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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 second draft (v2) 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



BUILT

ENVIRONMENT

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

“+/" PROJECTIONS
102030

Residential operational
carbon expected to
decrease hy

32%

400,000

new homes planned

OO
OO “ “
OO

GEMENT
accounts for
40-30%
of materials-related emissions
used in construction

LD
== RESIDENTIAL
construction emits

2.1MtG02e

per annum,

1.4 MiC02e

tdue to commercial huilding

Built Environment emis-
sions likely to increase hy

~4 MtG02e

it embodied carbon levels
remain consistent

Housing and infrastructure
plans could resultin

the built environment
emissions target



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 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
upgrade 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 emission 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 draft of this report due in
mid-April will present 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, and,

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 two of these objectives were
completed in phase 1 of this project, the third
will be carried out in phase 2. The fourth is time
and budget dependent.

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 for 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.

Backgrounad

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 second 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 report presented a preliminary
evaluation of the impact of the built
environment accounting for GHG emissions
across a range of sectors. The results of that
report have been refined and are presented
here. They will be further evaluated for the final
draft due in April 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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The Built
Environment

and the
National Context

The Irish built environment is estimated to
account for > 36% of the overall annual GHG
emissions in a standard year. This includes
emissions resulting from the energy required
for the operation (~23% of overall emissions)
and the construction of the built environment
(~13% of overall emissions).

For the benchmark year of 2018 the Irish built
environment was estimated to account for
23.2 = 3.4 MtCO2e, or 37% of all national
GHG emissions. This includes emissions
related to the operation (14.4 MtCQOZ2e) of the
built environment and emissions related to
capital construction, or those embodied in
materials and products used in the
construction of the built environment (8.9
MtCQO2e).

Ireland’s GHG consumption based emissions
in 2019 were 59.8 MtCO2¢, a decrease of 5%
from 2018. Overall GHG related emissions

10

have remained relatively stable in the period
from 2010 through to 2019 with GHG
emissions due to the built environment
following a similarly stagnated trend.

These consumption emission based estimates
are based on a combination of data from
Ireland’s national inventory of carbon (EPA) and
national energy balance database (SEAI), as
well as other data from the Central Statistics
Office (CSO) and other reports from these three
aforementioned institutions.
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The uncertainty in the baseline modelling of the
built environment is ~15% of BE GHG and
~6% of overall GHG emissions. The uncertainty
is associated to those categories which are
partly-related to the built environment. For
those categories it is assumed that 50% of the
emissions are BE-related. A three tiered system
is used and sectors are categorised as either
related, not-related or partly-related to the BE.

Further tiering may enhance precision but
would also increase the level of subjectivity.

Remaining national emissions
(Agriculture, public transport etc.)

Built environment
uncertainty

Built environment

2014 2015 2016 2017 2018 2019

National GHG emissions and those associated with the operation and construction of the built environment.
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
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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. Which we
subsequently import, 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
present 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 to 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 | GHG 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 [CAR]. 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
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Energy related GHG emissions (MtCO2e)
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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.
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Residential

GHG emissions (MtCO2e)
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(7%) and coal (8%) for space heating (in
2018). The commercial and public sectors are
powered by a greater proportion of electricity.
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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.
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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
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scenario scenario scenario scenario scenan‘o‘ scenario scenario‘ scenario . scenario scenario scenario
B6 Operational energy use
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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.

22

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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Buildings for transport
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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 —
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Other non-residential buildings —
Hotels, restaurants and cafes _
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Buildings for trade and administration buildings for other

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

27

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 rated
GHG emissions. In 2018 operational emissions
related to the commercial sector totalled (2.1
MtCQO?2) 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
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m .
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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

32

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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Turnover for construction sector
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construction (Modules A1-A3)

Non-residential

2010 2011 2012 2013
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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.

Model notes - This report assumes a 50%
reduction in the carbon intensity of Irish
electricity from 2020 to 2030. This would
result in electricity with a carbon intensity
of 148 gCO2/kWh. Continuing on that
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trajectory would bring the carbon intensity to
net zero by 2040.

