale Road

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
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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/m²K, 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

Princedale Road

Monitoring
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Princedale Road

Princedale Road

Monitoring
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Princedale Road

Princedale Road

Monitoring
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Princedale Road

Princedale Road

Monitoring
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Grade I listed
Designed by John Nash

Regent’s Crescent
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Building Physics – Thermal bridges - THERM

Regent’s Crescent
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Regent’s Crescent

Building Physics – Moisture content - WUFI

Temp

RH

Water 
content
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Grade I listed
Grade II listed

Cambridge House 
Hotel
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Grade I listed
Grade II listed

Cambridge House 
Hotel
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Cambridge House Hotel
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Cambridge House Hotel

Cambridge House 

Heritage
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Cambridge House Hotel

Cambridge House 

Glazing
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Cambridge House 

Secondary glazing
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Secondary Glazing

LANDVAC – 0.5w/m2k FINEO – 0.7w/m2k

Vacuum glass panes



• Thermablock

• Rockwool

• Diathonite

• Dritherm

• Calsitherm

• Spacetherm

• Icynene

• Calostat
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Internal wall insulation

Non-flammable - obligations
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Claridge House

How to ‘ZERO’
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Claridge House

Form factor
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Claridge House

Client brief

Electrification of space heating
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Claridge House

Client brief

91Resi

pre-retrofit
EUI 233 
post retrofit 
EUI 68
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Claridge House

Context
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Claridge House

Opionering
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Claridge House

CO2e savings

ZERO!!

145m2 PV
38,000 kWh / yr

ZERO emissions - ZERO offset
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PAS 2035 
whole building approach

Training required
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Make Retrofit real to people

Showing what a good retrofit looks like. 

Addresses:
o Awareness gap - carbon literacy
o Knowledge gap - where do you start?
o Skills gap - who can do?

• GLA Guidance to come in Sept

Guidance: LETI Retrofit Guide
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Guidance: RIBA 2030 Climate Challenge
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retro
fit

marion baeli

residential

m
arion baeli

20 case studies
www.ribapublishing.com

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.

 
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

0.10  and 
0.35
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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
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Retrofit Coordinator – PAS 2035
PAS 2035 requires that all domestic retrofit projects incorporate a Retrofit 
Coordinator whose job is to oversee the management and design of all retrofit 
measures. To carry out this vital role, it is necessary for Retrofit Coordinators to 
attain the Level 5 Diploma in Retrofit Coordination and Risk Management.

Guidance: Retrofit Academy
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Train ‘en masse’: PDP London Low Carbon Retrofitters



Thank You


