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Worlds first climate neutral continent
by 2050

Decarbonise and reduce GH emissions

EU buildings — 40% of EU energy N N
consumption N A

Most of housing stock will exist — 2050

EU renovation wave strategy
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Renovate 35 million homes by 2030

European Performance of Buildings Directive
(EPBD) EU/2024/1275

2024 EPBD recast, C/2025/6438 Guidance
Indoor environmental quality

‘the result of an assessment of the conditions inside a
building that influence the health and wellbeing of its
occupants, based upon parameters such as those relating
to the temperature, humidity, ventilation rate and
presence of contaminants’ (Article 2(66)
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100% public sector buildings s Wisking

30% Commercial buildings

500,000 homes by 2030.

Wall & attic insulation,

National Residential
Retrofit Plan

2026

Replacing windows & doors,

Air tightness & ventilation

efficient renewable heating system (e.g. heat pump)
Renewable energy technologies (solar PV panels).
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Indoor Air Quality

Thermal Comfort & Ventilation

80% of our time indoors

Retrofit — opportunity to improve IEQ

Exposure studies
* highlight unintended consequences
* inform guidance, information general

public University
* Human exposure N W ofGalway.ie
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Indoor air quality sampling strategy

Multi-pollutant, dust/microbial and ventilation measurements in homes

Particulate matter
(PM,;)

TSI AM520 monitor

Formaldehyde
UMEX 500 passive badge

Nitrogen dioxide
CO, « CO « TVOCs » (NO,)
T Vi e =
ReeT;fierahl:Jr:ridity Passive diffusion tube
GrayWle/ ARANET /
AIRTHINGS

BTEX

Passive TD tubes

EDC collectors

Settled dust and microbial
sampling

Radon

Closed alpha-track detector
(Radtrak)

VENTILATION PERFORMANCE e airflow measurements

® Trickle vents and extract vents (presence/condition)




Home visits and activity diaries

1 Researcher’s home visit

The researcher visited each home and
completed the contextual information form with
the homeowner, occupant or tenant.

Contextual Information
sheet
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ID # _
Date
| Pre retrofit |
Post retrofit |
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2 Diary during IAQ monitoring

During IAQ monitoring, the resident completed
an activity diary to record activities that could
affect indoor air quality.

DAY ONE

IN THE MAIN LIVING ROOM
Did any of the following happen?
(Please tick all that apply)

1lam-12noon
1Z2noon-1pm

ipm-2pm
3pm-4pm

2pm-3pm
4pm-5Spm

10am-11am

S9am-10am

Windows opened
Coal/Wood/Peat fire burning

Candles/incense burning
Gas hob used

Electric cooker used

Toaster/grill used

Extractor fan on

Cleaning/polishing

Vacuum cleaner used

Pets were present

4 or more people were present

Wall or window vents present open/closed

These records provided context for interpreting the IAQ measurements.
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Significant increase in building air
tightness (2.4 - 5 m3/h.m?)

Energy uplift to minimum BER A3

Mechanically ventilated

Significant improvement
temperature & occupant comfort

0 by Lisa Fotios '
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Energy uplift to minimum BER B
Mostly naturally ventilated

Greater satisfaction with indoor
temperature

Significant reductions in sources of
thermal discomfort

0 by Lisa Fotiosj house-slippers-1444417/
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Summary findings

PM2.5 concentrations increased

Formaldehyde significantly increased post retrofit —

on the high end of values reported for European
dwellings

No significant increase in concentrations of Benzene,
ethyl benzene, xylene

Toluene concentrations decreased

NO, higher concentrations in homes with gas cooking

University
ofGalway.ie
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 Summary findings
Ventilation

Occupant behaviours
blocking wall vents
smoking
candles/incense
Wood stoves

University
ofGalway.ie




Retrofits, occupant behaviour, CO, (ppm)
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CO, Time Series Profile in Bedroom for Houses 13 and 14
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Retrofits, occupant behaviour, PM, - (ug/m?)
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Pre-retrofit Post-retrofit Pre-retrofit Post-retrofit
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Formaldehyde (ug/'m®)

Indoor Formaldehyde concentrations (ug/m) pre/post
(N=54,N=68)residential retrofit —Irish homes
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Formaldehyde (ug/m?)
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Indoor Formaldehyde concentrations (pg/m3) pre
residential retrofit —Irish, Finnish, Icelandic homes
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Indoor BTEX concentrations (ng/m3) pre/post
U7 Soaowr residential retrofit —Irish homes

BTEX Concentrations Pre and Post Retrofit
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Medium

Areg
B Hion

L ow

=
O
S
4
Q
S
©
)
-
Q
O
V)
Q
S
4
V)
@
Q.
~
Q
S
Q.
ﬁj)
-
~~
O
af
-
@
=
(O
e

n
Q
-
O

-

-
n

-

|

OLLSCOILNA (GAILLIMUE
UNIVERSITY OoF GALWAY

* *
*
- * * *
E #* -
*
= * B * *
*

300
I:I_

= i
= -
s —

(eLL/Dg) UOIEIUSIU0D UopEY




OLLSCOILNA (GAILLIMUE
UNIVERSITY OoF GALWAY

Change in radon after enerqgy retrofit
Median paired change with bootstrap 95% confidence intervals

et |
+53.0 [+5.5, +97_5]

Measured PRE — NV

Simulated PRE — MV | o
-6.8 [-29.6, +15.6]

Simulated PRE — NV %
-7.9[-326.1, +9.0]

0 50 100
Median change in Radon (POST — PRE)




BENEFIT project: a pre- and post-retrofit IAQ study of classrooms and offices

17 Irish public-sector buildings (8 office buildings, 9 schools; 51 rooms), naturally ventilated before retrofit. Retrofit: insulation, airtightness, glazing, heat
pumps; dMVHR (typically F7 filters) in the retrofitted schools and one office building.

Pollutants monitored:

Parameter IARC Sampler / analysis

Formaldehyde (ng/m?) 1 UMEx 100 badge, HPLC (MDHS 102); 7-day average 55°N

Benzene (pg/m3) 1

Tol /m? 3 54°N

oluene (ug/m?) Anasorb badges, GC (MDHS 88); Tenax tubes, GC—MS (ISO 16000-6); - e Office Building
- © -

Ethylbenzene (pg/m3) 2B 7-day average = School Building
S 53°N

Xylene (pg/m?3) 3

PM2.5 (ug/m?3) 1 TSI SidePak photometer; daily mean, occupied hours 52°N

NO, (ng/m?3) : Gradko diffusion tubes, UV-Vis; 4-week average

Radon* (Bq/m?3) 1 Airthings Wave Plus, continuous; seasonally corrected room mean

Also measured: CO,, TVOC, temperature, RH.
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BENEFIT project: Some key findings

Formaldehyde Radon
WHO 30-min guidelng 200 median
100 pg/m? 78.0
100 == == e e e e e e e
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Offices Schools Offices Schools
Key points

 PM2.5 fell by 27—-30%, consistent with airtightness and filtration;

* NO, stayed below the WHO annual guideline in every room and lower than previous studies in these settings.
e Benzene mostly < 10 ug/m3, 16 — 23 ug/m3 in three schools.

* Ethylbenzene mostly < 10ug/m3, higher concentrations in 6 offices ( 12- 304 ug/m3)

* Formaldehyde medians increased marginally.

« Radon increased in most rooms (median increase +16 Bg/m3) post-retrofit



Retrofits and indoor air.quality

Warmer homes

Inadequate handover
Ventilation aspects

\
can suffer
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Occupant behaviour
and material choice
matters
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