Next steps - Later versions of the model will
account for varied levels of renewable
penetration and further strategies to
decarbonisation of the electricity grid.

Transitioning fossil fuel dominated sectors to
decarbonised electricity supply will be
essential to meeting national targets.
However, this transition will carry an
embodied emission cost due to construction
of new energy supply and this will be further
evaluated.
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A closer look at planned development

2030
Residential
Sector

This section evaluates and quantifies
current policies to achieve reductions




Residential to 2030

Key Points

® 0 0 ¢
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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.

Embodied carbon of a deep retrofit
estimated to be 165 kgC0O2e/m2 of floor
area.

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

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




Residential
sector growth |
New build

Considerable growth in the residential
sector is proposed over the coming years
to 2030. The National Development Plan
identifies a need for 400,000 new homes
for construction between 2020 and 2031.

60,000

50,000

40,000

30,000

20,000

10,000

Number of new homes constructed per year
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The Government's Housing for All policy
document envisages at least 33,000 new
units per year over the next decade. These
proposals follow assessment of structural
housing demand to underpin National
Policy Framework population targets. The
goal is broken-down to provide each city
and county with a Housing Supply Target
to guide planning for future development.
The growth is modelled here as a linear
growth rate to 2031 from latest CSO data
(CSO - 2021).

Embodied carbon cost - Proposed growth
in residential construction will embody
considerable GHG emissions.

400,000 new homes, given an average
floor area size of 112 m2 in Ireland [CSO]
and assuming the per m2 carbon cost of
580 kgCO2/m2 previously reported from
the RICS study (Page 23) would result in a
embodied carbon related GHG emission
addition of 26 MtCO2 to Ireland’s national
total over the coming 9 years, or 2.9
MtCO2 each year.
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Residential
sector growth |
Retrofit

Considerable retrofit of the residential sector is
proposed over the coming years to 2030 with
the aim of improving the energy efficiency of
the worst of the housing stock. The National
Retrofit Policy proposes a total of 500,000
homes to be retrofit by 2030. Many of these
will be deep retrofit. The national press has
reported budgets of 28 billion to be dedicated
to retrofit [IT], or 56,000 per home.

Under the Deep Retrofit SEAI Scheme, ~600
homes were retrofit in 2018, 2000 in 2019
and 4000 in 2020.

The embodied carbon of retrofit is not well
defined, with few studies documenting the
carbon cost of doing so. The current authors
undertook a case study of a deep retrofit
scheme of 1-bed social housing units and
report a figure of 275 kgCO2/m2 (see case
study on next page). This value is relatively
high given the small floor area of the case
study house (40m2) and large amount of
technology included (PV and heat pump). A
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re-calculation of this value for an average
sized home results in an EC of 165 kgCO2/
m2 (the value used in this model). Later model
iterations will evaluate the EC of retrofit by
component (insulation, heat pump, PV etc).

500,000 retrofit homes, again presuming an
average floor area size of 112m2 in Ireland
[CSO] would result in an embodied carbon
related GHG emission addition of 9.2 MtCO2
to Ireland’s national total over the coming 9
years, or TMtCO2 per year. The embodied
carbon cost of 600,000 heat pumps alone, as
proposed in the Climate Action Plan 2021

[CAP21], and taking an embodied carbon
total of 4.9 MtCQO2 (accounting for potential
refrigerant leaks), would result in a GHG
emission total addition of 3 MtCO2. In the
case of heat pumps, the majority of embodied
emissions are due to leaks ( up to 90% of the
full life cycle - Johnson et al. (2011)).
Consequently, significant changes to the
embodied footprint could be made by using
(despite its seemingly counterproductive
name) CO2 based heat pumps which are
made using refrigerants in the order of 2,000
times less impactful to global warming.
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CASE STUDY: 12 local authority 1-bed houses, Wexford | Deep Retrofit

Embodied Carhon of retrofit elements per dwelling (KgC02e)

. 300F
Solar PV panels immln?i“ ae
nsulation i
2888 -
2001 Heat pump
150
Heat pum 100-
492311 bump Solar PV
P i Windows
I Triple glazing Walls
External 315 0 Roof
insulation
213 Door upgrade 1 Emiglliell carbon/ sg.m
KgC02e

What is the carbon cost of residential retrofit? How much is the embodied
carbon of retrofit relative to the lifetime carbon of the building.

