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Introduction

The whole life carbon in construction and the built environment in Ireland
is unquantified. This study aims to complete this task, make projections
for the built environment to 2030, and in the next phase will model
scenarios, and propose a roadmap, to get to -51% reduction by 2030
and net-zero by 2050.

This report is produced by the Building in a Climate Emergency (BIACE)
Research Lab, UCD School of Architecture, Planning and Environmental
Policy, for the Irish Green Building Council.

The project team from the BIACE Research Lab include:
Richard O’Hegarty, Lead Researcher
Stephen Wall, Project Researcher

Oliver Kinnane, Lead Academic

This is the third draft (v3) of a report on work in progress. The study is not
yet complete and presented results remain only partially validated.

UCD School of Architecture, Planning & Environmental Policy
Scoil na hAiltireachta, na Pleanala agus an Pholasai Chomhshaoil UCD

European | aUCES - - IKEA Foundation
Climate g TR S [ Pr=ye
F<:>[Lu'w<,!::x?.' on rOUlIUatul B

Q |GBC

IRISH GREEN BUILDING COUNCIL
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carbon emissions:

23 MtCO2e

in a standard year

Building Embodied
Operations Carbon
14 MiCO02e 9 MiC02e

This accounts for

31%
of national emissions

Building Emhodied
Operations Carbon
23% 18%

0 RESIDENTIAL
~ 1 SECTOR

Residential operational
carhon accounts for

43%
of built environment
emissions per annum
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Residential operational
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used in construction

LD
== RESIDENTIAL
construction emits
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Key Findings

Overview

Construction and operation of the Irish built
environment accounts for ~23 MtCOze of
annual emissions in a standard year

~14 MtCO2e of emissions were due to building
operation and ~9 MtCO-e related to embodied
carbon in 2018

Works outlined in national planning documents
(NDP, NRP, Housing for All) will increase the
annual embodied emissions considerably

Efficiency improvements in the residential
sector will drive emissions downward but
these will not be enough to meet targets

If all that is proposed in development plans is
built, BE GHG could increase to 3 times the
targeted level by 2030




Abstract

Ireland has set definite, and ambitious, targets for
GHG emission reductions by 2030 and 2050. Al
sectors of society will be targeted but the built
environment is likely to receive particular focus.
However, the emissions due to the operation of the
built environment, and especially its construction,
are currently poorly quantified. This makes it
difficult to identify the highest polluting sectors and
the likely impact of any corrective actions taken.

This draft report documents a mainly top-down
study of the Irish built environment, and quantifies
GHG emissions associated with different sectors.
Based on national targets, pledges and policies,
emission projections to 2030 are made.

The construction and operation of the Irish BE is
responsible for more than 36% of Irish GHG
emissions (~23MtC0O2), split in a 2:1 ratio between
operational and embodied emissions. Emissions
related to the residential sector - the one sector for
which rich data exists - dominate (<50% BE GHG).
The decarbonisation of electricity over the last 15
years has had significant impact on reducing BE
GHG emissions and offsetting the increase in
construction. There is opportunity to benefit further,
by transitioning fossil fuel powered sectors to
electricity, including residential space heating.

Mass retrofit of ~25% of all homes is
planned by 2030, including the
installation of 600,000 heat pumps.
These changes bring operational
emission reduction but a capital
carbon cost input.

New build high efficiency residential
(+400,000 units) and non-
residential, retrofit and technology
upgrades are included in initial
projections to 2030. These are
widely varying depending on the
efficiencies achieved and importantly
the level of construction. Efficiency
improvements will drive operational
carbon downward but targets will
not be achieved through OC
correction alone and embodied
carbon needs to be focused on.
There is a clear conflict between
stated aims of national development
and emissions reduction, however.

Construction of all that is proposed
is projected to result in a built
environment with over 3 times the
carbon emissions of our targeted
level by 2030.

The final part of this report presents
more detailed and certain
projections for a wide range of
solutions and scenarios.

Acronyms

BE. Built Environment

BE GHG. Built Environment GreenHouse Gas emissions
BER. Building Energy Rating

CSO. Central Statistics Office

EC. Embodied Carbon

EE. Embodied Emissions

EPA. Environmental Protection Agency
GHG. GreenHouse Gas emissions
NDP. National Development Plan

NRP. National Retrofit Programme
OC. Operational Carbon

OE. Operational Emissions

SEAI. Sustainable Energy Authority of Ireland
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Study Objectives

This study aims to quantify the emissions
related to the construction sector in Ireland and
the built environment more generally, today and
into the future.

The project has four primary objectives:

1. Baselining - To quantify the current
emissions related to construction and
operation of the built environment for a
typical year.

2. Projections - To project future emissions
related to the built environment, based on
current broad policy and plans.

3. Scenarios - To predict BE emissions for a
wide range of scenarios including policy
implementation, technology rollouts and
innovations.

4. Roadmap - To outline a road map to
achieve targets of -51% by 2030, and net-
zero by 2050 respectively, through a range
of interventions including cement
innovations, policy change, energy
transitions and technology innovations.

The first of these objectives aims at estimating
the current annual impact of the built
environment. The second aims at estimating
the future impact of the built environment, and
it highlights gaps and necessary built
environment related sub-sectors to target over
coming years. The third sets scenarios that
enable assessment of future emission
pathways. Scenarios ranging from 'business as
usual’ to achieving ‘announced pledges’ will be
evaluated initially for 2030 and for 2050 as we
progress toward the goal of net-zero.

The study places considerable focus on
correcting for trade, to ensure both territorial
and non-territorial emissions are accounted for.

Background

The impact of the built environment, its
operation, and to a greater extent its
construction are currently poorly quantified. The
high-level national climate emissions inventories
do not relate data directly to the construction
sector. The inventories instead report emissions
related to sectors such as Agriculture,
Transport, Energy Industries, Manufacturing,
Residential, Public services, etc. Many of these
encompass emissions related to the built
environment, and are aggregated for this
report.

Similarly the inventories are only concerned
with territorial emissions occurring within Ireland
and not the emissions due to production that
occur elsewhere but are imported into Ireland
(consumption based emissions). Ireland imports
a high amount of building materials including
processed metals and bricks as well as energy
for building operation.

This report presents a preliminary evaluation of
the impact of the built environment accounting
for GHG emissions across a range of sectors,
some of which are evaluated in greater detail
than others. Similarly varying levels of data exist
for different sectors.

A climate emergency has been declared by the
Irish government. Ambitious and legally binding
targets have been defined. This presents a new
context for analysis of the GHG emissions
associated with the operation and construction
of the built environment. Speedy and forceful
action is required to reduce its impact. A first
step is to accurately quantify it.



Report Overview

This is the third draft of this working report. It
continues to be published in draft form so as to
openly present the work as it is ongoing, and to
invite public consultation and expert review of
the findings.

The first draft reports presented a preliminary
evaluation of the impact of the built
environment accounting for GHG emissions
across a range of sectors. The results of those
reports have been refined and are presented
here. They will be further evaluated for the final
draft due later in 2022. Additionally roadmaps
to achieve net-zero by 2050, and interim
targets in 2030 will be included in the final
version.

Emission totals are quantified and reported on
for 2009 to 2019. 2018 is given particular
attention and is taken as the benchmark year,
and assumed as a standard year; pre Covid
related disruption to the industry and a decade
after the economic crisis of 2008. It is also the
year used as the baseline for which future
reductions to 2030 and 2050 are compared
against. Quantified totals are presented in
tonnes of carbon dioxide equivalent (MtCO2e
or KtCO2e) throughout.

8

This draft of the report is structured into two
primary parts.

The first part is focused on baselining the
current impact of the built environment. It
includes past years and current quantification
of GHG emissions.

The second looks to the future, initially
projecting GHG to 2030 based on current
emissions superimposed with the most definite
aims, efficiencies and policies in place.
Scenarios are presented, that will be further
developed and interrogated in the subsequent
phases of this research, and included in the
reiteration of this report.

Limitations

The data used in this report is not primary data.
The authors have taken the data from publicly
available databases and key reports published
by the EPA, SEAI, CSO and from key academic
literature, listed in the Bibliography.

Since these databases use a categorisation
system which is not targeted at capturing the
impact of the built environment, some defined
sectors are partly related to the built
environment. These sectors are few and

relatively less important so the uncertainty
associated with this limitation is minimal.

