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The Challenge(s)
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Ireland’s housing crisis is the single biggest concern to the Irish people’

Housing targets
not being met

We need to double current annual
housing delivery to meet targets (60k)

“An existential threat to Ireland’s
economic competitiveness”?

“30% of international recruits who
accepted positions cancelled after
researching housing market” 3

Record homelessness in

20254, huge class divide’ A construction sector

that cannot meet

Acute labour challenges with societal needs

shortfalls of >77,000 ©

Carbon obligations
are not being met

Gains in OC reduction would be negated
by rising EC from planned housing’.
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Adapted from O’Hegarty & Kinnane, 20237

Ireland expected to pay €8 —
28bn in carbon credits in 20308.



7 PLATFORM 3%
The Specific Challenge e 2
[ We need more MMC adoption, digitisation and holistic data-driven decision-making }

The Irish construction sector is predominantly SMEs
~93% employ less than 6 people (2023)°

European Strategy for Housing
Construction

B Top 10 builders

To meet these challenges, the strategy promotes modern building
methods such as:

« Modular and prefabricated construction
+ Circular economy principles

= Energy-efficient technologies Small builders

T S 79%

% housing constructed in 2023°

Only 7% of Irish firms regard MMC as their main activity (EY, 2023)°
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Our Solution
A centralised digital service integrating three features

Three key barriers to MMC uptake:
- Lack of independent knowledge

- Lack of holistic decision-support

- Absence of a market interface

Decision-Support Tool
Environmental, social, economic & viability KPIs

Market interface
A knowledge hub
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We have achieved a lot in Grow Phase

A. Knowledge B. Prototype
development development

Bt o B g
£ def. |
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PLATFORM4MMC
Synthesis

C. Commercial

W evaluation
/s

[ Underpinned by extensive stakeholder validation, co-creation and iterative refinements ]




Grow Phase Achievements
A. Knowledge development

Challenging narratives and pro-innovation bias
through academic rigour
6 publications and +6 underway

Understanding the
embodied carbon
credentials of modern

methods of construction

Client:  UCD
Fi

[ Inform the KPIs and decision-support framework within the tool

PLATFORM ¢
MMC

Operational team

Dr. R. O'Hegarty Reid-PoeII C. Fidecaro
(uco)* (UCD) (UCD)*

Olo ul
(Ucb)*

C. Power‘s Dr. J. Pittam
(UCD)

(UCD)*
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R.Mossop  Dr. S Raffoul  Dr. E Rowley
(UCD) (UCDY* (UCD)
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DI’ O Kinnane V.Reddy R.Mac Sweeney
(UCD)* (RKD)* (RKD)*

External expert consultants




Grow Phase Achievements

B. Prototype development and validation

@obust prototype deployed in November \
Tested by 42 stakeholders over 2 weeks
Excellent feedback - 30% response rate

Validation of commercial model

Overall platform usability

it Value of including manufacturer

product information

Dr. S Raffoul Dr. G. Dede
(UCD) (UCD)
16%

8%

Qechnology and data architecture in place/

‘The Decision-Support Tool is
the most useful element of the
platform — there is simply
nothing else like it in the
market!’

- Industry representative

(Appendix 1a)

1 2 3 4 5 1
Ranking

Pricing Model Validation

T. Flynn

J. Cassey
(Granite; Developer)(Granite; UX/UI)
16.7%  Free access with premium paid options
Institutional license
8.3% SaaS m
8.3% B ?;
Yes, if the product is comprehensive

16.7% 16.7% Other -M /

G. Corcoran
(Granite)

External expert consultants



Q

(|

-

PLATF

=0

=20
o

Grow Phase Achievements
C. Commercial assessment

Commercial team

A commercial two-tiered revenue model

e 8% @ 60%
Value proposition validation Market Score i Novelty Score o
=3
. - . Outputs from Tradespace ) ,ﬁ
Spin-out to commercialise IP at end of Prize (NovaUCD — UCD's hub for innovation & startups) IE & xﬁ\
Dr. S Raffoul Dr. O Kinnane
(UCD) (UCD)
1.20 900
oo —Annual Revenue 300 Designers (DST) - 20% market .
’ Annual Expenditure 700 | O Manufacturers (Market Interface) share = /
— 0.80 « 600 i W’
w z ’//%/ ///W/f//\
S 0.60 g >0 H. Hayden
= é 400 80% market (TTO; Nova)
2 0.40 @ 300 & share
0.20 200 vy
— 100 ﬂ T
.
0.00 0 = »
1 2 3 4 5 1 2 3 4 5
Year (Post PRIZE phase) Year (Post PRIZE phase) B. Maguire
Cash Flow Forecasts Subscriber volume and market share (Business C%r;sultant
BVB