A case study analysis undertaken as part of the nZEB101 project involved the
quantification of the embodied carbon (EC) of deep retrofit of a scheme of 1-bed,
40m2, social housing units in Wexford (O’Hegarty et al. 2020). These should not
be understood as representative of all retrofit - due to the small floor area (40m?2)
the EC of the heat pump and solar pv, are proportionally higher than would
typically be expected.

When these results are extrapolated to the average size house of 112m2 (CSO),
including additional envelope insulation, upsizing of PV array and the same heat
pump (which is oversized for a 40m2 house), an average EC of retrofit of
165kgC0O2/m2 results.
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Case Study: Deep Retrofit

Carbon Cost of Retrofit

500,000 retrofits are proposed between
now and 2030. A budget of €26 Billion is
being discussed, equating to €56,000 per
household. Although retrofit will reduce
operational carbon emissions, it will also
add considerable embodied carbon. The
carbon cost of a home deep retrofit is
calculated at ~0.25 of that of new build.




Residential Stock
Projections to 2030

Currently less than 25% of the Irish housing
stock is rated with a BER of B or better. An
addition of 500,000 new built homes by 2030 is
proposed in the National Development Plan.
This will increase operational emissions
associated with the residential sector. However,
the Climate Action Plan propose all new build
to be A-rated - with a designed performance of
< 25kWh/m2/yr.

2,500,000
Additionally a considerable
upgrade of the housing stock
is planned. 400,000 homes
are to be retrofit to a B-rating,
or better. Hence, 50% of Irish
housing stock could be B
rated or better should these
targets be met.

2,000,000

1,500,000

1,000,000

Number of dwellings

An overall reduction in
operational emissions
associated with the residential
sector is expected. This is
despite a >25% increase in

500,000

increased efficiency as defined by the low
carbon intensity of the high BER bands.

Model Notes - Projections for the residential
sector outlined in the coming pages assume
that the total number of housing units proposed
will be built. Similarly it accepts that large scale
retrofit of the housing stock proposed in the
National Retrofit Plan will be completed.

It is of course possible, and perhaps likely that
this level of construction will not be fully

completed for a number of reasons, including
industry capacity shortfall, supply chain issues,
skills gaps etc.

As outlined in the preceding page a
performance gap has been reported by these
authors between actual performance and
design performance of houses retrofit and built
to high BER ratings.

These matters will be taken into account in
future model scenarios.

the total number of dwelling 0
units. The resulting increase
in operational emissions is
offset by savings due to
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2017

2018 2019 2020 2021 2022 2023

2024

2025 2026 2027 2028 2029

BER distribution of the residential sector towards 2030 in line with National Development and Climate action plans.
Current housing stock distribution taken from the SEAI BER database and scaled according to CSO figures on total number of dwellings.
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Residential Sector OC
projections to 2030

An increase in the housing stock without a
change to the proportional breakdown of
BERs in the housing stock would result in an
approximate 20% increase in emissions
from the operation of the residential sector
from 2021. Improving the building stock in
line with national climate

policy (Page 43) would 14 -~
instead result in a 21%
decrease in GHG 12
emissions.

10

If the reduced carbon 8

intensity of the electricity

grid (described on page 6

22) is accounted for a A
2
0

MtCO2e

32% decrease in GHG
emissions results.
Assuming that all new

Model Note - the method used here to estimate
future emissions is based on data from BERs. A
comparison of real emissions for 2016 through
to 2019 with predicated emissions from the
BER-based model indicate an underestimation
of the the total GHG emissions by a factor of
1.2. This differentiator is used as a calibration
factor for merging past data with future data.