The quality and availability of data varies
considerably, across building sectors. Rich data
is available for the residential sector from SEAI
databases. This allows the residential sector to
be focused on and evaluated in greater detail
than other sectors.

An initial estimate of GHG emissions in 2030 is
made, given current policy aims and projected
trends. In future iterations of this report this
matter will be given significantly more attention
and estimates will be better linked to expected
policy and reality checks on energy and
technology near-term innovations.

Data availability for past years (baselining)
differs considerably to that of future years
(forecasting). This results in a mismatch in
categorisation for future and past projections.
To overcome this multiple methods are
implemented. For example, the embodied
carbon of the built environment for past years is
estimated using both commodity-based and
floor-area based categorisation. While the
commodity-based estimation is more accurate
and robust, the floor-area based categorisation
facilitates a more seamless transition from past
to future.
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= have remained relatively stable in the period The uncertainty in the baseline modelling of the
The BU I It from 2010 through to 2019 with GHG built environment is ~15% of BE GHG and
emissions due to the built environment ~6% of overall GHG emissions. The uncertainty

E nVi ro n m e nt following a similarly stagnated trend. is associated to those categories which are

partly-related to the built environment. For

ad nd the These consumption emission based estimates those categories it is assumed that 509 of the
are based on a combination of data from emissions are BE-related. A three tiered system

N ati on al CO ntext Ireland’s national inventory of carbon (EPA) and is used and sectors are categorised as either
national energy balance database (SEAl), as related, not-related or partly-related to the BE.
well as other data from the Central Statistics

The Irish built environment is estimated to Office (CSO) and other reports from these three Further tiering may enhance precision but

account for > 36% of the overall annual GHG institutions. would also increase the level of subjectivity.

emissions in a standard year. This includes
emissions resulting from the energy required
for the operation (~23% of overall emissions) 70

and the construction of the built environment

(~13% of overall emissions). 60 |

For the benchmark year of 2018 the Irish built § 50 r

environment was estimated to account for < Remaining national emissions

23.2 + 3.4 MtCO2e, or 37% of all national %— 40 + (Agriculture, public transport etc.)

GHG emissions. This includes emissions 5

related to the operation (14.4 MtCO2e) of the 8130 | Built environment

built environment and emissions related to 5 e ncrtamty =

capital construction, or those embodied in % P R, A %

materials and products used in the o

construction of the built environment (8.9 10 %

MtCQO2e). =
0 @

Ireland’s GHG consumption based emissions 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

H (0]
in 2019 were 59.8 MtCO2e, a decrgasg of 5% National GHG emissions and those associated with the operation and construction of the built environment.
from 2018. Overall GHG related emissions Data from [6,8,18,21]
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Balance of Trade
Key Points

Ireland imports large quantities of
building materials with associated high
GHG emissions

Adjustment for consumption based
emissions doesn’t significantly change
the overall Irish BE GHG total

Export of cement in large quantities
balances the import of metals and other
materials

Cement accounts for 40-50% of
emissions related to the materials used
in constructing the built environment

Steel and aluminium account for the
majority of the remaining emissions
from materials
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IMPORTS us$
GCement

Iron & Steel
Aluminium

EXPORTS uss
Imports & Exports Cement
The images on either side Irun &. s..tGEI
show the key import and Alum"““m

export destinations and
sources, for the three primary
categories of building materials
traded.

This trade data is presented in

monetary terms. However, B~
these imports and exports are USA18
also associated with the import

and export of GHG emissions.

USA24

The focus of the subsequent
pages is on the quantification
of any GHG accounting
discrepancies caused by an
imbalance in trade of materials
and energy for the construction
and operation of the built
environment.

The vast majority of metals are
imported. Cement represents
the major building material
exported.

This data is sourced from
Resourcetrade.earth and the
Comtrade database.




Consumption and
Production based
emissions

The national inventory accounts for
production based emissions. CO2
emissions measured on the basis of
‘production’, are the emissions related to
where the emissions are produced. These

are often referred to as ‘territorial’ emissions.

This report aims to report ‘consumption
based emissions’, thereby adjusting
emissions for trade and including emissions
related to imported products for the BE in
our accounting. Imported construction
products for the BE thereby account for
emissions from the other countries in which
the materials were extracted processed and
produced into building products. Exported
products result in a subtraction of
emissions. This adjustment is made
wherever possible and always for the four
years period of 2016 - 2019.

Ireland is a net importer of some materials,
products and energy used in the BE.
Thereby it is a net importer of GHG
emissions. Hence consumption based

14

emissions are greater than production
based emissions.
or partly associated with the built

Data for production based emissions is environment.

primarily sourced from reports developed by
the EPA Ireland. They maintain a GHG
carbon inventory database with yearly
updated totals. Data is documented for 4
primary sectors (Energy, Agriculture, Waste

Production based

emissions
GHG emissions
produced in Ireland

Consumption based

emissions

GHG emissions for energy
and construction products
used in Ireland

Energy related
consumption emissions Imports
Non-energy

related

Imports
Energy related

Built environment related
consumption emissions

Exports

Conceptual diagram of production and consumption related emissions

and Industrial processes) and 46 IPCC-
defined sub-sectors, some of which are fully



Consumption based
emissions

Energy / | Energy-related emissions

reported in this document are based on
SEAI energy balance data sheets which
report final energy consumption. These
relate to consumption based emission data
and do not need correcting.

Materials & | Material related

emissions do require adjustment as the raw
data used is reported on a production basis.

Taking production based emission data
(sourced from the EPA GHG inventory) gives
a reasonable estimate of overall GHG
emissions related to the processing and
manufacture of building materials. However
the breakdown of the materials themselves
presents a different picture, as shown in the
adjacent image.

Cement and aggregates account for 43% of
material related GHG emissions used in the
built environment rather than the >90%
indicated by the production based
accounting. The balance is exported.

Ireland imports metal products, in their final
processed form, in large quantities. Rock,
oxides and ores are quarried in Ireland, and
used in local produced building products.
Some, such as alumina deriving from
bauxite, are exported for processing, and
later re-imported as aluminium.

5 5
Production based emissions Consumption based emissions
What we produce in Ireland What we use in Ireland —Glass
—4 F 4 |t
o — Aluminum
o)
o
2
23 3
S
E T — Steel and iron
@ O SOOI Conversion-
By, B s s s e 2 B
© T __Timber
© T
3 S S OSSP Slag
© S SRS
21 B 1
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: I:Z:I:I:I:I:I:I:I:I:I:f:I:I:Z:I:I:I:I:I:I:I:I:I:f:ﬁ:ﬁ:ﬁ:l:ﬁ:ﬁ:ﬁ:ﬁ:ﬁ_Cementandaggregates
2016 2017 2018 2019 2016 2017 2018 2019

15

Material related GHG emission comparison | Production vs Consumption



Material emissions

The embodied carbon emissions related to the
built environment are divided into material type
using 6 primary materials.

e Steel and iron

Aluminium

Cement and aggregates

Timber

Glass

Slag

In their report, Cambridge Architectural
Research Ltd (2021) identify 10 primary
materials. In this report, a different taxonomy is
required to facilitate the different input sources
and hence 6 materials are defined.

Precast and brick concrete products are not
included as their inclusion would result in
double counting of the materials from which
they are made (e.g. cement). Therefore this
exercise captures the raw materials.

The trade of waste is not included as this is
captured elsewhere in the model.

Aluminium | The production of aluminium
encompasses several environmentally-

16

impacting steps. Alumina is produced in Ireland
from bauxite, which is then exported around
Europe to produce aluminium. This is
subsequently imported in the form of
processed final building products. This
complicates the accounting of aluminium as
there are multiple phases, some requiring
assumptions. A detailed study is outside the
scope of this research. Instead the study
considers only aluminium products. Data is
accessed from the Comtrade database
(Comtrade, 2021). An EU averaged embodied
carbon figure for aluminium of 6.7 kgCO2e/kg
(ICE Database V3.0, 2019) is used to estimate
the emissions associated with aluminium
imported into Ireland.

Steel | Steel is no longer produced in Ireland

and hence CO2e emissions associated with
steel production are reported as zero in
Ireland’s national carbon inventory (EPA, 2021).
However, steel is used to construct the built
environment and hence needs to be accounted
for. Worldsteel (2020) estimate the crude steel
equivalent use for Ireland per year. They
estimate that in 2018, for example, Ireland used
759,000 tonne of steel. Their most recent
embodied carbon estimate for crude steel is
1.89 kgCO2/kg (“worldsteel | sustainability
indicators,” 2020) which equates to 1.4
MtCO2e used in Ireland in 2018.

