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1.0 Introduction

The “Effort Sharing Regulation” (ESR) [1], sets out binding annual greenhouse gas emission targets
for EU Member States for each year for the period 2021-2030. These targets cover sectors of the
economy that fall outside the scope of the EU Emissions Trading System (EU ETS) [2]. These sectors,
including transport, buildings, agriculture and waste management, account for almost 60% of total
EU emissions and 74% for Ireland. The ESR, and the Irish Government in the National Energy and Cli-
mate Plan 2021-2030 [3], enshrines a greenhouse gas emissions reduction target for Ireland of 30%
by 2030 relative to 2005 levels and whilst there are no individual targets for each sector it is clear that
the building industry must play its part.

The built environment is a major contributor to greenhouse gas emissions with the energy associat-
ed with building use accounting for 24% of energy-related CO, emissions in Ireland in 2018; [4]. The
emissions associated with the manufacturing, transportation, construction and end of life phases,
commonly referred to as embodied carbon, contribute around 11% of all global carbon emissions.

As the levels of insulation and associated construction thickness have increased to comply with the
necessary improvements in the building regulations (Part L, [5]) the embodied energy and associ-
ated embodied carbon, in absolute terms and as a proportion of the overall lifecycle energy of a
building is rising. Furthermore, as the operational energy performance of new buildings is improv-
ing to the point where there is diminishing returns by improving element u-values and airtightness
it is logical that focus would progress to how the embodied energy of a building, estimated to reach
50% of building lifecycle carbon emissions by 2050, can be reduced.

A better understanding of the embodied carbon associated with building materials and construc-
tion types will allow building designers and developers to build lower carbon homes. This study
aims to compare the embodied energy of the two most typically used construction types, namely
tradition masonry construction and timber frame, by using a life cycle assessment tool. By selecting
two near Zero Energy Building (NZEB) compliant houses in the same housing estate and not includ-
ing building finishes in the analysis we aim to compare the construction types. The results will also
be used to look at ways of improving the selection of construction methods and the specification of
building materials to help reduce the industry’s carbon footprint. The purpose of this study was to
inform future inhouse decisions on the specifications of building materials and construction types.
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2.0 Background

One Click LCA [6] is a life cycle assessment (LCA) calculating software created by Bionnova LTD. The
software carries out a life cycle assessments using tools that are built for certain standards, for exam-
ple; BREEAM and LEED. For this report, the buildings’ LCAs are calculated using the LCA tool accord-
ing to EN 15978 - Sustainability Of Construction Works - Assessment Of Environmental Performance Of
Buildings - Calculation Method. This standard describes the calculation method, based on life cycle
assessment and other quantified environmental information, to assess the environmental perfor-
mance of a building.

The software has a large database of Environmental Product Declarations (EPD), a document which
transparently communicates the environmental performance or impact of any product or material
over its lifetime, for products and building materials from a wide range of countries. All EPDs used
in this report were published in accordance with standards EN15804 - Sustainability Of Construction
Works - Environmental Product Declarations - Core Rules For The Product Category Of Construction Prod-
ucts and or ISO 14040 - Environmental management — Life cycle assessment — Principles and frame-
work, see Appendix B.

An LCA calculates the total impact a product, service or system has on the environment through-
out its whole lifespan. This includes the raw materials, extraction of materials, energy consumption,
manufacturing, transportation, use of the product, recycling, disposal and end of life.
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Figure 1. Life Cycle Assessment Stages (I.S. EN 15978:2011)
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Figure 1 shows the life cycle stages used when calculating the LCA of a building in accordance with
EN 15978.The Product stage A1-A3 includes the supply, transport and manufacture of the resource,
known as ‘Cradle to Gate, this represents the impacts from sourcing the material to being ready to
export from the factory after manufacture.

Stages A4-A5 are the transport to the building site and the effects the construction process has for
the specific material.

The Use or Operational stage B1-B7 refers to the environmental impacts throughout the lifespan of
the product, including; the use of the specific product, repair and replacement, energy usage and
water consumption.

The End of Life Stage C1-C4 calculates the effects the product has after it cannot be used any longer
for example; demolition, transport, waste processing and disposal.

Stage D is the benefits that the product can supply to the environment such as recycling so the same
product does not need to be manufactured again, however, this stage is not included in the total
LCA of the product and is only used as supplementary information that may or may not be subtract-
ed from the total depending on the reusability of the product.

