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Agenda Tl Day 1

10:30-11:00 Registration + tea/coffee/pastries

11:00-11:15 Welcome and Opening Remarks
Chair: Zongbo Shi

Welcome from University of Birmingham - Bill Bloss
Welcome from Project Directors — Zongbo Shi and Ruth Doherty

11:15-11:45 Keynote Speakers
Chair: Ruth Doherty

Setting the scene: UK / regional landscape of the transition to Net Zero
Sani Dimitroulopoulou, Principal Environmental Public Health

Specialist, UK Health Security Agency (UKHSA)

Graham Campbell, Head of Programme, Population and Systems

Medicine Board, Medical Research Council (MRC)

Sophia Lentzos, Head of Sustainability, National Institute for

Health and Care Research (NIHR)

Alex Gordon, Energy Projects Officer, West Midlands Combined

Authority (WMCA)

11:45-1:00 INHABIT Hub Overview
Chair: Zongbo Shi

Introduction to INHABIT - Zongbo Shi

Five work strands objectives - Strand Leads

Three cross-cutting themes objectives- Theme Leads
Questions + Answers

1:00-2:00

2:00-3:30

3:30-4:00

4:00-5:00

5:00-5:15

5:15-7:00

7:00 onwards

Lunch + networking

Project Partner and Stakeholder Session
Chair: Anna Mavrogianni
Lightning talks from project partners/stakeholders

Tea, coffee + cake

Priorities and Scoping Discussion

Chair: James Milner

Reflections from previous session, break-out groups to discuss key
priorities / barriers going forwards, and group feedback

Wrap up
Chair: Ruth Doherty/Zongbo Shi

Informal time — INHABIT Hub photo, drinks reception and networking, and
time to check in (those staying over)

Dinner
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Indoor HABItability during the Transition to Net Zero Housing Hub




Welcome and Opening Remarks

Prof William (Bill) Bloss
Pro-Vice-Chancellor & Head of College of Life and Environmental Sciences
University of Birmingham



Purpose of the Launch Event

A Launch our INHABIT hub

A Bring together whole INHABIT hub in the same room i to get to know
each other.

A Provide an opportunity to introduce the project and enable networking.

A Understand partner needs and priorities

A Start with keynotes, hub overview introducing work stream and cross
cutting theme structure, followed by partner-focused sessions
ATomorrow morning: Collectively w

INHABIT
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INHABIT's Journey ~ B===mm==

Building a Green Future — Targeting National Priorities

Realising the health co-benefits of the )
transmon to net zero - networking

Realising the health co-benefits of the
transition to net zero

Opportunity status: Closed Timeline

Funders: UK Research and Innovation, Arts and Humanities
Research Council (AHRC), Biotechnology and
Biological Sciences Research Council (BBSRC),
Economic and Social Research Council (ESRC),
Engineering and Physical Sciences Research Council
(EPSRC), Medical Research Council (MRC), Natural Q) 5 October 2023 3:00pm
Environment Research Council (NERC), Science and Webinar
Technology Facilities Council (STFC)

QO 12 September 2023 9:00am

() 14 November 2023 4:00pm

Co-funders: National Institute for Health and Care Research
(NIHR) Mandatory expression of interest deadline
closing date
Funding type: Grant 20 Fe b 2024
Total fund: £30,000,000 () 12 and 13 December 2023
Workshop event
Maximum award: £6,000,000

Realising the health co-benefits of the
transition to net zero: invited stage two

Opportunity status: Closed Timeline Indoor HABItability during Transition to Net Zero Housing Hub (INHABIT)

Funders: UK Research and Innovation, Arts and Humanities
Research Council (AHRC), Biotechnology and
Biological Sciences Research Council (BBSRC),
Economic and Social Research Council (ESRC),
Engineering and Physical Sciences Research Council

O 16 January 2024 9:00am Panel interviewees:
Invited stage two opening date

(EPSRC), Medical Research Council (MRC), Natural Q) 17 April 2024 4:00pm
Environment Research Council (NERC), Science and Invited stage two closing date

Technology Facilities Council (STFC)