Cement | Ireland produces cement in large
quantities. In fact, much of the cement (~50%)
produced in Ireland is exported. GHG
emissions reported for cement by the EPA are
those associated with production only and
hence not all related to the Irish built
environment. Taking 2018 as an example year,
3.4 MtCO2e may be attributed to the
production of cements and aggregates in
Ireland. In the same year 2.4 Mt (by mass) of
cement was exported (Chatham House, 2021),
which is equivalent to 1.7 Mt of CO2e - taking
an averaged embodied carbon figure of 0.7
kgCO2e/kg (Cambridge Architectural Research
Ltd, 2021). This means that only ~50% of
emissions related to the cement produced in
Ireland are associated to the cement used in
the Irish built environment.

Others | GHGs deriving from other

materials including timber and glass represent a
much smaller share (2.5% and 1%
respectively). Slag is imported to Ireland where
it is then ground and used as a cement
replacement, the majority of which is used in
the home market. Ireland is reported to use up
to 75 million bricks per year. Bricks contain
some of the raw materials that are being
accounted for elsewhere including cement.



Consumption and
Production of Energy

Ireland imports the majority of its fuel for energy
generation, including the majority of fossil fuels
beyond peat and a portion of natural gas.

90% of Ireland's energy needs were supplied
by imported sources in 2009. An increased
supply of local natural gas from the Corrib gas
field reduced this dependency on imported
natural gas from Britain to ~70% between
2016 and 2019, but this source is again
depleting.

The increasing share of renewable energy
generation has reduced dependence on
imported sources and has improved the
carbon intensity of electricity over the last two
decades. In 2009, 5% of all Irish energy
consumption was from renewable sources
while in 2019 this figure was 11%.

Only some of the energy presented is used for
electricity generation. In 2019 approximately 28
GWh of energy was consumed while 16 GWh
of energy was produced from renewable
sources in Ireland - meaning approximately
58% of Irish electricity could have come from
renewable sources.

17

What we produce form

What we consume
(Including imports)

In 2019, 63% of energy related GHG emissions
from all sectors were from the combustion of
imported oil, the majority of which (~70%) was
for the transport sector. Some of which can be
attributed to the built environment in the form of
embodied energy of materials and buildings.

Ireland also imports and exports a small portion
of electricity through the inter connector with
the UK. This accounts for a very small portion

Energy
200,000
180,000 | m Coal
160,000 | B Peat
140,000 | m Ol
§lzomo L = Natural Gas
2 30000 | = Renewables

indigenous sources

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

200,000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

of the overall energy balance and is not
included in the graphs below.

GHG emissions associated to that energy

w
w o wv o
T T 1

= - N N w w S »
w o w o
T T T

o
T

GHG emissions associated to (MtCO2e)

a5 & w0
S w o o

w
w

w
o

Energy related GHG emissions (MtCO2e)
[ NN
o w o w

wv

0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Overview of energy consumption and production for all sectors in terms of both energy and associated GHG

emissions
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Emissions from the Built
Environment

Built environment emissions are divided in the
first instance into embodied (EE) and
operational (OE) emissions. These are further
subdivided into emissions related to different
materials and construction stages, and to the
operation of varied building types/sectors.

Total BE related emissions trended downward in
the early part of the last decade due largely to a
reduction in construction activity, during and
following the economic downturn. They
rebounded somewhat in the middle of the
decade but have trended downwards again in

70

60 F
& 50 f
(@)
2 Remaining national emissions
g 40 (Agriculture, public transport etc.)
2
Re)
430 |
£
@
2 20
G
10
0 | * .
2009 2010 2011 2012 2013 2014 2015
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more recent years due primarily to
improvements in the carbon intensity of
electricity.

30% of all BE related GHG emissions. In 2018,
38% and 2019 it totalled 40% of BE emissions.

Today, operational carbon from the residential

In the baseline year of 2018 operational related
emissions accounted for 62% of all BE
emissions, and 23% of national emissions. In
the same year capital or embodied related
emissions accounted for 38% of all BE
emissions, and 14% of national emissions. policy.
In contrast, in 2011, OE and EE represented 70

and 30% of BE emissions. The proportional

impact of embodied carbon is becoming

increasingly significant, as building operational

energy and the associated emissions reduce. In

2011 the embodied carbon total accounted for

30
25

20

Operational emissions

Built environment
uncertainty

.

>
\
GHG emissions (MtCO2e)
[y
(9]

%

Built environment

Embodied emissions

<

2016 2017

2018

2019

2009 2010 2011 2012 2013 2014 2015

GHG Emissions for the BE divided into embodied and operational

sector continues to dominate BE emissions, as
is later explored in more detail. It accounts for
43% of the built environment related emissions
and 16% of national emissions in 2018. Hence,
this is a key target area of national climate

2016 2017 2018 2019



increase in electricity usage. However (in
2018), a large proportion of the residential
sector continues to rely on oil (40%), peat

Operational Emissions

Emissions related to the operation of
residential, commercial and public buildings
accounts for the most significant share of BE
emissions as shown adjacent.

30

25

The residential sector accounts for more than
half of all building OE. This is due to the scale
of the sector (>2,000,000 units), magnitude of
the energy requirement of the sector (35
GWh/year), and its reliance on fossil fuels
(75%) particularly for heating.

N
o

Residential

GHG emissions (MtCO2e)
= I
o o

(7%) and coal (8%) for space heating. The
commercial and public sectors are powered
by a greater proportion of electricity.

= ST

Public

=
===

. . . . Embodied
Recent reductions in residential related
emissions can be attributed to a combination o | ; ; ; ; 4 , , ; ; |
of better performing buildings and a slight 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Above. Operational emission breakdown by sector (also showing embodied emissions)
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Embodied Emissions

Emissions embodied in the built environment
include emissions from the processing of raw
materials, manufacturing of products both on
and off site as well as the emissions
associated with the maintenance and end of
life of the materials and products used in the
built environment. Since 2011 the embodied
carbon has steadily increased. Operational
carbon emissions will decrease in line with a
reduction in the carbon intensity of electricity
resulting in a proportional increase in the
embodied carbon related emissions.

Product (A1-A3) | Product stage

production boundaries account for the largest
share of embodied carbon related GHG
emissions. 21% of BE-GHG and 54% of
embodied BE-GHG.

Construction (A4-A5) | The

construction stage emissions derive
predominantly from the transport of materials.
The embodied carbon associated to transport
also has the largest individual uncertainty
associated to it due to the paucity of granular
data related to this sub section.

21

CGHG emissions (MtCO2e)

Use (B1-Bb) | This stage is
predominantly associated with refrigerant

leaks a sector expected to increase in the
future with the roll out of heat pump

technology.

30 -

N
w

N
o

[
w

=
o
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End of life (C) | These are the emissions

associated to the disposal of the materials at
their end of life.

B6 (Operational energy stage)

C (End of life stage)
B1-BS (Use Stage)

A4 - AS (construction stage)

A1-A3 (Product Stage)

2019

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Embodied carbon of the built environment divided into life cycle analysis stages defined in EN 15978
A1-3 A4-5 B1-7 Cc1-4
CONSTRUCTION
PRS:QLLm PROCESS USE STAGE ENDsg:eLI =
stage
A1 A3 A4 A5 B1 B2 B3 B4 B5 C1 c2 C3 C4
= g § 8 || B g g
5 " £ g
B2 F | 3 E | 88y 3 s 508 E|ll 28 B | 23 | 13
EQ Z & c 2= S B o 2 %S 2 LR a
2 § s § 288 2 E(E|| S| 8 §E § 2 2
3 = g E 52 T g 2 5 8 = §_ a
- 2 8= 2 ¢ 2|l &°
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Carbon Intensity of the
Built Environment

The carbon intensity of the built environment
refers to the GHG emitted for a unit of energy
averaged across the mix of fuels used to heat
and power our buildings.

Key factors affecting the carbon intensity of
the BE include the proportional usage, and
carbon intensity, of electricity, as well as the
mix of fossil fuels used in the different sectors
of the built environment. These impact the
GHG emissions of both buildings in operation
and the construction of buildings and
infrastructure.