The environmental impact categories calculated by an LCA are;

Global Warming Potential (GWP) kg CO,e
Acidification Potential kg SO2e
Eutrophication Potential kg PO4e
Ozone depletion potential kg CFC11e
Formation of ozone of lower atmosphere kg Ethene
Total use of primary energy ex. raw materials MJ

The main focus of this report will be on the GWP of the building as this is the most widely used cat-
egory for comparing environmental impacts of systems.

Each EPD has a calculated LCA for the specific product or resource, after all the materials and prod-
ucts used in a building are inputted into the One Click LCA software, the LCAs of each item are
summed together to get a total LCA of all the materials used in the building from ‘Cradle to Grave’
(Stages A to Q). This is not the final total of the building’s LCA but only the impacts of the inputted
materials.

The building itself has its own LCA, stages A1-A5 represent all the sourcing, manufacturing, transport
and construction process of the materials, B1-B5 take all maintenance and replacements through-
out the lifespan of the building into account, B6 and B7 calculate the operational energy and water
consumption effects over the lifespan and C1-C4 predict the deconstruction impacts of the building
at the end of its life.

The software combines all the inputted data and outputs the subtotals and total environmental im-
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pacts of the building for each environmental category, it also gives helpful breakdowns of impacts
such as the effects of each LCA stage and each type of material used.

In 2019 the Technical Guidance Document L- Conservation of Fuel and Energy — Dwellings [5] was up-
dated so that all new dwelling houses will have a 25% energy performance improvement from the
2011 building regulations, making the new dwellings Nearly Zero Energy Buildings (NZEB). All new
dwellings occupied after the 31st December 2020 must comply with this NZEB standard and are
limited to a maximum energy performance coefficient of 0.3, a maximum carbon performance of
0.35 and a renewable energy ratio of 20%. Both buildings in this report are NZEB compliant which
significantly reduces their operational CO,e emissions compared to similar sized dwellings prior to
the new regulations.

3.0 Details of Buildings

Timber Frame

Construction

Figure 2. Map of Dromcairn

Both buildings are situated in Dromcairn Housing estate, Skehanagh, Tralee, Co. Kerry which is in
the outskirts of Tralee town. As shown in Figure 2 house number 19 is the traditional masonry con-
struction building and number 22 is the house built using timber frame construction. Because the
two buildings were built in the same place, ground conditions, common material transportation
distances, service connections and labour transportation can be considered the same for both con-
structions.
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Figure 3. Timber Frame Construction Site Layout Figure 4. Masonry Construction Site Layout

As shown in Figure 3 and Figure 4 both site layouts are similar apart from the masonry construction
site has a smaller area (469m?) in comparison to the timber frame construction site (664m?). External
site works and finishes were not accounted for when calculating the embodied carbon of both proj-
ects, so the greater area of the timber frame site does not affect the results.
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Figure 6. Masonry Construction Plans

The timber frame construction house is a two and a half storey building with 4 bedrooms and 4
bathrooms, Figure 5 shows the ground, first and attic floors of the building with respective floor ar-
eas of 92.6m?, 71.9m? and 51m?, 215.5m? (GIFA, Gross Internal Floor Area) in total.

The masonry construction house is also a two and a half storey building with 4 bedrooms and 3
bathrooms, Figure 6 shows the ground, first and attic floors of the building with respective floor ar-
eas of 96.9m?, 57.8m? and 45.8m?, 200.5m? (GIFA) in total.

Both ground floors have a similar floor area and room layout, the main difference between the up-
per floors is that the timber frame house has two bathrooms on the first and has larger floor areas in
comparison to the masonry house.

=
-

-
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Figure 7. Masonry Construction Elevations
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Figure 8. Timber Frame Construction Elevations

The elevations of both buildings can be viewed in Figure 7 and Figure 8. There is very little difference
between the two sets of elevations apart from the masonry building having more window area
(36m?) than the timber frame building (22m?) plus the timber frame building also has no chimney.
Both have a similar amount of decorative stonework on their front elevations.

3.5 Construction Details

w
3
E

200mm Cavity External
Block Wall

)

i N NN

K
K

)
Y
R %

End Bearing Slab
Scale 1:10

Figure 9. Masonry Construction Details

The substructure of the building is made up of a 1050x300mm strip foundation of C30/37 concrete
reinforced with A393 mesh with three courses of blockwork in the sub-walls. 125mm of poured
C25/30 concrete with A142 reinforcing mesh makes up the ground floor slab, there is 200mm EPS
70, a radon membrane, 50mm sand blinding and at least 200mm of Annex E Hardcore beneath the
concrete slab. There is a 600x300mm strip foundation beneath the internal block walls.

