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ABSTRACT 
 
In 2019, the UK became the first country to declare Climate Emergency. Since then, policies have 
focused on achieving legally binding net-zero targets. With the worst-performing building 
environment in Europe, the UK has targeted the housing sector. While these policies are important 
to the environment, some of the changes we made to existing homes are not fully understood. This 
work presents indoor environmental monitoring (temperature, relative humidity and carbon 
dioxide) of a tenement in Glasgow retrofitted to the enerPHit standard.  
 
The environmental analysis suggests that the temperature (67% of the time), relative humidity (75% 
of the time) and CO2 (100% of the time) were within the recommended parameters. Overheating as 
defined by the Passive House Institute (>25°C in more than 10% of the time) was only observed in 1 
of the 7 monitored dwellings. The same dwelling also had a higher occurrence of relative humidity 
below 40%RH. This project showcases the potential to preserve Glasgow's magnificent stone 
heritage while creating flats requiring less heating than newly constructed equivalents, thanks to 
natural, low embodied materials. 
 
While retrofit measures can help to reduce the energy consumption significantly - to 25.9 
kWh/m2/year in this case (~90% lower than that of a similar), it is important to understand the 
indoor environmental conditions, as these can lead to increased performance gaps. Moreover, with 
the increased number of hospitalisation due to poor housing conditions, particularly mould, in the 
UK, indoor environment conditions have become a pressing matter. 
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OVERALL AIMS OF THE 
MONITORING 

ENERGY USE

01
MOISTURE RISK IN THE 
CONSTRUCTION

03
ENVIRONMENTAL 
CONDITIONS

02
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WHAT WE 
MEASURED?

The project looks at the relationship of the occupants to energy 
and the indoor environment. We used a survey to collect the 
occupant’s perception of the indoor environment, the use of the 
windows and the ventilation system and recorded the energy 
use.

We also used indoor environment monitors (AICO Ei1025, 
shown in the images) to measure the temperature relative 
humidity and carbon dioxide at 15-minute intervals in the 
bedroom, kitchen and living room.

Detailed sub-monitoring of the mechanical ventilation with heat 
recovery (MVHR) and waste water heat recovery (WWHR) has 
been postponed due to delays in access, missing components 
during construction to the 2023-2024 heating season.
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APPROACH TO 
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COLLECTION
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MONITORING CHALLENGES

OCCUPANTS' 
ENGAGEMENT

01
ACCESS ISSUES

03
RESEARCHER 
UNAVAILABILITY DUE 
TO COVID & TRAVEL 

02
INSTRUMENTS NOT 
INSTALLTED 

04
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BUILDING LAYOUT AND SENSORS’ 
LOCATION
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CARBON DIOXIDE
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H2 DETAIL - TEMPERATURE
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H2 DETAIL - RELATIVE HUMIDITY & CO2
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KEY LESSONS

HEAT PUMP UPTAKE

01
EnerPHit AND RETROFIT

03
ENERGY USE AND 
INDOOR ENVIRONMENT

04
EnerPHit AND 
OCCUPANT 
SATISFACTION

02
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