A reason for this overestimation might be due
to people living in colder homes rather than

spending on the energy required to meet
assumed comfortable temperatures.

Next Steps - Future iterations of the model will
assess alternative scenarios, including varied
rates of construction and retrofit. Scenarios
which are both more optimistic and those
which are less optimistic of efficiency
improvements will be evaluated.

and retrofit dwellings will

be powered by only 2021
electricity, a 38%
decrease in GHG
emissions from 2021
figures results.

2022 2023 2024 2025 2026

Scenario 3: + Electricity reduction of 50%

2027 2028 2029 2030

===Scenario 1: Business as usual. Increase in number of buildings without change in BER Ratings

===Scenario 2: All new buildings are A-rated and all retrofit are A or B (50-50 split)

——Scenario 4: + All new retrofit and new build are powered by 100% electricity
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Residential EC
Projections to 2030

While improvement of our housing stock
efficiency, in line with climate and planning
policies, could reduce operational carbon by up
to 38% — which still falls short of climate action
plan targets of a 51% reduction from 2018 —
the embodied carbon is set to increase due to
the construction of a large number of new units
(400,000).

to 2030 will drive emissions related to
residential construction down. However, the
high level of residential construction, outlined in
the Housing for All and National Development
Plan will significantly increase embodied
emissions, offsetting many of the gains of
improved operational emissions if completed.

Model Notes - This prediction is for a scenario
where the embodied carbon per m2 of floor
area for both retrofit and new build does not

change between now and 2030. In reality these
figures may increase due to the additional
material required to build more energy efficient
homes or equally may reduce overall due to a
reduction in EC of materials, or greater
awareness of EC at a design level resulting in
more sustainable construction materials being
specified. Such scenarios are explored in later
iterations of this model.

The majority of the embodied emissions 16 Em bOd IEd 3 rbon
are within the cradle to gate life cycle
boundaries and are not from electricity 14 (Crad le to gate)
related emissions. Hence they are not i
impacted from a lowering of the grids e .
carbon intensity as operational related 12 Retrofit
emissions are. 10
(0]
For these reasons embodied carbon 8 3
emissions in 2030 are predicted to -
increase by a factor of 5 from 2018 =
levels, and the share of EC in overall s !
residential emissions would increase @) perationa | carbon
from 8% in 2018 to 40% by 2030. 4
Concluding remarks - Improved 2
efficiency of new housing and retrofit of
existing housing will reduce operational 0

carbon levels. This continued reduction 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

45 Embodied and operation carbon forecast to 2030 for the residential sector



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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Emission Reduction &
National Development

Plans and strategies for emission reduction
across all other sectors of the built environment
are less well defined as they are for the
residential sector. This is even the case even
though both operational and embodied
emissions in commercial and public building
sectors are increasing.

Hence, concurrent to emission reduction to
2030, considerable private and state funded
development is planned.

In the next phase this project will identify all key
policies and plans for projection of 2030
emissions. Two key documents are the Climate
Action Plan and the National Development
Plan. Both include some, but non-definitive,
plans for the non-residential sectors.

Climate Action Plan

The Climate Action Plan proposes a range of
measures to reduce national GHG emissions.
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The development of performance standards to
promote low-carbon construction are
proposed, although not detailed.

With regard to operational emissions, CAP21
proposes to improve the energy efficiency of
the public sector by 50% by 2030.

An increase up to 80% in renewable electricity
by 2030 will have a considerable reductive
impact on the carbon intensity of electricity with
knock on effects for GHG emission outputs
related to all sectors. A 62-81% emission
reduction from electricity is proposed in the
CAP21. The additional rollout of 2.7 TWh of
district heating will increase efficiencies in urban
environments.

National Development Plan

Considerable development is planned across
the built environment to 2030. Much of this is
outlined in the National Development Plan. As
already presented the addition of 400,000 new
housing units is proposed by 2030.
Considerable infrastructural development is
also proposed.