The decarbonisation of grid supplied
electricity has been significant between 2005
and 2018, with a 40% reduction in carbon
intensity achieved primarily as a result of
significant expansion of the wind power
sector. The carbon intensity has fallen from
635 gCO2/kWh in 2005 to 375 gCO2/kWh in
2018. It has continued on a downward trend
to 324 gCO2/kWh in 2019.

Despite this, the latest data shows that the
COz2 emissions intensity of Ireland's energy
supply is 20% higher than the European
average.
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However, the impact of the improvement
is pronounced on the operational related
emission output.

The impact on emissions related to
construction material is not as
pronounced as many rely on fossil fuel
sources and/or imported construction
products often from countries with higher
fossil fuel reliance. Additionally, process
emissions, such as those from converting
limestone (CaCO3) into lime (CaO) and
cement, are not influenced by any
change to the electricity grid.

Carbon intensity of electricity (gCO2e/kWh)
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Carbon cost of
construction

The embodied carbon of the built environment
is also quantified based on a top down method.
Where carbon intensity per m2 of floor area
data (taken from the RICS “Methodology to
calculate embodied carbon of materials” report)
is multiplied by the m2 of floor area
constructed. This is particularly useful for this
exercise was it allows for a division between
types of construction.

The carbon cost of building commercial offices
(~1000 kgCQO2) is almost 40% higher per meter
squared than that of building housing
(~580kgCQO2). Other academic studies of the
embodied emissions of housing have
calculated the carbon cost of construction
reporting values in a wide range (~300 kgCO2 -
1000 kgCO2)

The carbon cost of retrofit is later presented
through a case study (Page 42). Although not
representative of all retrofit, and likely on the
high side given the ratio of technology to floor
area in that case study, it shows that deep
retrofit of housing comes with significant
embodied carbon emissions that are often
under quantified.
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kgCO,e per m2 of floor area
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Apartment

Buildings for transport

economicactivities

Buildings for mining, energy and water [N

growing, viniculture and fishery purposes

Buildings for industry and manufacturing handicraft |

Buildings for agriculture, forestry, horticulture, fruit-
Public administration and publicbuildings for special

Buildings for religious and funerary —
i o
Creche —

i o

Other non-residential buildings —
Hotels, restaurants and cafes _
Buildings for education, culture, science and research |
Buildings for entertainment and recreation _

Buildings for healthand welfare _

Buildings for trade and administration buildings for other

GHG emissions for varied building types based on a kgCO2 per m2 floor area. (RICS)

purposes

Office development, buildings for financing and insurance
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Focus on the

Current

Residential
Sector

This section evaluates emissions
related to existing residences. It
evaluates and quantifies the
operational and embodied carbon of
the current housing stock.




Residential
Key Points

GHG emissions related to residential
operational energy accounts for 45% of
all built environment related emissions

75% of the housing stock is C rated or
below, with operational energy of > 50
kgCO2e/m2/yr

71% of the average home’s energy
demand is from fossil fuels

The average floor area of an A-rated
building = 132 m2 while the average
floor areas of a G-rated building = 83 m2
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Residential Emissions

The operation of the residential sector alone
accounts for just under half of all BE related
emissions over the last decade. In 2018 the
GHG emissions associated with the operation
of the residential sector was 10 MtCO2e.

The global economic crisis of 2008 had a
considerable impact on Irish construction,
resulting in an overall reduction in dwellings
constructed of 70% from the first to second
decade of the current millennium.

30,000
~385,000 homes built between 2001 and 2010

Converted from m2 floor area

25,000

20,000

Extensions

15,000 f

10,000
Dwellings

5,000

Thousand m2 of floor area granted planning permission

A slow increase in the construction of
dwellings has been observed between 2012
and 2020 with a slow decrease in operational
emissions for that same time period. This
reduction in emissions can be attributed to a
decrease in the carbon intensity of the
electricity grid and an increased proportion of
more energy efficient homes, despite the
greater number of homes.

The operational carbon is reducing, despite
the increase in building stock, but the
embodied carbon portion is on the rise.

Data is taken from a combination of CSO
databases, namely BHAO3 and NDAOQO2.

~113,000 homes built between 2001 and
2010

Converted from m2 floor area

70% reduction in dwellings
constructed from one decade to
the next

GHG emissions (MtCO2e)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Dwellings completed

Data before 2011 is not available for completed dwellings and is therefore estimated based on an average built-to-planned ratio of 0.45
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Residential building stock

In 2011 (the year with the lowest level of
residential construction over the last two
decades) 70% of dwellings constructed were
once-off or stand-alone housing. Only in recent
years has the share of development of housing
schemes (estates) and apartments increased.

The lack of construction over the last decade
has resulted in a housing crisis and a
requirement for more homes.

Distribution of dwellings constructed

100%
80% | /ﬂ\ Single

house
60%
T ¥
T W
0%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

A total of 2,003,645 homes were counted from
the latest census report of 2016. Of these
homes 183,312 were permanently vacant.
Between 2016 and 2020 an additional 83,000
homes have been built, resulting in an
estimated number of occupied dwellings of
1.89 million. Of these homes ~1 million have a
Building Energy Rating (BER) - 52%.
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The model used in this work assumes that the
SEAI's BER database provides a representative
sample of all occupied buildings in Ireland. The
proportional number of buildings with BERs
therefore scaled up by a factor of 1.92 (1/52%).

The housing stock

% housing stock

- 7% 10%
(+]

y

10% 12% g

21%

* Less than 25% of the housing stock is A or
B rated.

* The carbon intensity of a home in Ireland on
average is 56 kgCO2e/m2/a with a standard
deviation of 17 kgCO2e/m?/a.

* 71% of buildings energy demand is from
fossil fuels and 29% from electricity

* The average heated floor area of an Irish
building is 113 m2.

* As the energy rating increases from G
through to A, so does the average floor area.
The average floor area of an A-rated building
= 132 m?2 while the average floor areas of a
G-rated building = 83 m2,
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Other sectors
Key Points
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GHG emissions from non-residential
construction is ~2.7 MtCO2e with ~1.4
MtCOze due to commercial building

Emissions due to operation of the non-
residential sector in 2018 was 30% of
overall operation related emissions

> 8% of the total non-residential
constructed floor area in 2018 was for
education or healthcare buildings

Varied methodologies of embodied carbon
emission quantification are presented and
do not show significant difference
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Other Sector
Emissions

Operational | The share of operational carbon
attributed to non-residential buildings, including
commercial and public buildings, was 29% of all
operational emissions in 2018 and represents
approximately 20% of all built environment
related GHG emissions. In 2018 operational
emissions related to the commercial sector
totalled 2.1 MtCO2 and those related to the
public sector totalled 2.2 MtCO2.

Embodied | Construction is increasing in Ireland
across all building sectors. Hence, the total and
share of embodied emissions is increasing. The
embodied carbon attributed to residential
buildings (2.4 MtCO2) outweighed that of non-
residential buildings (1.5 MtCO2) in 2018. All are
proposed to increase considerably in coming
years.
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Non-Residential
historic growth

carbon emissions associated with the non-
residential sector has almost doubled.

Construction of non-residential is still lower than
in the early 2000s, but is increasing. In 2018
buildings for agriculture, forestry, horticulture,

according to CSO data while only 7% was for a
combined sector of healthcare and education.

Non-residential operation emissions account for
approximately 20% of all built environment rated
GHG emissions.

Non-residential construction is increasing in

Ireland. Since 2012 the annual embodied fruit-growing, viniculture and fishery purposes

accounted for 48% of floor area constructed

o 200 ¢ Note. A strange
m .
3] peak in
é 4,000 F \,/ Peak in 2007 is primarily due to construction is
S 3500 L 2,000 m? of agricultural buildings — seen in 2007,
E"D ' 6 times the average m? for the 5 This is likely an
S 3,000 | years before. aggregation or
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Data is taken from planning permission data and converted to m? constructed by applying a factor of 0.45 (the ratio between dwellings
planned and constructed between 2011 and 2020)
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Infrastructure

The method of quantification of the embodied
emissions related to infrastructural works
presents unique challenges. This is particularly
due to the poorly defined and accounted for
material usage in the wider urban and
infrastructural context.

Two approaches are used in this project. In a
broad-ranging, top-down approach, the
baseline figure for embodied emissions related
to infrastructure can be quantified by multiplying
the emissions associated with buildings by the
ratio between monetary turnover between
buildings and all other construction. This data is
taken from the CSOs BAA12 database. For

the benchmark year of 2018 the cradle-to-

gate embodied emissions associated with the
construction of Irish infrastructure was 1.56
MtCO2e. Comparing the top down approach
to the baseline exercise which used a bottom-
up approach, it can be seen that there is

better agreement after trade has been
accounted for.