[ A sustainable, profitable, scalable revenue model ] External expert consultants




We know what we need to do S

PLATFORM o=
TG
MMC <
Prize and beyond
nd dep\oyment appfoad_‘ __________________________
and deploy™M=" 7T
phased de\/e\opme\’\’—i: sca\\ﬂg ______________
Market-
Advanced war
prototype candidate Craduct
Prize phase Post.
p Prize

We are here

Zero Ambitions Podcast

AMBITIONS PODCAST Skillnet
Embodied carbon and how sustainable is MMC?

ACCELERATE




Conclusion & Impact

Concluding remarks

» The construction industry needs to double
annual housing delivery while meeting
evolving climate & ESG targets.

» This requires greater MMC uptake,
digitisation and holistic decision-support

» SME-dominated construction sector with
limited innovation capacity requires support

Our centralised, user-friendly, impartial
decision-support tool is crucial to assess,
compare and select responsible MMC solutions
enabling its higher uptake

PLATF
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Short-Medium term  Long term

Impact

Speed up MMC uptake and housing delivery

» Facilitate compliance reporting & transparency
Address labour challenges

* Improve supply-chain coordination

Transformational systemic change in
construction across multiple sectors

Digital and green transition
Holistic triple-bottom-line decision-making
* A more resilient construction sector

* Broad policy and societal impacts
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ABSTRACT

This study cssesses the embodied carbon credentiols of modern methods of construction
(MMO) by canducting o critical literature review

nd synthests of the findings. Whie
cts of MMC, na ather study to date hos
comprehensively reviewed the embodied carbon credentials of this construction typelogy

severdl studies hove reviewed the brooder imp

Since MMC is not an intesnaticnally recognised term, the o nent is inclusive of

er

terminoiogy .
and indu

ed in different parts of the world - e.g prefobrication, off-site construction

jtils

udies hese

sad construction. The study coptures 250 separate

to o finot somple set of 41 studies and a tetdl of 82 cose study compariscns. Although a

genevol perception exists that the adoption of MMC results in embodied corbon savings,
the evidence to support this claim & not obust. The results from individual cose studies
range significantly in bath direction and magnitude, and, in the absence of o itical

review, considerably different sions can be drawn. Upon aritique and synthesis of
the published studies, it is found that the cdoption of MMC has no sigrificant positive, ar
regative, impact on the embed

carbon of a bulding

POLICY RELEVANCE

MMC have been widel

ted as the amswer 1o housing shortages and productivit

in the construction industry mare broadly. They hove subsequently attrocted political
gions. Embodied corbon i anather
coritinued debate in built environment policy. There is o somewh

ic of

ntion end implement

0 in many res

t hopeful o

mpticn
thaot the adoption of MMC will reduce embodied carbon. But, to date, the evidence to
arrive ot thot assumption has been incorsistent. The Rercture that compares MMC with

ad link be

troditicnal truction veries considesobly. It is found thot there is no

MMC and reduced embadied carban. Reducing the embodied corban of buildings requires
ausessment on o cose-by-case bass
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Can MMC be a more sustainable solution?



- 2D Concrete panels - UCD Research -
- from 2018 -
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Experimental

Finite element
modelling

Circulation
Pump

Thin
sandwich

Test panel:

Optimised panel:

panel

Cross Section

45°C

U, =0.324 Wm?2K!

20°C

Uy =0.133 Wm?2K!



Materials + embodied carbon

Mix iteration 4 Mix iteration 16

Panel 0 - British Precast

Pane 1 - Mix2

Pand 2 - Mix 6

Panel 3 - Yuet al. [32]

—
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R 40%
reduction

1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80

Total embodied carbon per m? of facade area

Microsilica

GGBS Limestone Quartzite Limestone Quartzite Resin coated Basalt fibres Resin coated

sand sand 10 mm 10 mm glass fibres crimped basalt

fibres




Can MMC be a more sustainable solution?

