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The centre for low emission construction
Raising awareness of air quality impacts from

construction and demolition

* Providing high quality scientific research to
inform policy development

« Working with manufacturers to develop low
emission technologies

* Quantify the health impact of exposure to
emissions for the public and people working in =
the construction sector Z J _

 Developing guidance for industry, planners and #**###&

air ﬁualitx Erofessionals
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Construction as a source of emissions
EMBODIED CARBON ERATIONAL CARBON

e — Heating
sl Manufacturing
Cooling

Installation of materials

Structure maintenance

Lighting
Transportation of materials

EMBODIED - the carbon footprint of construction materials OPERATIONAL - the building energy consumption when in use
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Tackling air quality and climate change

Air pollution
benefit

Flue gas clean-up
3 way catalysts
Particle filters

Climate change
benefit

Biomass burning
Urban CHP
Dieselisation
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Air Quality, Climate Chan

How can we target
air pollution, the
climate crisis

& health?

AIR
POLLUTION

Particle filters
Flue gas clean up

3-way catalysts

&

Centre for

Low Emission Construction

ge, and Health

HEALTH

£

yﬁ\ Active trave

= Clean Air
=\ Programme

CLIMATE
CRISIS
HARMFUL TO
Biomass ALL THREE
Diesel
Urban CHP
Fossil fuels

With thanks to Alice Pengelly, University of Southampton
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AQ and GHG emissions from machines used on sites

Adjusted Red Diesel Usage Sectors

« > 300,000 items of machines used

in the UK construction sector — _
- 2.5 million tonnes of diesel used on = D
UK construction in 2020
» 2 million tonnes of diesel used for
on-site generators g OF B e g B2 f
- AQ and CO, emissions associated PoE s i °’ j"‘
with burning diesel : ; :
- 6 million tonnes CO.e in 2019 L F A |

-0/
Source: BEIS, January 2023
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It is not all about carbon

] ) R S
Chief Medical Officer’s l Dementia and cognitive decline

PR e e e e
Annual Report 2022 Impacts on the central nervous system (PM) e
) ] Irritation of eyes, nose
Air pollution 4.5.3 The construction industry and thraat
serre sicpolston Impacton Urban
hrese oen Breathing problems
Air pollution emissions from construction R T R - (03: PM: NGZJ
Comstrucion siepolot . Ll ) 7
Communties,as discussed nSection 12. ectthemet peopteln Irritation, inflammation TR T T S e
of ypesof - o and infections Ischaemic heart disease,
ety g ponrron s A, el stroke, heart failure (PM, O,)
suspended back into the air we breathe.
. s st Asthma and reduced lung S
et gt syl b ol - function (NO,, 0,) Metabolic effects (PM, O,)
ol - orcrample i Chronic obstructive
Improving air quality in and around construction sites pu I maonary d Isease (PM} O R R R R R
Impact on Urban Health, which is part of Guy’s & St Thomas’ Foundation, are running a 10-year
prog; P in . The

Impacts on the reproductive
system (PM)

by poorai ity One of. f Lung cancer (PM)

industry to reduce the sector’ pollution emissions.

 Impact on L
he London boroughs of
P i pollution. One of the site ial
with .
be available until the developments are completed, their aimis to limit NO, and PM to levels

e e oo i Source: Adapted from EEA (20202
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Stepping stones to reduce on-site emissions

)
$ ‘ Diesel free

(5] site (zero-
‘Cyl@ ‘ Electrict_(gri)d tailpipe)
connection
%‘1‘% < il Hydrogen

reen

Improved © )

energy

Low carbon efficiency

fuels
(sustainably
sourced)

Diesel used
on sites

Low carbon fuels Improved efficiency Hydrogen Electric Diesel-free sites
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Baseline — diesel fuel
* Measure emissions from current fleet

— PEMS /iPEMS / on-board sensing?
* Inspect high emitters

factors for unavailable machines

* Develop fleet inventory for OEMs / hire
companies / London / UK

* Provide baseline evidence for policy
development and test scenarios

02 EMISSIONS
* ANALYTICS
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Stepping stones to reduce on-site emissions

)
$ ‘ Diesel free

site (zero-
Electric (grid tailpipe)
connection)

Hydrogen
(green)

Improved
energy
efficiency

Low carbon
fuels
(sustainably
sourced)

Diesel used
on sites

Diesel used on sites _ Improved efficiency Hydrogen Electric Diesel-free sites
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Low carbon fuels T