The newest draft of the National Development
Plan (NDP) 2021-2030 was launched on 4th

October 2021. The scale of construction
outlined will necessitate high levels of
embodied carbon (EC) through material
extraction, manufacture, transport, and
construction activities. The NDP is not intended
as a definitive list of all investment projects
under the lifetime of the plan. However, it
includes references to projects for which
significant planning has already taken place.

The revised NDP of 2021 places an emphasis
on climate action. Each of the measures in the
plan was subject to an assessment of its
climate and environmental impact across a
range of measures from Climate Mitigation to
Air Quality. The merits of each project are
graded A-C. The plan also contains references
to government targets for renewable energy
and energy retrofitting.

The NDP’s focus on investment covers a broad
range of areas from broadband to biodiversity.
The infrastructure elements of the plan include
road-based and public transport, water
services and flood relief works, energy
generation, port developments, and public
buildings including schools and hospitals.



EC of selected
NDP Categories
[KtCO2e)

What is the carbon cost of all
this planned development?
What GHG emissions will
result from the proposed
construction projects?

The largest individual sector is
the roads programme.
Approx. 850km of new roads
are included in the plan, with a
calculated embodied carbon
total of 4.24MtCO2e. Annual
road maintenance over the 9
year period of the plan adds
1.6MtCO2e. In contrast public
transport projects well
detailed in the plan, including
port works, amount to a total
of 1.7MtCO2e.

New renewable energy
infrastructure proposed will
account for approx. 4
MtCO2e. This figure includes
onshore and offshore wind,
solar energy, and energy
storage projects.

Further detail is included in the
subsequent pages.

Case Study: National Development Plan

Carbon Cost 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.




Further Detail on NDP
Projects and Calculations

Roads (4.2 MtCO2e) | The NDP lists all roads
currently in development, including projects in
design development stage. The EC figure
calculated for roads includes the M20 Cork to
Limerick motorway. The final design of this link
is to be confirmed, with an upgrade of the N20
and/ or rail alternatives under consideration.
Similarly, the Galway City Ring Road is included
in the NDP, and so is included in the
calculation. The project has recently been
approved by An Bord Pleanala.

Public transport + Ports (1.6 MtCO2e) |
Projects assessed for the calculation include
the Dublin metro (including tunnel, raised, and
at-grade sections, with 15 stations) and Cork
Light Rail (with a proposed length of 17km).
Refurbishment works on railway terminals have
not been detailed sufficiently for inclusion in the
calculation. Sea port projects include upgrades
at Ringaskiddy, Dublin Port, and Shannon-
Foynes.

Water & flood relief (0.3MtCO2e) | The NDP
commits to the delivery and development of
water and wastewater services over the lifetime
of the plan. From 2021-2025, €6bn is
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budgeted for water services investment,
focusing on water supply, water conservation,
and future-proofing. The largest project is the
expansion of the Ringsend Wastewater
Treatment Plant, which will add capacity for an
additional 400,000 people. Flood relief
schemes are planned for several towns and
cities, with works typically including flood walls
and embankments, drainage works, bridge
strengthening and replacement, new bridges,
dredging of water channels, debris traps, and
public realm improvements.

Public buildings (health and ed.)
(1.95MtCO2e) | The NDP notes 1200 school
building projects are planned under the
government’s two school building programmes-
the Additional Accommodation Programme and
the Large Scale Projects Programme. It is
envisaged that between 150-200 school
building projects will be completed annually
each year to 2025. This school building
programme is focused on the post-primary
sector, where pupil numbers are forecast to
peak in 2024-2025. The health capital budget
includes the completion of the National
Children’s Hospital, acute bed capacity projects
nationwide, the primary care centre
construction programme, and the replacement
and refurbishment of community nursing units.
The heterogenous mix of projects meant the
health projects embodied carbon total was

calculated in a top-down method resulting in an
overall EC figure for health projects of
1.65MtCO2e.