Yes



Is it?
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Embodied carbon baseline
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“For the purpose of this work, the term “MMC building” herein refers to
all buildings that use a form of off-site construction (e.g. MMC, OSM,

PFC, etc.) that is consistent with the UK definition of

Terminology

Countries

Modern Methods of Construction

Off-Site Manufacturing
Industrialized Building System

Prefabrication, Preassembly, Modularization, Off-site Fabrication

Off-Site Construction

Prefabricated Prefinished Volumetric Construction
Modular Integrated Construction

Off-Site Production
Industrialised Construction
Industrialised Housing
Prefabricated Housing
Modular Construction

UK, Ireland, Spain
Australia
Malaysia, Thailand
us

China

Singapore

Hong Kong
Germany
Sweden, Finland, Denmark
Netherlands
Japan, Philippines
Canada

MMC categones 1, 2, 3 and 5.”

1. Table of related terms used to describe non-conventional construction (Adapted from (Ayin

International
academic study



Start

Search: Abstract OR Title OR Keywords

Search for: { modern-methods-of-construction OR prefabricated-
construction OR offsite-construction OR prefabricated-buildings OR mmc
OR OSM OR industrialized-building-system OR preassembly OR
prefabricated-building OR prefabricated-home OR prefabricated-housing
OR modular-construction OR industrialized-construction OR modular-
integrated-construction } AND { life-cycle-analysis OR embodied-carbon
OR global-warming-potential OR embodied-greenhouse-gas-emissions
OR life-cycle-assessment OR whole-life-carbon OR carbon-

footprint OR global-warming-potential }

Snowbhalling
Additional relevant articles not captured in
meta search

n=11
]

Articles selected for case

study analysis
Expanded scope based on references within
meta search

n=41

Articles Articles
from initial search after initial screening

n = 250 n = 66

] .

Stage 1 Stage 2
v
Initial filtering Further filtering
Discarded based on a manual review of relevance. Relevant but inadequate quantitative data
n=184 n =36
] [ ]

Stage 3

Systematic

review
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Geographical location Building
function
(count)
87% Residential
US ==—— buildings
Slovenia ———
—— .
Hong Kong The remaining case
e — studies were a
Portugal |=—— mixture of schools,
Spain —— education buildings,
Finland = OffIC.eSOI"O.ther
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Terminology used for non-MMC case study (n = 82)
Other
Conven...

Traditi...

Terminology used for MMC case study (n = 82)

Modula Off-site
MMC

Prefabrica...

Data spread



1200

—_—
[0} o
o o
o o

Embodied carbon (kgCO,/m?)
(o]
o
o

T =B

O Traditional construction

Results - Absolute Values



Carbon intensity database

Other

Ecoinvent
Gabi

Undisclos
ed

ICE

ational
database

B (Use)
€ {End of life)
Structure

MEP Services

tudy reference General description provided in the study

LCA scope

Other

Undisclos
ed

On-site concrete vs individual panel system

Cast in place vs prefabricated light-steel
Cast in-situ vs precast concrete

% % % ®x % % ® % |Ad(Transport to site)
x x % x = x = x [AS (Construction)

Traditional vs prefab scenario
Traditianal vs prefab scenario
Traditional vs prefab scenario
Concrete vs volumetric modular

Timber traditional (2 stories) vs timber madular
Timber traditional (2 stories) vs steel modular

Pmomomomowow moxommox mowomom xm m %K% % X |Al-A3(Product)
xoxox % % %

Timber traditional (3 stories) vs timber madular

Traditional vs cold-form steel skeleton with cast in situ
Conventional concrete vs prefabricated modular steel
Conventional concrete vs prefabricated modular timber

On-site concrete vs prefabricated prefinished volumetric construction

Timber-concrete bullding vs existing-concrete building
x  |castin-situ structure vs precast concrete structure

x  |Castinsitu apartment a and h vs precast cancrete apartments
Cast in-situ facade group vs precast concrete facade group
Precast concrete facade element vs cast in-situ fagade element

Concrete vs cross-laminated timber and glulam columns.
Cast-in-place concrete building materials case b vs prefabricated component case a
Timber traditicnal (2 stories) vs steel container modular

(
(:

Timber traditional (3 stories) vs steel container modular
(

LCA tool

SimaPro

based

Material quantity source

Undisclo BOQ
sed

Drawings

Drawings
+BOQ

Model

Drawings
+ Model Drawings
+BOQ + Model

he LCA results are

not comparable
across studies
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Embodied carbon difference
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Embodied carbon difference
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Mostly modular comparisons

Rationale for higher embodied carbon in MMC:

Greater variety of structural loads e.g. transport + lifting
Sub optimal design options at building level

Shipping container modules particularly high carbon
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