Co-funders: National Institute for Health and Care Research Q May/June 2024 t 14' 1 5 J u I 2 O 2 5

Panel meetings s FR "
(NIHR) Prof Zongbo Shi Prof Anna Mavrogianni Dr James Milner Mr Nick Laws
= . Air Quality and Net Zero Sustainable and Healthy Population Health Public Health Specialist
Funding type: Grant Q June/July 2024 University of Birmingham Built Environment London School of Hygiene Solihull Metropolitan
X University College London and Tropical Medicine Borough Council

Total fund: £34,375,000 Interviews Hub Director Hub Deputy Director Hub Deputy Director Hub Project Partner

Maximum award: £6,875,000 O within 10 working d £ fundi INHABIT t
within working days of fundin . H . H

Publication date: January 2024 . cng cay 9 o8 Equality, Hub leadership board: o eam
decision meeting *M\ Diversity & : . 44% female

Opening date: 16 January 2024 9:00am UK time Informed of funding decision N inclusion 52% * 48% T 28% ethnic minorities

= ) - 56% early to mid-career
Closing date: April 2024 4:00pm UK time O by 1 November 2024

Indoor HABItability during the Transmon to Net Zero Housmg ub



INHABIT hub leadership

Prof Zongbo Shi
INHABIT Director
University of Birmingham

Prof Ruth Doherty
INHABIT Co-Director
University of Edinburgh

Dr Cat Muller

Senior Project Manager
University of Birmingham

Dr. James Milner
Hub Deputy-Director
LSHTM

Prof Anna Mavrogianni
Hub Deputy-Director
UCL
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Keynote Session:
UKHSA, UKRI MRC, NIHR, WMCA

Chair: Ruth Doherty (INHABIT Co-Director, University of Edinburgh)
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Keynote Speakers

Sani Dimitroulopoulou

Principal Environmental | |
Public Health Specialist, =

UK Health Security Agency
(UKHSA)

Sophia Lentzos
Head of Sustainability,
National Institute for Health
and Care Research
(NIHR)

Graham Campbell

Head of Programme,
Population and Systems
Medicine Board, Medical
Research Council (MRC)

Alex Gordon

Net Zero Neighbourhoods
Programme Lead, West
Midlands Combined

Authority (WMCA)
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Impact of Climate Change policies on
Indoor Air Quality and health

Professor Sani Dimitroulopoulou

Principal Environmental Public Health Scientist - Indoor Environments,
Air Quality and Public Health, Environmental Hazards and Emergencies Dept, UK Health Security Agency

Visiting Professor, IEDE, The Bartlett School, University College London
Chair of UKIEG (UK Indoor Environments Group)
Fellow of ISIAQ Academy (International Society of Indoor Air Quality and Climate)




Climate Change Challenge
The world is changing under the climate change
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Climate change
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Kindly provided by Corinne Mandin (IRSN, France)




Measures to help achieve net zero

Health and Energy supply and use  Nature-based solutions  Carbon capture
care systems Raducing demand and Forests and woodiand, and storage
Sustainablo and switching 1o low GHG energy urban greenspaces,

resilient health systems (wind, solar, nuclear, biofue) peatland and wetlands

Housing Transport Agricultural, food systems
Energy efficiency design and retrofit Active travel (walking, and low carbon diets
(roof and wall insulation, improved wheeling, cycling), electric Changing farming practices,
glazing, energy effcient applances, vehicles, sustainable public land-use changes, dietary changes
highting and heating) transport

HECC 2023 report chapter 14. Net zero: health impacts of policies to reduce
greenhouse gas emissions (publishing.service.gov.uk)

UK housing stock: one of the oldest
in Europe

large-scale home retrofits are
required to reduce energy demand
and achieve net zero.

EE measures aim to increase
building airtightness:
. may help alleviate fuel poverty

and improve thermal comfort in
winter, BUT

without accompanying
improvements in ventilation,
indoor environmental quality may
be deteriorated, in both new
builds and retrofitted


https://assets.publishing.service.gov.uk/media/657060b7739135000db03bcb/HECC-report-2023-chapter-14-net-zero.pdf
https://assets.publishing.service.gov.uk/media/657060b7739135000db03bcb/HECC-report-2023-chapter-14-net-zero.pdf

Net zero policies

Challenge:

U Impact of net-zero
policies

* Need to understand how
current and emerging
building infrastructure
design, construction, and
materials used may affect
IEQ parameters and hence
our health and wellbeing.