Energy (3.9 MtCO2e¢) | The NDP calls for an
increase of 5GW of offshore wind by 2030, with
an additional 4GW of onshore wind, and
2.5GW of solar. These figures contribute to the
government’s aim for 80% renewable electricity
generation by 2030. Applying estimates for
tCO2e per wind turbine, the embodied carbon
for offshore development is 1.25MtCO2e, with
0.96MtCO2e for onshore wind. Solar is
estimated at 1.53MtCO2e. Energy storage is
mentioned in the NDP without specific targets.
Energy Storage Ireland reported in 2021 that
2.3GW of projects are in development. An EC
figure of 0.21MtCO2e was calculated for this
volume of storage.



Ireland’s Built Environment

2030 Initial
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

—ocus on Operational Carbbon

A wide range of scenarios are possible that can
lead to widely varying projected emissions into
the future. In one, optimistic, scenario (shown
below) emissions related to the built
environment are projected to decrease to ~15
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GHG emissions attributed to the built environment (MtCO2e)
=
wn

MtCO2e in 2030 - ~5MtCO2e above the 2030
target of a 51% reduction in BE GHG
emissions.

This scenario captures the future projected
efficiencies of buildings in operation as well as
future projected decarbonisation of electricity. It
encompasses new nZEB efficient housing and
the retrofit of the current stock to high standard
(as outlined in pg.44). However, it ignores
embodied related emissions due to future
development, and instead assumes a

0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
" Residential = Non-residential ™ Residential = Non-residential ' Infrastructure
\ A J
\ |
Operational Embodied
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consistent annual embodied emission level
equal to the 2018 level to 2030.

This scenario shows that operational emission
reductions can drive overall BE emission
downwards to 2030, when considered in the
absence of embodied emissions related to
construction. Howevery, it is also evident from
this scenario that the scale of OC reduction is
not great enough to reach targeted values,
when low levels of embodied emissions are also
included.

Ultimately national reduction
targets for the built
environment will not be
achieved through operational
emission reductions alone.
Focus also needs to be put
on embodied emissions.

= 15.2 MtCO2e

Estimated GHG emissions from
the built environment

11.4 MtCO2e

Climate Action Plan target of
51% reduction from 2018



Projections to
2030

INclusion of Embodied Carbbon

The inclusion of embodied carbon emissions due to
proposed housing, expected non-residential,
associated and planned infrastructure, alters results
remarkably. Emissions from this construction and
materials used could move overall BE emissions to
3 times national targets by 2030.

A 60% increase in overall GHG emissions is
estimated for 2030 if the EC intensity
(CO2e per m2 of floor area) remains

the same and assuming an 40

infrastructural and non-residential 35

growth rate similar to the residential

sector. 30 +

25 +

Operational Emissions a

Methodology S 20 |
=

Residential OC 2030 (6.2 MtCO2e) 15

| The residential sector’s forecast OC |
was reported on page 45. This is
calibrated to match historic
measured data using a scaling factor
between BER model and historic 0
data as reported in page 45.
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Non-residential OC 2030 (2.9 MtCO2¢) | The non
residential sector is forecast by assuming an overall
reduction from past data in line with that of the
residential sector. Later model iterations will
account for retrofit impacts and conversion to
electrically powered buildings.

Embodied Emissions | Methodology

Embodied carbon is forecast using a top-down
approach utilising the constructed floor area as the
driving metric and a corrected carbon intensity per
m2. Infrastructure carbon intensity is estimated
using past ratios between economic activity of
infrastructure vs buildings.

= Residential  m Non-residential m Residential
( A
|

Operational

= Non-residential

-
Embodied

Residential EC 2030 (8.7 MtCO2¢) | The EC of the
residential sector is estimated by multiplying the
proposed floor area increases (Page 40-41) by
corrected carbon intensities per m2 for both retrofit
and new build. The values are corrected to account
for all other boundaries and calibrated to fit with
baseline data.