London
« Trial biofuels such as hydrotreated vegetable oil (HVO) &
gas-to-liquid (GTL)

* Measured minimal reduction in tailpipe emissions

* Inform fuel strategy for Government + Infrastructure
projects + OEMs + Contractors

— Department for Transport online publication

— HS2 contractor groups & Environment Agency

— Department for Energy Security & Net Zero

— Department for Environment, Food & Rural Affairs

— Department for Business Energy & Industrial Strategy

Projects

Diesel used on sites _ Improved efficiency Hydrogen Electric Diesel-free sites


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1021082/Imperial_College_London_-_HS2_Alternative_Fuel_Trial__BBV_.pdf
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Stepping stones to reduce on-site emissions

Diesel free
site (zero-
Electric (grid tailpipe)
connection)

Hydrogen
(green)

Improved
energy
efficiency

Low carbon
fuels
(sustainably
sourced)

Diesel used
on sites

Diesel used on sites Low carbon fuels _ Hydrogen Electric Diesel-free sites
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Improving efficiencies: retrofit technology

mperial Cpllege \ 4 Imperial College Envirohmental
London B ERes Group . London Research Group

Projects Projects

Junttan Piling Rig:
I Retrofit emissions analysis

Analysis undertaken independently by:

-ags - - | | Carl Desouza and Daniel Marsh {((
Bauer Piling Rig: Retrofit _. cons o LowEnson Corsnon Centre for
Emission Report

Low Emission Construction

ener R Independent analysis provided by: o
savlnéw E M | S S I O N S ® E m I n ox g:‘l“::} gﬂ?ﬁ:ﬂ%ﬁi’:ogecsg:::umnn g!ésion Construction ;
trust - @% ANALYTICS

Diesel used on sites Low carbon fuels _ Hydrogen Electric Diesel-free sites
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Improving efficiencies: energy storage recovery system

- Technology used to capture energy -
from an engine that is normally wasted
and stored in a high-speed flywheel

* Rapid ramping of power (dynamic
range)
— Paired with tower crane load cycle

« Down-sizing generator reduces hire and
fuel costs

* Reduces emissions

72 ENissions | pUNICH | Fiybrid

Diesel used on sites Low carbon fuels _ Hydrogen Electric Diesel-free sites
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Improving efficiencies: energy management system

» ‘EcoLink’ actively manages energy
demand avoiding unnecessary
peaks

* Intelligently switches off non-
essential assets when energy
demand spikes

* Smaller generators are used more
efficiently

Other power saving measures are 4V Invisible
implemented av Sysicms SUNBELL.  pajfour Beatty

Diesel used on sites Low carbon fuels _ Hydrogen Electric Diesel-free sites
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Improving efficiencies: behavioural change
23-Aug-2022

¢ Antiidling - h
* Personal exposure
& Location
£ 15
2 — PM25_Office
qu. — PM25_InCabin
E 107 — PM25_OutCabin
5_
11:00 12:00 13:00 14:00

Diesel used on sites Low carbon fuels _ Hydrogen Electric Diesel-free sites
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Stepping stones to reduce on-site emissions

o Diesel free
site (zero-
(y ) Electric (grid tailpi(pe)
I@ connection)

Hydrogen
(green)

Improved
energy
Low carbon efficiency
: fuels
Diesel used (sustainably
on sites sourced)

Electric Diesel-free sites

Diesel used on sites Low carbon fuels Improved efficiency _
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Hydrogen combustion: Clean air gas engine

« CAGE engines run on LPG and H,

* In-field tests have demonstrated
significant reductions in NOy and PM/PN
emissions

* |nnovateUK and BEIS RDR innovation
project

9’ CAGE

Powered by OakTec

Electric Diesel-free sites

Diesel used on sites Low carbon fuels Improved efficiency _
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Cleaner alternatives: LPG & Hydrogen

/ 93% reductlonrln CcO TN ,98%" fédljction in CO
#90% reduction in NO, e 97% reduction in NO,
96% reduction in PM B ™ 99% reduction in PM

= ¥ 2 %R | >~ = g - 2 h y : . : = . e
Diesel used on sites Low carbon fuels Improved efficiency _ Electric Diesel-free sites
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Hydrogen dual-fuel vehicles