UK Hoanm
Securny
Agercy

Health Effects of Climate Change
(HECC) in the UK: 2023 report

Chapter 5. Impact of chmate change

POLCIEs ON INGOO! environmental guaily

and health n UK housing

HECC report 2023. Chapter 5: Impact of climate

change policies on indoor environmental

guality and health in UK housing

(publishing.service.gov.uk)

Exploring the
Consequences of Climate
Change for Indoor Air
Quality

DL ]
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Elsevier book; to be published



https://assets.publishing.service.gov.uk/media/65704f719462260721c569ca/HECC-report-2023-chapter-5-indoor-air-quality.pdf
https://assets.publishing.service.gov.uk/media/65704f719462260721c569ca/HECC-report-2023-chapter-5-indoor-air-quality.pdf
https://assets.publishing.service.gov.uk/media/65704f719462260721c569ca/HECC-report-2023-chapter-5-indoor-air-quality.pdf
https://assets.publishing.service.gov.uk/media/65704f719462260721c569ca/HECC-report-2023-chapter-5-indoor-air-quality.pdf

Impact on ventilation

[ The provision of adequate ventilation may be disrupted by energy efficiency measures increasing building
airtightness:
= Energy efficient ventilation systems (e.g., MVHR) may not maintain good IAQ, if they are not well
specified, designed, installed, commissioned, understood, operated and maintained properly, even in
high performance buildings such as Passivhaus

[ Ensuring continued operation of ventilation = important as provision
» Improvements in energy efficiency through airtightness are often ineffective, due to lack of
occupants’ awareness of how to operate the ventilation systems or due to noise issues

[ Use of air conditioning also discourages ventilation (closing windows to keep cool in), but many AC
systems only provide cooling and not ventilation
®  air quality benefits by coupling mechanical ventilation systems with AC or air purification systems
®  when air conditioning is used improperly, mould spore formation may occur (de-humidification can
be impaired and rendered ineffective)




Impact on indoor air quality - Inorganic, PM, chemicals

European homes with energy efficient retrofits, combined with mechanical ventilation, have:
= Jower indoor concentrations of radon, VOCs (formaldehyde, toluene, butane), CO, CO2, mould,
bacteria and dust mites compared to naturally ventilated homes.
® NO2 and VOCs results other than formaldehyde are mixed, likely due to the presence of both indoor
and outdoor sources

O If whole-house mechanical ventilation is not implemented, it may lead to: N

® reduced ventilation rates : -

® increased levels of benzene, toluene, ethyl benzene, and xylene (BTEX) indoors, ~ !

because of insulation materials (foam sealants and caulks) Building Energy
Efficiency

O If provision of mechanical ventilation is not possible, addition of passive ventilation systems (e.g.
bathroom or kitchen fans, window trickle vents) significantly reduced indoor PM2.5, radon and mould, but
slightly increased indoor concentrations of outdoor-generated PM2.5

L Increase in indoor hygrothermal conditions, due to improvements in thermal performance, reduced
heating costs and personal preferences, also directly affect the indoor chemistry and off-gassing of
pollutants from building materials or furnishings, increasing their concentrations. The use of low-emission
materials is recommended




Impact on indoor air quality — Biological contamination

U Biological contaminants in indoor environments: bacteria, fungi, viruses, pollen, insects, mites and pet
dander.
® pollen may penetrate from outdoor air,
®  humans can spread biological pathogens (e.g. viruses and bacteria),
" biological pollutants (HDM) can colonise indoor settings.

U Mould and damp can occur in
U old buildings due to poor insulation,
O energy efficient buildings, due to inadequate ventilation, or design and construction problems
leading to thermal bridges.

U ‘Green buildings’ and properly executed energy retrofits should not increase moisture or bio-
contamination




Conclusions

\

W There is a growing body of evidence suggesting that both private and public
energy efficient buildings have the potential to maintain good IAQ, if
implemented with correctly commissioned, installed and maintained
ventilation systems.