Non-residential EC 2030 (5.0 MtCO2e) | The EC of
the non-residential sector is estimated to increase
proportionally in line with the residential sector.

Infrastructure EC 2030 (12.2 MtCQO2e) | The EC of
the infrastructural sector is estimated to increase
proportionally in line with the buildings sector.

—  35.1 MtCO2e
Estimated GHG
emissions from the built
environment assuming
an infrastructural and
non-residential growth in
line with that of the
residential sector.

11.4 MtCO2e
Climate Action Plan
target of

51% reduction from
2018

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Infrastructure



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 2030,
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.
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20 Estimated GHG emissions from
the built environment assuming
a 50% reduction in embodied
15 carbon intensity of all
construction by 2030.
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5 51% reduction from
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What do we have to do ...
by 20307

The preceeding section, and the presented initial
scenarios, highlight the challenge of reducing
emissions related to the built environment. A 51%
reduction across all sectors represents one of the
most ambitious targets to decarbonisation of any
country in the world. The built environment is often
discussed as a sector that should be targeted and
where considerable savings can be made. Although
there is potential for significant efficiency
enhancement this study highlights the scale of the
challenge and the distance to go.

The short time horizon to 2030 means rapid action
is required and it needs to be the correct action. As
outlined retrofit can result in significant operational
emission reduction, if carried out correctly, but
comes with an embodied emission cost. Clean
energy reduces the carbon impact of operation, but
renewables require metals, but mining negatively
impacts the environment and supply chains are
disrupted when mining is stopped.

So what might we do?

In phase 2 of this study the project group will
develop a range of scenarios. These will be guided
by a steering group. In preparation for that the
research group is evaluating possible scenarios.
Below a brainstorming is outlined.
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In the most extreme case we could stop construction
completely. We'd still have our current stock to deal
with, but at least we wouldn’t be adding more
inefficient buildings.

New housing is required, as the population grows (5
million today predicted to increase to 6 in 2050
[CSO]). There is significant vacancy (12.5% [CSO,
2016] of homes) that could be retrofit and occupied.
Although only a fraction of the embodied emission
cost of new build, retrofit does come with an
embodied energy cost. However, this cost would/
should be offset by reduced operational emissions in
the medium to long term.

The short-term is commonly thought to be the
important term. Perhaps it’s the wrong time for an
embodied carbon input? This study will investigate
these questions. It will consider the the impact of
retrofit; the addition of a proposed 600,000 heat
pumps, the considerable quantity of insulation
(possible 20-25 m3 in 10 years), for example. It will
consider in greater detail the embodied carbon cost
of housing and development plans.

If we continue to build houses, maybe we could build
less of other buildings. Maybe we could build less
offices because hybrid and working from home are
increasingly becoming the norm. Maybe we could
build less public buildings, and make use of the
building stock we have.

This would require cessation of the practice of
demolishing buildings. Instead adaptation and reuse
would become the norm. Those buildings from the
1970s and 80s, claimed as not fit for purpose or

functionally obsolete, could/should be mandated for
retention.

Maybe we could build it all with timber or bio based
alternatives? Any new development might have a
carbon budget or cap associated with it. Materials of
high embodied energy might be heavily taxed.
Producers might be targeted. Carbon offsetting
might be mandated for public, and private,
development.

Demand could be targeted. Energy usage in
buildings could be heavily taxed. Perhaps a per
person/property cap on energy usage might be
mandated. This might be defined based on building
function, and means tested for residences. Buildings
reliant on fossil fuel heating could be more severely
targeted.

Beyond the end use of buildings, clean power might
become the norm, but is the proposed renewable
penetration achievable, or the best solution? Nuclear
might be introduced. These transitions would bring
operational carbon savings but they will not be easy,
and any energy transition will bring significant
embodied emission due to construction

New policy is required. Innovation in building
materials is required. Technology innovation is
required for home heating and heating control.
Incentives to enable the transition are required.
Enhanced public awareness and behavioural change
are required.

All of these factors, and more, will be integrated in
the subsequent phase of this work.
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