» Retrofitting existing on-road fleet to run on
diesel and H, combustion &

- Demonstrating safe H, use in the construction
sector

» Technology transferable to NRMM
UK-wide H, refuelling infrastructure

ultra low emission mileage company limited

- - |
Diesel used on sites Low carbon fuels Improved efficiency _

Electric Diesel-free sites
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Hydrogen fuel cell power generator

- Demonstrating use of H, on construction sites
« Developing safe protocols
* Fuel cell generator run on H,

«  2x250kVA generator replaces traditional
500kVA diesel genset

Electric Diesel-free sites

Diesel used on sites Low carbon fuels Improved efficiency _
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Hydrogen fuel-cell generator (results)

4-month on-site trial demonstrated an annual reduction potential of 486

tonnes of CO, and 2.3 tonnes of NOy

Using the US-EPA's GHG equivalencies calculator, carbon saved equates:

Q -

V=)

1,811,845 miles driven in a
diesel car

39,751 UK gallons of diesel
saved

61 homes’ energy use for 1
year

Switching 18,420 light bulbs to
LEDs

Diesel used on sites

Low carbon fuels

Electric

Diesel-free sites
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Appllcatlons of Hydrogen

2 sinin = New Sport  y% Weather 13 iPlayer ] Sounds
NEWS

Home | Cost of Living | War in Ukraine | Coronavirus | Climate | UK | World | Business | Politics | Tech

Business | Your Money | Market Data | Companies | Economy | Technology of Business | CEO Secrets | Global Trade

The race to make diesel engines run
on hydrogen

D 11 hou

: : | FLt = 1 . JCB: BUILDING A
W - CHYDROGEN-FUTURE
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The future of hydrogen

* Hydrogen has potential to decarbonise
sectors, such as construction

Zero tail-pipe emissions

Low-carbon hydrogen could meet 10% of =
global energy needs under the International i

Hydrogen demand is forecast to double by
2030

» Clear and consistent policy still required

from govern ment
Diesel used on sites Low carbon fuels Improved efficiency _ Electric Diesel-free sites
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Stepping stones to reduce on-site emissions

Diesel free
site (zero-
tailpipe)

Electric (grid
connection)

Hydrogen
(green)

Improved
energy
Low carbon efficiency
: fuels
Diesel used (sustainably
on sites sourced)

Diesel used on sites Low carbon fuels Improved efficiency Hydrogen _ Diesel-free sites
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Electric machines

« Battery technology already exists for
small to medium NRMM

« Larger machines likely to be hydrogen
or hybrid

* Requires better site energy efficiency
measures

« Early planning for site electrification

» Clean off-grid power generation
essential as numbers of electric
machines increase

Diesel used on sites Low carbon fuels Improved efficiency Hydrogen _ Diesel-free sites




Imperial College ((‘

Centre for
ondon Low Emission Construction

Accelerating uptake to decarbonise construction

Industrial approach: Incentivise Governmental approach: Mandate
through grants? through policy?

o Al

—J
JJ_lLr. (22 r%

Y
a——

Diesel used on sites Low carbon fuels Improved efficiency Hydrogen Electric _
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Diesel free construction sites

* Through evidence produced in these
measurement trials HS2 achieved their fi
diesel free site in May 2022

Diesel-Free Plan

* They now have ten similar sites R o e
- Committed all sites diesel free by 2029 =~
« Combination of low emission solutions

« Green demand drives supply chain and
innovation

« Knowledge shared through ‘Learning
Legacy’ process

[ o s — s e G

Diesel used on sites Low carbon fuels Improved efficiency Hydrogen Electric
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Mandate through policy
Environment Agency: Lowest carbon energy

o Greater London Authonty |OW provision option for their sites, June 2022
emission zone for construction '
machinery

« Department for Net Zero funded Red
Diesel Replacement competition to

*Mains connection

Electric «Connect to existing site

Alternatives *Hydrogen
accelerate innovation to gen-sets :g())/?ar?-system

* Removal of diesel tax incentives and
global fuel cost increases drives
innovation

*Hybrid systems
*Low carbon fuel

Reduce
fossil diesel

Diesel used on sites Low carbon fuels Improved efficiency Hydrogen Electric _
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Questions?
Al

Centre for
Environmental Research Group LOW Em|SS|On ConStru Ction

Centre for Low Emission Construction

www.clec.uk

carl.desouza@imperial.ac.uk



http://www.clec.uk/
https://www.imperial.ac.uk/school-public-health/environmental-research-group/
mailto:carl.sesouza@imperial.ac.uk
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