U Building codes and performance standards should evolve to promote energy
efficiency measures that are resilient to future climates, while still protecting
IAQ and therefore public health.

(U Possible interactions with other aspects of IEQ, such as thermal comfort and
noise should also be considered.

N /!




Government + Industry + Academia:
We produce our best
when we ALL work together

Thank you '
Sani.Dimitroulopoulou@ukhsa.gov.uk



mailto:Sani.Dimitroulopoulou@phe.gov.uk

Sophia Lentzos
Head of Sustainability

N I H R National Institute for
Health and Care Research

ABIT

Indoor HABItability during the Transition to Net Zero Housing Hub



N I H R National Institute for
Health and Care Research

Climate, Health, and
Sustainability NIHR

INHABIT Hub Launch

Dr Sophia Lentzos
NIHR Head of Climate, Health and Sustainability
Sophia.lentzos@nihr.ac.uk




The UK Net Zero Landscape

Research Briefing

The UK’s plans and progress to reach net
zero by 2050

Published Thursday, 26 September, 2024

NHS

England

A Evidence gaps exist Delivering a ‘Net Zero'

across sectors on both National Health Service
how to achieve net zero

and how to adapt to a

changing climate -
£ o Climate
Change
Committee

N I H National Institute for
Health and Care Research




Our approach at NIHR

Reducing global health inequalities

Training Funding
& Capacity research

Health & care systems
Research systems
Human health

Global, cross sector, networks, and communities
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Looking to the future

A NIHR Is actively looking to increase funding across all
these areas

A Hope is that outputs from current funding will begin to inform policy and
practice

A Continue to identify and address research gaps across the system

A Continue to approach climate and health research through a
transdisciplinary approach across sectors

A Ensuring health is at the heart of the UK transition to Net Zero

N I H National Institute for
Health and Care Research



Graham Campbell

Head of Programme,
Population and Systems
Medicine Board

Medical
Research
Council

Indoor HABItability




Medical
Research
Council

Realising the health co-
benefits of the transition to
net zero '

Graham Campbell
Head of Programme, Population and
Systems Medicine Board




Building a green future

To accelerate the green economy by supporting research and innovation that delivers on national priorities
and unlocks solutions essential to achieving net zero in the UK by 2050

A Helping to improve the health of our
environment, transform behaviours and policy
to deliver net zero and secure prosperity
across the whole of the UK

A Our whole systems solutions will support
growth of business, jobs, skills and
sustainable, resilient public services and
Infrastructure, addressing environmental and
net zero challenges in all sectors of the
economy

Medical
Research
Council




Investment portfolio

Areas of focus

Targeting
national
priorities

Accelerating
the Green
Economy

Achieving the

last 20%

Investing into

Transforming Land
Use for Net Zero,

Nature and People
£20.8m

Greenhouse Gas
Emissions Measurement
and Modelling
Advancement (GEMMA)
£11.6m

Accelerating the
Green Economy
£35m

Global Centres of
Excellence in Clean
Energy and Climate

Change
£54m

Net Zero Transport
for a Resilient Future

Research Hub
£10.5m

Equitable Nature-
based Climate
Resilience in
Sub-Saharan Africa
£8.2m

I‘ I Soclal Sciences and Hemaniies  Gonsail da sacherches an
soiensas hummines du Canncn

Rasasrch Dounci of Camada

#

Departrment
for Environment
Food & Rural Affairs

@

O

Centre for Sustainable
and equitable low-

carbon living
£8.5m

Maximising UK
Adaptation to Climate
Change
£15m

NSERC
CRSNG

Building a Green Future

Canadia

Realising the health
co-benefits of the
transition to
Net Zero
£30m

Systems Approaches
1o Advance the UK's
Transition to Net Zero

£10m

Agriculture, Environment
and Bural Affairs

ey

NIHR | &G eseren

Met Office
sonsnomernst NPLHE Foroign, Commonueath
gov.scot Matimsal Phpxisal Labsrstary & Development Office
e e oo g
Department Department for Department for Departrment
of Health & Science, Innovation, Energy Security for Transport
Social Carer & Technology & Net Zero