The National Development Plan outlines a
scheme of expenditure on large scale
infrastructure in Ireland over the coming 10
years. This encompasses billions of euro of
investment and will necessitate high levels of
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Embodied carbon of buildings and

100%

embodied carbon (EC) through
material extraction, manufacture,
transport, and construction
activities. This project aims to, as
accurately as possible, quantify
this embodied carbon impact and
hence a bottom-up approach is
applied, drawing on embodied
carbon quantities documented for
specific projects and extrapolating
these for other proposed projects.
A bottom-up approach risks
underestimation of total emissions.
Although it is a detailed accounting exercise, it
may result in exclusion of material for ancillary
works, wastage, or unaccounted for activity.
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70% F
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Turnover for construction sector
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Method 1 —embodied carbon calculated

based on all production emissions data ’
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construction (Modules A1-A3)

Non-residential

2010 2011 2012 2013

2014

Buildings

Residential and non-residential

All other construction

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

While this work remains at a nascent stage,
large discrepancies currently exist between the
top-down and bottom-up approaches, and with
embodied emissions associated to
infrastructure.

Method 2 - embodied carbon calculated based
on consumption emissions for major materials

Method 3 -
embodied carbon
calculated by
applying embodied
carbon figures
(kgCO,e/m?) to
each sector

Infrastructure

Residential

2015 2016 2017 2018 2019






Roadmap to net-zero
Projections to 2030

The second phase of this work is focused on projecting future built
environment emissions. This draft document presents the first iteration of
scenarios to 2030. More nuanced and detailed scenarios will be reported
in subsequent iterations, with clear methodological development.

A roadmap to 2050 will be presented. This will investigate the range of
solutions; from material replacement to varied retrofit intervention,
different levels of sectoral construction, different levels of penetration of
decarbonisation technologies, successfulness and performance gap
impacts.

This draft of the report includes projections for electricity decarbonisation,
retrofit new build and retrofit in line with plans outlined in the National
Development Plan and other supporting and similar documents. Case
studies for embodied carbon of retrofit and a bottom-up study of the
carbon cost of the National Development Plan are presented, and these
will form the basis for projections with more gradation in subsequent
drafts.

The included projections to 2030 are made for a range of approximations
and assumptions. Although a low level of confidence is associated with
the absolute value of these projections, the trends are broadly reliable as
they are based on recent and continuous trends and published national
plans and policy for development and retrofit.
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Projections to 2030

Key Points

Different scenarios predict an increase or
decrease in GHG emissions from the built
environment depending on actions taken

Operational emission reductions from the
residential sector will drive BE emissions
downwards, but alone is not enough

Embodied emissions from proposed national
development would overwhelm savings in
operational emissions

Construction outlined in national development
and housing plans could push BE emissions to
3 times the national target by 2030




Electricity
Decarbonisation

Direct and indirect actions toward
decarbonisation enable reduction of built
environment related emissions. The
decarbonisation of electricity, more than
improvements in energy efficiency of
buildings, has helped reduce the operational
emissions of the BE and this can be further
exploited in future decades on the roadmap
toward net-zero carbon emissions.

Rapid decarbonisation of the electricity grid
is planned. CAP 21 calls for an increase in
wind and solar of up to 80% by 2030.
Targets proposed in the NDP include 4GW
onshore wind, 5GW offshore, and 2.5GW
solar. The transition of fossil fuel dominated
loads such as residential space heating from
fossil fuel to electricity power can
considerably reduce BE operation
emissions. In particular in the non-residential
sector where electricity is the dominant
energy source.

This report assumes changes to the % of
renewables of the grid are linearly correlated
with carbon intensity. An electricity grid
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which is 80% powered by renewable
electricity, in line with NDP targets therefore
emits 103 gCO2/kWh generated.

Latest data, available from the SEAI, reports
that in 2020 the average carbon intensity
was 295gC02/kWh. This is approximately
50% higher than the carbon intensity of
Natural Gas. An increase in renewable
energy from 43% (2020) to 80% (2030)

700 -

600 | -
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400

300 +

200

Carbon intensity of electricity (gCO2e/kWh)

100 r

would reverse this comparison. A grid
powered by 80% renewable energy would
be 50% less carbon intense than natural
gas.

Varied levels of renewable uptake are
simulated in this model to investigate the
effect of this critical part of the journey
toward a low carbon built environment.

B Carbon intensity history (Source: SEAI)
—80% Renewables
= + 70% Renewables

- 90% Renewables




Forecast model

The whole life carbon of the built
environment is quantified in the Part 1
baselining exercise. This model uses a
bottom-up approach whereby several
different data sources are processed.

Using this approach, the EC and OC can be
assessed separately but any further
breakdown is constrained by the taxonomy
of the data sources used.

To forecast the EC and OC of the BE in
terms of the 5 key sectors below, a new
model is required:

OC - Residential

OC - Non-residential

EC - Residential

EC - Non-residential

EC - Infrastructure

This model is designed specifically to allow
changes listed in the NDP and long term
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retrofit strategy to be modelled to 2030
and 2050.

Details of this model are currently
being prepared in a to-be-

published scientific article. Some
key features are listed below:

* The model begins by
estimating the residential
emissions using data
from the CSO, SEAI and
other.

* The non-residential sector
is assessed using similar,
but less granular, data
sources.

* Finally the EC
associated with
infrastructure is
assumed to be
related to the EC of
buildings using proxy
relationships.



Operational and Embodied Emissions

2030
Residential




Residential to 2030

Key Points

@
™
&

40

400,000 new homes expected to be
built, 500,000 homes to be retrofit and
600,000 heat pumps to be installed by
the end of 2030.

> 50% of housing stock expected to be
B rated or better by 2030.

Embodied carbon of a deep retrofit
Embodied carbon is expected to
increase by a factor of 5 by 2030 and
account for 40% of residential
emissions.

Embodied carbon of a deep retrofit
estimated to be 165kgC0O2e/m2
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Where we are today?

Currently less than 25% of the Irish housing
stock is rated with a BER of B or better and
less than 20% is heated using electricity.

The challenge to decarbonise the residential
sector is threefold:

1. Our homes need to demand less energy.

2. The energy our homes demand needs
to be powered by a higher percentage
of electricity.

3. The fuels we use to power our homes, in
particular electricity, need to be less
carbon intensive.

An addition of 400,000 new built homes by
2030 is proposed in the National
Development Plan. This will increase
operational and embodied emissions
associated with the residential sector.
However, the Climate Action Plan proposes
all new build to be A-rated.

Additionally a considerable upgrade of the
housing stock is planned. 500,000 homes
are to be retrofit to a B-rating, or better.
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Hence, 50% of Irish housing stock could
be B rated or better should these targets
be met.

The installation of 600,000 heat pumps
and an upgrading of the electricity grid to
80% renewables is also envisaged.

The model investigates how these
proposed changes will impact both our
operations and embodied GHG
emissions.
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budgets of 28 billion to be dedicated to

RQSldentlaI retrofit [IT], or 56,000 per home. Under the
Deep Retrofit

sector growth | SEAI Scheme, @

= ~600 homes S o
new b ul Id & were retrofit in Wﬁ,@f‘iﬁ'
- 2018, 2000 in e oo
retrOflt 2019 and — oot
4000 in 2020. e

20,000 400,000 new homes to be
built between 2020 and

2031

The NDP states that “a detailed
assessment of structural housing demand
identifies demand for almost 400,000 new
homes in Ireland between 2020 and 2031,
or 33,000 new homes per annum.” This
model assumes the 400,000 target for
2031. This enables us to adjust the model
as and when new data becomes available. 80,000 5 %
For example the number of dwellings
constructed in 2021 has been added,
resulting in an increase in the rate of
construction required until 2031.

60,000 | ‘6\(‘&0&6 \
40,000 | .Qe,’?\oé

Considerable retrofit of the residential 555 oz rendih @&b\\

sector is proposed over the coming years ABRR0 F between 2009 and 2019 <,

to 2030 with the aim of improving the 20,000 \

enerqy efficiency of the worst of the

housing stock. The National Retrofit Policy R \\

proposes a total of 500,000 homes to be - ‘ N
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retrofit by 2030. Many of these will be deep
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Residential Stock
Projections to 2030

Building 400,000 new homes and retrofitting
500,000 homes will result in a change in the
breakdown of our building stock.

