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Overview of the case study flats
•

Ground floor flats: 2 bedrooms.

•

1st and 2nd floor flats: 3 bedrooms.

•

East (living rooms) and west (kitchens and
bathrooms) facades.

•

Total floor area approx. 70m2.

•

Heating/hot water provided by gas in all
flats:
•
•

•

Some flats had gas cooking, others
electric.
Some flats had baths, others only showers.

Flat E

Flat D

Occupancy varied throughout the flats:
•
•

Number of occupants ranged from single
retired to single working parent with three
children.
Changes in number of occupants and
patterns of occupancy during retrofit.

Typical floorplans of ground floor (D) and
1st/2nd floor (E) flats.

Aim of building performance evaluation
Provide empirical evidence on retrofit
performance though a longitudinal study.
Before retrofit
• Establish baseline for indoor environment
and energy demand against which the
effectiveness of post-retrofit measures can
be compared.
After retrofit:
• Actual performance of the retrofit
measures.
• Examine if expected energy savings are
actually realised in reality.

Retrofit targets
• At least 75% reduction in space heating.
• EnerPHit retrofit standard:
• Space heating demand of 25 kWh/m2annum;
• Air tightness <1 ach-1@50Pa.
• U-value: overall design target 0.15 Wm-2K
• T-Cosy retrofit approach aimed to be fast to install
with minimal time onsite:
• reducing costs;
• being non-invasive to tenants, allowing them to
remain in-situ with as little disturbance as
possible.

BPE methods (before/after retrofit)
• Building fabric:
• Air-tightness test
• Thermographic survey
• U-value test
• Energy performance:
• Gas and electricity monitoring
• Environmental monitoring:
• Monitoring of indoor temperature, relative
humidity, CO2 levels, and indoor air pollutants

• Occupant feedback
• Understanding of occupancy patterns and
behaviours which influenced indoor environment
and energy consumption.

Building fabric thermal performance
before/after retrofit
• Pre-retrofit air-tightness: 3.2 ach-1@50Pa
(equivalent to air permeability of 4.7 m3h1m-2@50Pa.
• Post-retrofit airtightness: 0.67 ach1@50Pa (equivalent to air permeability of
0.92 m3h-1m-2@50Pa.

Energy use: before/after retrofit

• Monitored gas and electricity consumption during-retrofit (left) and postretrofit (right), weather corrected and normalised by number of occupants.
• Flat D: significant changes due to occupancy changes – relative gas
consumption decreased but electricity consumption increased.
• Monitoring is ongoing post-retrofit.

Energy monitoring: Gas
• Comparing Oct2019 to Mar-2020
and Oct-2020 to
Mar-2021:
• 32% reduction in
Flat C
• 86% reduction in
flat D. There was
change in
occupancy in this
flat.

Flat C
3467 kWh

Flat D

2365 kWh

6323
kWh

896 kWh

Indoor temperature: before/after retrofit

• Data available in six locations across 4 flats.
• Post-retrofit temperatures were typically warmer, had narrower
interquartile ranges (more stable), and less extreme high and low
temperatures.

Indoor environment: CO2 concentration
Flat E

During retrofit

Post-retrofit

CO2 concentration (ppm)

Pre-retrofit

Commissioning
of MVHR in Feb
2020 evident

• CO2 data available in 5 locations across 3 flats.
• Following commissioning of MVHR in February 2020, CO2 concentrations
dropped greatly.
• Pre-commissioning medians regularly in excess of 1000 ppm.
• Post-commissioning medians consistently below 800 ppm.

Occupant feedback
• Pre-retrofit occupants complained
about damp and mould issues, feeling
cold in the winter, and the cost of
heating.
• Post-retrofit interviews conduced in
January and May 2021.
• Overall residents were positive about
the retrofit:
• “The heating stays in the flat now
so we save money.”
• “We’re not getting headaches like
we used to if the windows were
shut too much because we’ve got
the constant air in.”
• Residents have some concerns about
the retrofit time-scale and disruption
caused (Covid restrictions also caused
delays)

Kitchen window:
Before

Living room window:
Before

Kitchen window:
After

Living room window:
After

Final thoughts…
•
•
•
•
•
•

Post-retrofit air permeability measured as 0.67 ach@50Pa – an
80% reduction on pre-retrofit level.
Early indications are that gas consumption has significantly
reduced post-retrofit.
Electricity consumption not significantly changed post-retrofit.
During winter, indoor temperatures were warmer and more
stable post-retrofit.
Indoor CO2 concentrations and RH levels were much lower postretrofit.
Occupants had some negative comments – mainly regarding the
retrofit process - but were generally pleased with the outcome of
the retrofit.