Realising the health co -benefits of the transition to net zero

Transport and built environment
A Healthy Low-Carbon Transport Hub (HLTH) i William Powrie, University of Southampton

Indoor environments in a net zero world
A Child and adolescent Health Impacts of Learning Indoor environments under net zero: The CHILI Hub i Pia Hardelid,
University College London

A Indoor HABItability during the Transition to Net Zero Housing Hub:INHABIT i Zongbo Shi, University of Birmingham

Sustainable healthy diets
A THRIVING food futures (Transdisciplinary Health Research to Identify Viable Interventions for Netzero Goals: food futures) i
Peter Scarborough, University of Oxford

Extreme weather
A HEARTH: National Hub on Net Zero, Health and Extreme Heat i Rajat Gupta, Oxford Brookes University

Decarbonising health and social care pathways
A The UK Hub for One Health Systems: Creating Sustainable Health and Social Care Pathways i Ed Wilson, University of
Exeter

A Atransdisciplinary hub to decarbonise commissioning and delivery of healthcare i Mahmood Bhutta, University of Sussex

Research
Council




Securing better healthageing and wellbeing

Improve population health, tackle the health inequalities affecting people and communities, and
advance interventions that keep us healthier for longer.

Our goal is to achieve a holistic, 360-degree perspective of the biological, social, cultural and environmental
influences on the physical and mental health and wellbeing across the lifespan, to:

Astrengthen prevention and interventions
Areduce health inequalities
Aimprove human health

Alnvestments:
ACentre for Net Positive Health and Climate Solutions (University of Exeter) ~£7.5m

APopulation and Health Improvement UK (PHI-UK) ~£35m
AHealthy urban spaces (Bradford Institute for Health Research)
AEnhancing policy modelling (University of Glasgow)

Medical
Research
Council




MRC applicant -led research

We aim to strengthen integration of research and data across environmental, health and biomedical domains to better
understand health impacts of environmental change and develop interventions to promote human health.

Infections and Immunity Board
Understand how pathogens spread through the environment creating major public health threats

Neurosciences and Mental Health Board
Prevent mental iliness by drawing together biological, social and environmental factors and identifying
opportunities for action in early life

Population and Systems Medicine Board
Population health and the impact of environmental or extrinsic factors on health across the life course

Molecular and Cellular Medicine Board
Understanding causal pathways and mechanisms (cellular) through which environmental threats cause adverse
health outcomes

Speak to us!

Medical
Research
Council




Alex Gordon

Net Zero Neighbourhoods
Programme Lead

West Midlands
Combined Authority

Indoor HABItability during the Transition to Net Zero Housing Hub



"\ West Midlands
o Combined Authority

Net Zero In the
West Midlands

Alex Gordon
Net ZeroNeighbourhoods
Programmelead




Housing

50 working weeks per year 091,263 homes per week

40 hours per working week 6 32 homes per hour

1 home every 2 minutes

/o
-~

Can we develop areplicable funding and delivery model  for creating low carbon energy communities ona
street -by -street or neighbourhood -by-neighbourhood basis.

W/



Housing

Proportion of households in fuel poverty, 2022 (%)
30 -

Data from DESNZ: Sub-regional fuel poverty data 2024 (2022 data) (Open Government Licence).

°



i
Renewables Generation Capacity - %

Generation ~093

Capacity in 2023 (GW)
[ Jo-05

[ 105~-1
[11-15

B 15-25

B 2s-35

Bl 3s5-55

Bl ss-10

I 10- 20




Generation

Percentage of electricity demand met by embedded renewables generation in 2050

Data from NGED: 2024 DFES (NGED Open Data Licence).



Distribution

Extent of local network upgrade required to reach net zero

Estimated excess local upgrade cost in 2050 (Ek per LSOA)

I -250 to -150
-150 to -50
-50 to 50
50 to 150
[ 150 to 250
B 250 to 350
B More than 350

Source: Research by Few et al 2024 (used with permission).