Specific details on the precise type of retrofit is
up for interpretation.

Depending on the heating system installed and
level of upgrade (A or B) the distribution of the
housing stock will differ. These scenarios can
be investigated within the model.

400 |

Number of homes (thousand)

2021

A B C D
Electricity Natural gas
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Number of homes (thousand)

Number of homes (thousand)
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2030

400,000 new homes
500,000 retrofit to A rated with heat pump

2030

400,000 new homes
250,000 retrofit to A rated with heat pump
250,000 retrofit to B rated with new gas boiler




ReSidentiaI SeCtor OC If we achieve everything set out in the NDP Notes on model: The residential sector in this model

includes GHG emissions from all fuel sources including

pr0jeCti0nS to 2030 we fall short of our target by 30%' :fs;:g’gglln EPA categories, electricity is assessed
Three scenarios are 4,
investigated to understand
what would happen: 12 L
1. If we continue at our =10 |
current pace of §
improvement, where S 3
will we end up? §
Ig 6
2. If we achieve what is o
set out in the NDP, S 4 L
where will we end up”?
2 k
3. And, what is actually
needed to achieve a 0

51% reduction in
residential OC
emissions from 2018
levels?

2023
2024 -
2025
2026
2027
2028
2029 -
2030 -

2019 -
2020 -
2021
2022 -

2011

2012 -
2013
2014
2015
2016
2017
2018

w A 51% reduction Scenario | 80% renewables by 2030; 400,000 new homes; 500,000 retrofit to A-rated; 200,000 to B-rated; focus retrofit of Fs
and Gs; decarbonise gas by 10%

The NDP Scenario | Planto retrofit 500,000 homes to A rated (conservative estimate) and build 400,000 new A-rated homes is achieved and
electricity is 80% powered by renewables

- BUSiNess as usual Scenario | Rate of construction and retrofit equal to that of 2021; 70% renewables by 2030 in line with the rate of

At our current pace of ) )
improvements over the past five years

improvement (business as
usual) we will fall short of ~ ===-- Target | 49% of emissions associated with the operation of the residential sector in 2018

our target by 70%.
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Residential Sector
OC projections to
2030 | Uncertainty
Impacts - Retrofit

Two additional scenarios are
presented here to show the impact
of varying one parameter.

The rate of retrofit is adjusted above
and below the target showing that:

If we retrofit 200,000 fewer homes
than planned, we fall short of the
target by 50%.

If we retrofit 200,000 more homes
than planned, we get closer - only
17% off.
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GHG emissions (MtCO2e)
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2015
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2018
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A 51% reduction Scenario | 80%
renewables by 2030; 400,000 new homes;
500,000 retrofit to A-rated; 200,000 to B-
rated; focus retrofit of Fs and Gs;
decarbonise gas by 10%

NDP Scenario with an und eracheivement on
renewable targets | 60% renewables

The NDP Scenario | Plan to retrofit 500,000
homes to Arated (conservative estimate)
and build 400,000 new A-rated homes is
achieved and electricity is80% powered by
renewables

— — —NDP Scenario with an overachievement on
renewables target | 100% renewables by
2030

— Bsiness as usual Scenario | Rate of
construction and retrofit equal to that of
2021; 70% renewables by 2030 in line with
therate of improvements over the past five

years

----- Target | 49% of emissions associated with
the operation of the residential sector in
2018



Let’s just look at

electricity for a moment!

A wide range of scenarios is possible with

widely varying projected emissions to 2030.

& Increase in number of electrically powered dwellings

Operation carbon scenarios | Change in share of renewables and number of homes that are powered by electricity

No change in share of

+300,000 electric electricity powered

+600,000 electric

powered homes homes

powered homes

No change | 42% renewables to 2030

15

10

15

10

15:

10

0

The matrix of images below shows a range
of scenarios for varying numbers of
dwellings transitioned to electrical heating
and power (y-axis), and for a varying
national carbon intensity of electricity

produced (x-axis).

— Reduction in carbon intensity of electricity grid| % of renewables by 2030

11.7 MtCO2e

| Agpe—

11.7 MtCO2e

N ——

15

10

15

10

15

10

0

60% renewables by 2030

10.7 MtCO2e

10.1 MtCO2e

wze\

2018 residential emissions = 11.7 MtCO2e
51% Reduction target = 5.6 MtCO2e

15

10

15

10

10

80% renewables by 2030

9.5 MtCO2e

| gty

8.3 MtCO2e

7.1 MtCO2e

Only adding renewables falls short because
the residential sector is mainly fossil fuel
powered. A combined effort of switching to
electricity and making that electricity green
IS required.

100% renewables by 2030

15

10

15

10

15

10

- 5F
0

8.4 MtCO2e

6.6 MtCO2e

4.7 MtCO2e

Results speak to
the challenge
ahead, and again
highlight the
importance of not
only focusing on
one strategy (in this
case source and
supply electricity).
Retrofit is also a
crucial step.

Notes on model: This
model considers OC
only. It is based on an
older more simplified
iteration but the findings
remain relevant. The
green hatched area is
electricity proportion.
The blue is fossil based
heating.



One scenario to achieve the 51% reduction

was presented but...

Is there any other way?!

Yes, there are essentially infinite
combinations and options to achieve a 51%

Scenario 1 -
Mixed effort

Scenario 2 -
Focus on source

Scenario 3 -
Focus on demand
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Average % of
renewables used on
national grid

80%
100%

70%

Three ways to get to 4.9 MtCO2e of OC (i.e.

reduction. Some of which are more
challenging than others.

49% of 2018) are presented in the table

below. All of which include the construction

of 400,000 homes.

Retrofit to A
(includes HP)

600,000

400,000

725,000

A

Retrofit to B (no
change to heating
system)

100,000

m

Carbon intensity of
natural gas
(kgCO2e/kwh)

10% reduction
20% reduction

5% reduction

In each case, the Whole Life Carbon (WLC)
increases significantly but the difference in
WLC between the three scenarios is small.

This is because it costs carbon to build new

buildings.

Carbon intensity of
oil (kgCO2e/kwh)

No change

20% reduction

No change

Strategy

Begin with Gs, Fs
and fossil fuel
homes

None

Begin with Gs, Fs
and fossil fuel
homes

Whole life carbon
residential sector
(MtCO2e)

13.0

12.7

13.3



Residential




Two major routes to reducing the EC are
presented here:

Residential EC | New
build

First, we need to try to repurpose buildings

Buildings cost us carbon, but we need more where feasible.

homes, so what can we do to reduce the

“ Embodied Carbon (MtCO2e)

Second, we need to reduce the EC of the
buildings we build.

Notes on model: The OC scenario shown here is for
“Scenario 1 - Mixed effort”. The EC of renovation is
included in the model and assumed to be 33% new
build.

" Operational Carbon (MtCO2e)
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homes homes homes homes homes | 90k of  homes | 180k of homes homes

whicharefrom  whichare from
repurposing vacantrepurposing vacant

buildings; No buildings; No
changeto changeto
embodied carbon embodied carbon
of construction of construction
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300000 new 400000 new 400000 new 400000 new
homes homes homes | 50% homes | 90%
reduction in reduction in
embodied carbon embodied carbon
ofconstruction  of construction



Where else does EC
come from?

While the EC associated to the construction
of new buildings is carbon intensive,
accounting for more than 60% of EC
emissions, other construction activity
associated to the residential sector impacts
the overall consumption.
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2025

2026

Energy upgrades add EC through the
insulation, PVs and HPs added to the
buildings, while the maintenance, repair and
demolition parts of our growing building
stock is the second largest contributor of EC
in the residential sector.

Constructing buildings that last and require
little maintenance is crucial too.
Constructing homes that are not built to last
will see an increase in the carbon emissions

2027
2028
2029
2030

associated with the maintenance and
demolition.

Case study calculation: the EC cost of
replacing 7,500 homes effected by concrete
degradation due to Mica will cost
approximately 1 MtCO2e.