Eew etal 2024,
A 4



Summary

AWe candt pay our way to Net Zer

AGeneration is, and will continue to be, challenging




What can we do?

Vision: By 2041, the West Midlands will have trailblazed the route to a smarter UK energy system,
creating prosperity for the region and enabling a fairer net zero transition for our communities.

I

v
- -
- L)
=

Smart Spatial Local Co-located Skilled Commercial
Planning Flexibility Clean Workforce and and Financial
Generation Supply Chain Innovation
Policy Foundation




The Regional Energy Strategy
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INHABIT overview

A Official start: 13 February 2025
A Five-year initiative

A 11 funded partners

A £7.3 M Grant total

A 2 PhD studentships

A £10.4 M In-kind contribution

A Total ~ £18 Million

Hub Total:

£18.0M




Transdisciplinary Team with Geographical Representation

Health and Social
Sciences, Built and
Natural Environment

42 Diverse Partners

10 Universities

14 Local authorities

6 Government-related
4 Housing associations
4 Industrial partners

4 NGOs
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Net Zero Housing: Challenges

Energy
retrofit

UK Government target: NZ GHG emissions by 2050
AHousing sector i 25% GHG emissions

AUK homes are not fit for future

A80% of the existing 29 million homes will be around in 2050.
Half of these were built before 1960, and a sixth before 19109.

ALarge -scale energy retrofits needed




Net Zero Housing: systems impacts

Occupant Genetic, clinical risk
behaviours and factors

characteristics

Other chemical, physical
and biological exposures

A 4

Houseif?;gninergy Inadequate heating & Indoor damp & T T Health and
y ventilation strategies condensation inequalities

A

\ Temperature: heating
/ cooling
Maintenance & other
housing
characteristics

Adapted from Sharpe et al.
Env. Int. (2014)

Indoor air pollution




Retrofit: impacts on indoor environment, health and inequalities

Decrease =———— — = Increase

Reference N Location Duration Control Homes
1 wesk 0
Oxford, |pre and A0
24 ,
Gupta 5 UK post 0 'T% —1T1
retrofit
. 24 hours
Haverinen- ) .
Shaughnessy 15 th_huama pre and 5 »
25 39 [ Finland | post 7 i
etal. 2
retrofit
24 hours
Brodegsck 8 Ireland pre and 0 64
etal® | 7 post — 7
retrofit
1 hour
Frey et Phoenix, | pre and
o7 72 0
al. us post -36 m—
retrofit
Richmond, | 2 weeks
Noris et 6 us pre and }
0 51
al?® 5 | Fresno, | post _=
us retrofit /)
LN L B L LR BLEL L B L B

T
-80

T T
-40  -20 0 20 40 60 180

Percentage change of PM2.5 Concentration (%)

-60

Qian et al., 2025. In preparation

20

p—t
o

PM, 5 concentration, ug. m=3

-
e

O
> O

—
N

O __®

s

1

2 3 4 5 6 7 8 9
most deprived « Decile - |east deprived

COMEAP, 2010; RCP, 2025

Health in the centre of climate mitigation

10



Our vision Overall aim

To accelerate the To produce scientific

creation of healthy, evidence and policy-
net zero homes relevant solutions to

where everyone
enjoys clean air and
comfort indoors

realise the health co -
benefits of the net zero
transition in housing

fOur homes provide the living environment that dictates our I B AT I
C . . ; = uigl = gy o 4 ufy it
future health. 0O- Sir Michael Marmot LIN- BN Dl
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Reducing inequalities -
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Research: observations and modelling (quantitative)

WS2: Real-world measurements:
A 200+ control and retrofit homes: N-RCT

A Indoor air pollutants, T&RH, bioaerosols, &
Damp and mould, EPC

A Surveys e.g. Short Warwick-Edinburgh
Mental Well-being Scale

WS3: Exposure -Health modelling

A Framework development

WS4: Evaluating interventions

A Structural and Behavioural interventions

A Decision support tool INHA

Indoor HABItability during the Transition to Net Zero Housing Hub

GHG emissions




Research: co -create solutions

WS1: Systems understanding

WS5: Real-world applications with our partners
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