—  Energy upgrade of 600,000 homes

Maintenance and demolition of >2 million homes to maintain

Renovation of vacant buildings to enable new 100,000 homes

—— Construction of 300,000 homes



CASE STUDY: 12 local authority 1-bed houses, Wexford | Deep Retrofit

Embodied Carbon of retrofit elements per dwelling (KuC02e)

300
2501
200[ Heat pump
150
100F
Solar PU
501
.
External \" 0 -
insulation " Root
0 Door upgrade 16 Embodied carbon/ sq.m
KuC02e
DEEP RETROFIT: SEMI-DETRCHED 11250.m HOUSE
Emhodied carbon of retrofit elements per dwelling
(kuC02e) /
Solar PV panels 300
9264
Enhancedattic 5t
| %I;glllllﬂll 200[
150
100F Heat pump
- )
Heat pump — “ JU[ |~ Trinle glaring s0f Satar U
4921 Windows
0 Walls
Roof
External insulation = Embodied carbon/ sa.m
907 Door upgrade KaC0Ze =

Graphic: UCD Building in a climate emergency research group
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Case Study: Deep Retrofit

Carbon Cost of Retrofit




Embodied Emissions

2030 Whole
Life Carbon

This section evaluates and quantifies
current policies to achieve reductions




Residential
Emissions
Projections to 2030

Both scenarios shown on the right
show 51% reduction in
operational carbon emissions and
include the addition of 400,000
new homes.

The top scenario however does
not address embodied carbon.

This shows that the savings in
carbon emissions by improving
our buildings will be offset by the
addition of emissions embodied in
the materials used to build new
ones and upgrade the current
ones.

The bottom scenario shows a
more promising picture where the
carbon footprint of building and
construction is reduced by 50%
and 1/4 of new buildings are
added to the current stock by
repurposing vacant buildings.

54
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Number of homes

Number of homes

- 700

- 600

- 500

- 400

+ 300

- 200

+ 100

700

600

500

kgCO2e/kWh of electricity

kgCO2e/kWh of electricity



Non-residential and infrastructure

2030 All
Other
Sectors

This section evaluates non-residential sectors,
current policies to achieve reductions and
planned development




All Other Sectors to 2030

Key Points

Plans for emission reduction across all other
sectors of the built environment are less well

defined

Considerable construction is outlined in the
National Development Plan

Bottom-up evaluation of the NDP gives insight
into GHG emissions associated with specific

development

National emission targets will not be achieved
through reduction of operational carbon
emissions only
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Non-residential buildings

Data on the non-residential sector is less
extensive than that for the residential sector.
Consequently a different approach to model
this sector is adopted.

The number of commercial and public
buildings in Ireland are taken from an SEAI
survey conducted in 2015.

Additional buildings, up until 2022 are added
to the total using data from the CSO.

Average floor areas are taken from the
CSO'’s BER data assessment.

Total energy consumption from each sector
is accounted using the SEAI energy balance
sheets.

This data compilation exercise reveals
greater inefficiencies in the public sector
buildings compared to the private sector.
This may be partly due to the difference in
building function but nonetheless, highlights
a need to reduce the energy consumption in
public buildings.
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Number

Average floor size

Sector energy consumption

Average energy consumption
(kWh/m?2/a)

Average GHG emissions
(kgCO2e/m?/a)

Commercial buildings

109,000
Source: SEAI survey 2015

643 m?
Source: SEAI survey and CSO BER data 2009-2022

9,805 TWh
Source: SEAI energy balance sheets

140
- BER = B3

Public buildings

AN,

Hi| A

15,000
Source: SEAI survey 2015

1159 m?
Source: SEAI survey and CSO BER data 2009-2022

7,486 TWh
Source: SEAI energy balance sheets

431

BER=F
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Commercial and Public
Building Projections to
2030 | OC

The non-residential sector differs from the
residential sector primarily in that electricity
supplies 67% of its energy demand. For the
residential sector this figure is 25%.

Public_Electricity (MtCO2e)
Public_NaturalGas (MtCO2e)
Public_Oil (MtCO2e)
Commercial_Electridty (MiCO2e)

Commercial_NaturalGas (MtCO2e)

Commercial_Oil (MtCO2e) l Qs
G\ -',‘-.--
Measured / AN m -
D S TR
...... OC - Target T

No change to % of renewables used - Remains at 43%

Comercial and public buildings (OC - GHG MtCOZ2e)
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As such, a reduction in the carbon intensity
alone has a considerable impact on the
operational carbon associated to the non-
residential sector.

In fact, if the electricity grid was powered by
93% renewable sources, the climate action
plan target of 51% would be met, without
needing to address the sector’s efficiency.
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However, this finding does not mean that the
buildings should not be improved. A
reduction in the energy demand for buildings
in this sector would reduce the carbon
intensity further. As noted on the previous
page, the poorly performing buildings need
particular attention.
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93% renewables would take the commercial and public
sector below the target —without doing anything else.
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Commercial and Public
Building Projections to
2030 - WLC

Improving the energy efficiency of the non-
residential sector by 20% and improving the
proportion of renewable electricity supplying
the grid to 80% would achieve a 51%
reduction in GHG emissions in the
nonresidential sector.
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2023

2024

Unlike the residential sector, the number of
new buildings planned is less explicit.

Assuming a rate of construction in line with
2020 would result in approximately 5,000
new public buildings and 15,000 new
commercial buildings by 2030.

By 2030 the EC would account for 40% of
all emissions associated to the non-
residential sector if unaddressed.

2016
2017

Applying the RIAI targets a reduction in the
EC of approximately 50% would be
achieved which would take the WLC of the
non-residential sector close to 50% of 2018
levels.

EC reduced in line with RIAl targets

wmoammvmor\wmg
5330880208888 883
AN N AN AN NN AN AN NN NN N



EC of selected
NDP Categories
[KtCO2e)

Case Study: National Development Plan

Bottom up of NDP

The infrastructure projects of the NDP represent a major
construction programme involving billions of euro of
investment each year over the lifetime of the plan. The
NDP embodied carbon calculation, shown adjacent, is
based on a mostly bottom-up approach of assigning
carbon factors to projects named and referenced in the
NDP. This includes projects in both the public sector (e.g.
transport) and private sector (e.g. wind energy). The
resulting EC figures are best estimates based on projects
published in sufficient detail for an EC estimate to be
formed. Some projects, such as those which will fall
under the Urban Regeneration and Development Fund,
are yet to be selected/ designed/ proposed to this level of
detail, and so cannot be estimated for EC. For this
reason, and in light of the tendency for bottom-up
calculations to result in underestimation of totals, the final
EC figures can be considered low estimates of the EC
resulting from projects in the NDP.




Infrastructure to 2030

Quantifying the infrastructure poses
particular challenges given the scarcity of
data related to the quantity of materials used
between sectors. The bottom-up analysis of
the NDP highlighted a very likely
underestimation of the EC of the
infrastructure sector as the scope is not
complete and does not include maintenance
and repair.

Hence another approach is required. A
second approach used to quantify the EC is
applied here using other reported metrics,

25 r

20 F

15 F

10 F

GHG Emissions (MtCO2e)

such as turnover, wages and labour costs,
as proxy relationships between buildings
and infrastructure.

Four construction categories reported in
the CSO database BAA12 are used and
three proxy units are considered
(Turnover, wages and salaries and labour
costs). Considering these three metrics,
a relationship of approximately 25%
infrastructure and 75% buildings is
observed. This relationship is assumed.

Projecting the model back to 2018 and
comparing to the baseline exercise a gap
is observed, due to:

------------- __— Infrastructure EC

~—— Non-residential EC

-—— Residential EC

~—— Non-residential OC

—— Residential OC

Baseline Model
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Forecast Model

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

* Unaccounted for EC in standard LCA
approach for buildings.

* Missing infrastructure EC.

Turnover

21% Infrastructure

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Wages and salaries
25% Infrastructure

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Labour costs
25% Infrastructure

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

m Buildings Infrastructure



Ireland’s Built Environment

2030 BE
Projections

This section presents initial projections for the
entire Irish Built Environment. These are
based on preliminary models with aggregated
and approximate parameters. Detailed
models will be included in Phase 2 of this
work and later iterations of this report.




Projections to
2030 | Optimistic
Scenario

The forecast model is first scaled to match the
estimates from the baseline exercise which is
based on recorded data and is 15% higher.

The WLC model presented here presents a positive
scenario where the OC emissions are met and
where EC does not increase significantly while still
achieving the NDP targets.

To achieve this scenario it is assumed that:

* The emission from the operation of all buildings is
reduced by 51% using the scenarios described
in earlier pages.

* The EC of constructing buildings is assumed to
be 50% less intensive then today (as per RIAI
targets). The EC of infrastructure is assumed to
remain with the building sector taking the lead.

* 400,000 new homes are built and the non-
residential sector

* Non res assumed to be 6.4% as per report
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* Infrastructure assumed to grow in line with both * EC won’t be 49% less than 2018
sectors at same ratio in the past. Assuming as
we build more homes we will also need same
levels of infrastructure....if not more!
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Other projections to 2030

Reduction in the carbon intensity of construction | The scenario shown
adjacent assumes a broad 51% reduction in EC carbon intensity by
20830, with no change in OC. Future scenarios will look at real methods
to reduce embodied carbon through innovations in concrete, increased
usage of timber and other bio based materials, and lean construction
methods amongst others to estimate the real impact of material and
construction method innovation.

Forcing the model to meet our targets | Achieving the Climate Action
Plan target of 51% less than 2018 levels will require greater reductions
in emissions per unit of construction and operation to allow for the
proposed construction.

One hypothetical scenario where we might meet our targets, while
simultaneously building more, would require a reduction in the EC intensity
by 69% on average from current levels. In this case a further 69%
reduction in the operational carbon (in addition to the changes already
modelled in pages 44 and 54) would also be required.

* Same OC scenario assumed i.e. mixed
Scenario 1.

¢ Effect of not acting on EC shown and what
would actually need to be done if EC was set
the same 49% target.

* 80% reduction per m2 and make use of
vacant buildings
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Operational Emissions

2050
Residential
Operational

This section evaluates and quantifies
current policies to achieve reductions




Projections to
2050 Residential
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the next decade construction powered by and green hydrogen
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renewables
reduce back to
2018 levels
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Operational Emissions

2050 Ireland
Built
Environment

This section evaluates and quantifies
current policies to achieve reductions




* EC is very unlikely to be achievable. Even 2030 to 2050

PrOjeCtionS fOr if EC reduces by 50% per m2 and

B E t 20 50 100,000 new homes comes from vacant It is expected that carbon emissions
O buildings EC is still higher than 49% of associated to the operation of the built
2018 level. environment reach zero in advance of the

Today to 2030 embodied carbon.

* While EC is not a specific target set out in
the Climate Action plan...the emissions
are being released and will need to be
addressed at some level.

* OC is achievable but particularly
challenging for residential sector.

30 T

2030 Forecast | Detailed : 2050 Forecast | Hypothetical

GHG Emissions (MtCO,e)

N D >0 0D DO O DD D0 0D DD DDA D o 5 0D D D
o ki 802 o oD O N Dl D) ) Y oV A i a0 a0 g R AR 0D axeab i o o) 00 D\ o o
AT TSNS TIPS TTTTTTT ST S

1 OC - Residential ' OC - Non-residential mEC - Residential m EC - Non-residential ' EC - Infrastructure

69



Bibliography

Aecom (2020) Routes to a resilient tomorrow: Building a future-ready Ireland

Cambridge Architectural Research Ltd. (2021) Supporting the development of quality data:
Availability, quality and use of construction product LCA data in Ireland, Italy and Croatia

Chatham House (2021) resourcetrade.earth

CSO (2016) Census of population 2016, https://www.cso.ie/en/census/census2016reports/

CSO (2018) BAA12 Database https://www.cso.ie/en/databases/csolaunchespxstat/

CSO (2021) Central Statistics Office, www.cso.ie

Comtrade (2021) UN Comtrade Database, https://comtrade.un.org/

Duggan, A.R., McCabe, B.A., Goggins, J., Clifford, E., (2015) An embodied carbon and
embodied energy appraisal of a section of Irish motorway constructed in peatlands. Constr.
Build. Mater. 79, 402-419. https://doi.org/10.1016/j.conbuildmat.2014.12.015

EPA (2021) Ireland’s National Inventory Report 2021

Espinoza, M., Campos, N., Yang, R., Ozer, H., Aguiar-Moya, J.P.,, Baldi, A., Loria-Salazar, L.G.,
Al-Qadi, I.L., (2019) Carbon Footprint Estimation in Road Construction: La Abundancia—
Florencia Case Study. Sustain. Basel Switz. 11, 2276. https://doi.org/10.3390/su11082276

ICE (2019) Inventory of Carbon and Energy Database, https://circularecology.com/
embodied-carbon-footprint-database.html

Irish Government (2019) Build: Construction Sector Performance and Prospects 2019
Irish Government (2021) National Development Plan 2021-2030
Irish Government (2021) Climate Action Plan 2021

Irish Times (2021) https://www.irishtimes.com/news/environment/retrofitting-bill-could-
come-to-average-of-56-000-per-home-1.4720943

70

Ma, F., Sha, A, Lin, R., Huang, Y., Wang, C., (2016) Greenhouse Gas Emissions from Asphalt
Pavement Construction: A Case Study in China. Int. J. Environ. Res. Public. Health 13, 351.
https://doi.org/10.3390/ijerph13030351

O’Hegarty, Kinnane, Colclough, Lennon (2020) Operational and embodied analysis of 8
single-occupant dwellings retrofit to nZEB standard (Conference paper)

Olugbenga, 0., Kalyviotis, N., Saxe, S., (2019) Embodied emissions in rail infrastructure: a
critical literature review. Environ. Res. Lett. 14, 123002. https://doi.org/10.1088/1748-9326/
ab442f

RICS (2017) Whole life carbon assessment for the built environment

SEAI (2021) National BER Register, https://ndber.seai.ie/pass/ber/search.aspx

SEAI (2021) National Energy Balance Database, https://www.seai.ie/data-and-insights/seai-
statistics/key-publications/national-energy-balance/

Simonen, K., Rodriguez, B.X., De Wolf, C., 2017. Benchmarking the Embodied Carbon of
Buildings. Technol. Des. 1, 208-218. https://doi.org/10.1080/24751448.2017.1354623

Smoucha, E.A,, Fitzpatrick, K., Buckingham, S., Knox, 0.G.G., (2016) Life Cycle Analysis of the
Embodied Carbon Emissions from 14 Wind Turbines with Rated Powers between 50 Kw and
3.4 Mw. J. Fundam. Renew. Energy Appl. 6.

Worldsteel (2020) Worldsteel Sustainability Indicators, https://www.worldsteel.org/steel-by-
topic/sustainability/sustainability-indicators.html



https://www.cso.ie/en/census/census2016reports/
https://www.cso.ie/en/databases/csolaunchespxstat/
http://www.cso.ie
https://comtrade.un.org/
https://doi.org/10.1016/j.conbuildmat.2014.12.015
https://doi.org/10.3390/su11082276
https://circularecology.com/embodied-carbon-footprint-database.html
https://circularecology.com/embodied-carbon-footprint-database.html
https://www.irishtimes.com/news/environment/retrofitting-bill-could-come-to-average-of-56-000-per-home-1.4720943
https://www.irishtimes.com/news/environment/retrofitting-bill-could-come-to-average-of-56-000-per-home-1.4720943
https://www.irishtimes.com/news/environment/retrofitting-bill-could-come-to-average-of-56-000-per-home-1.4720943
https://doi.org/10.3390/ijerph13030351
https://doi.org/10.1088/1748-9326/ab442f
https://doi.org/10.1088/1748-9326/ab442f
https://ndber.seai.ie/pass/ber/search.aspx
https://www.seai.ie/data-and-insights/seai-statistics/key-publications/national-energy-balance/
https://www.seai.ie/data-and-insights/seai-statistics/key-publications/national-energy-balance/
https://www.seai.ie/data-and-insights/seai-statistics/key-publications/national-energy-balance/
https://doi.org/10.1080/24751448.2017.1354623
https://www.worldsteel.org/steel-by-topic/sustainability/sustainability-indicators.html
https://www.worldsteel.org/steel-by-topic/sustainability/sustainability-indicators.html

	Table of Contents
	Introduction
	Key Findings
	Abstract
	Study Objectives
	Report Overview
	The Built Environment
	and the
	National Context
	Balance of Trade
	Residential
	Other sectors
	Other Sector Emissions
	Non-Residential historic growth
	Infrastructure
	Roadmap to net-zero
	Projections to 2030
	Residential to 2030
	Residential sector growth | new build & retrofit
	All Other Sectors to 2030
	Projections to 2030 | Optimistic Scenario
	Projections to 2050 Residential
	Projections for BE to 2050
	Bibliography