The external block walls have sand and cement render externally and internally, the 200mm cavity
between the T00mm standard concrete blocks is filled with pumped platinum cavity bead insula-
tion (thermal conductivity: 0.035 W/mK).

The pitched timber cut roof is made up of Fibre cement slates, slating and counter battens, roofing
felt, 50mm of PIR sarking insulation and 200mm of mineral wool insulation between 174x44mm

rafters.

150mm precast concrete slabs and 75mm of C20/25 concrete screed reinforced with A142 mesh
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make up the two intermediate floors.

A total of 2 tons of structural steel beams were used. There is 36m? of triple glazed PVC windows and
4.5m” of skylight windows.
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Figure 10. Timber Frame Construction Details

A passive raft slab foundation is used in this construction, the ground floor is made up of 150mm
of C35 concrete reinforced with A193 mesh, 300mm of EPS 100, a radon barrier, 50mm of sand
blinding and at least 200mm of Annex E hardcore. Beneath the external concrete block leaf, there is
a 300x200mm reinforced concrete footing and a reinforcing steel cage is put in the thickened con-
crete floor slab beneath the timber frame load-bearing perimeter. EPS 300, an EPS insulation with a
higher load-bearing capacity, is used beneath the perimeter walls replacing the EPS 100.

The external wall consists of sand and cement rendered 100mm standard block, 50mm cavity,
breather membrane, 80mm PIR insulation, 9mm OSB board, 150mm mineral wool insulation be-
tween 150x44mm timber studs at 400mm c/c, airtightness membrane, 50x50mm battens and
12.5mm plasterboard.

The pitched timber cut roof make-up is the same as the masonry construction roof.

The intermediate floors are made up with 18mm OSB board on space joists with a depth of 254mm,
50x50mm battens and 12.5mm plasterboard are hung from the joists.

There is 510kg of steel beams in the building, 22m? of triple glazed PVC windows and 3m?” of skylight
windows.

Table 1 displays some design parameters for both buildings including the U-values of the floors,
walls, roofs and window, the timber frame construction has better U-values as its floors and walls
have more resistance to heat transfer with the extra insulation.

11
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MASONRY TIMBER FRAME
CONSTRUCTION CONSTRUCTION
Number of Floors 3 3
Gross Internal Floor Area (m?) 200.5 2155
Exterrllal Wall Area, Without 260 265
Openings (m?)
Openings (m?) 40 31
External Wall Width (mm) 438 470
Thermal Mass Medium-High Low

U-Value (W/mZ2K)

Floor 0.16 0.11
Wall 0.18 0.12
Roof 0.14 0.14
Windows 0.70 0.70

Table 1. Construction Details Comparison

4.0 Material Calculation

The material quantities for both projects were calculated by going through all the invoices issued
and summing up the quantity of each material ordered to the site during the construction period.
Theory estimates were also collected by calculating the quantity of material needed based on the
building drawings. The quantities calculated from the invoices were then cross-checked with these
estimates to confirm that there was no quantity of material or invoice accidentally neglected. Figure
11 and Figure 12 show the quantities of the main embodied carbon contributing materials for both
constructions.

Masonry Construction

Sub Structure Vertical Structures Horizontal Structures

+—33m3 Concrete [63mS Concreta Block {—314m3 Metac Insulation

19m3 EPST0 +——17.25m3 PC Slab

+—1000kg Cement Eee—a—a—a-a—a-—a—— —10m3 Timber
+—1m3 Concrete Block oo +—8m3 PIR Sarking

6.75m3 Concrete Screed
+——52m3 Cavity Insulation 1.6 ton Steel

{—T650kg Cement
3m3 Plasterboard

Figure 11. Masonry Construction Main Materials
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Timber Frame Construction

Sub Structure Vertical Structures Horizontal Structures

[ ERSLE +—32m3 Metac Insulation +——23m3 Metac Insulation

r——18m3 Concrete
r——11m3 EPS300 t——23m3 Concrete Block

1 —8m3 PIR Sarking
—+——9m3 Timber

+——21m3 PIR Cavity Insulation
8m3 Timber

{—2750kg Cement
3.3m3 P

Figure 12. Timber Frame Construction Main Materials

Not every material in each building was included in the calculations for comparability reasons be-
tween the two buildings, for example; no materials after the builder’s finish (Floor finishes, tiling
etc.), no services (plumbing, electrical, ventilation, etc.) because these would vary on the clients’
specifications. Below is a list of all types of materials that were included:

. Blocks

. Cement

. Concrete (All ready-mix concrete used has 30% recycled binders in cement)
. Hardcore

. Insulation

. Plasterboards

. Radon, DPC, Airtight, Breather, Roofing Membranes
. Sand

. Slates

. Steel

. Timber

. Windows, Skylights and Doors

As shown in Appendix A, most materials’ volume or mass was calculated and inputted into the One-
Click LCA software. For both constructions, materials were inputted in their respective subdivisions
of the building; Foundations and Substructure, Vertical Structures and Fagade, Horizontal Structures
and Other Structures, this gives the option to observe which aspects of each building contributed the
most embodied energy to the project.

In section 5.0 Results the calculated results of both projects can be viewed, the software is capable
of calculating the total impacts, a breakdown of the impacts caused by the various construction
sections and the total impacts of each type of material. For this report, the global warming impacts
in kg CO»e are focused on but the software also calculates acidification, eutrophication, ozone de-
pletion potential and formation of ozone of lower atmosphere impacts of all the materials used.

All the selected materials were inputted in the software’s Building Materials section, the software has
a large database of material EPDs (Environmental Product Declaration) provided by manufacturers
all over the world. When selecting a material, the exact material EPD was used when inputting the

13
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quantity, in the event where the specific material did not have its own EPD, the closest substitute for
that material was used.

These substitutes were selected based on their location, similarity to the material actually used and
their global warming potential impacts were cross-checked with other similar materials so that this
substitute material resembled the correct material as accurately as possible. Local EPDs were dif-
ficult to find for some materials such as standard concrete blocks and structural timber which are
widely produced in Ireland and used in Irish construction but UK versions were used in their absence
on the OneClick software. This shows that few companies have published EPDs for some of their
most commonly used products.

Where manufacture to site distances were known, the transport distance was manually inputted,
however, most distances were not known for each material so the software’s default regional es-
timates were used for the majority of materials. In the interest of comparison, this did not affect
results as both sites were at the same location and the software’s estimates can be considered a
constant for each material selected, it may affect the overall individual embodied energy of each
building but as discussed later in the next section, transportation has a relatively low percentage of
the overall impacts.

The service life of each inputted material was automatically calculated by the software using the
materials EPD. The software calculates the foundation materials lifespan as permanent and all other
materials have the same lifespan as the inputted calculation period for each building unless a ma-
terial has a shorter service life, in which case the material must be replaced, possibly doubling or
tripling the quantity needed depending on its service life.

Energy Consumption calculates the total environmental impact the building will create over the cal-
culation period based on the buildings annual use of electricity and fuels. Both buildings’main heat-
ing supply will be from electricity so all energy consumption will be supplied by the national grid. An
NZEB (Nearly Zero Energy Building) Compliance Report using the Dwelling Energy Assessment Pro-
cedure (DEAP) software was carried out on the masonry construction house using a‘medium-high’
thermal mass, from this an accurate estimate of the building’s annual energy usage (33.45 kWh/
mz/yr) and annual CO, emissions (6.58 kg/mz/yr) can be found. Using the CO, emissions value, the
total carbon produced by the building over the calculation period can be calculated and inputted
in the software. The NZEB Report calculation for the masonry construction was redone using a‘low’
thermal mass and the produced carbon per m? was 6.8 kg/m?/yr, this value was used to calculate the
timber frame building’s annual energy consumption emissions.

The timber frame house has better elemental u-values and therefore likely lower heating energy
use, for the purposes of this study it was decided to compare the effect of a high thermal mass ver-
sus a low thermal mass.
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The annual Water Consumption values inputted for each building were based on the national aver-
age for a dwelling house with four occupants, which is 133 m*/yr [7].

Construction Site Operations were calculated using the software’s formula; Average site impacts -
temperate climate (North) (per GFA). This uses the inputted Gross Floor Area (GFA) of the building to
calculate the estimated carbon emissions produced during the construction period, construction
waste, electricity use and diesel are all included in this calculation.

The Building Area is inputted using the gross internal floor area of the building, this value is used
when calculating the CO, emissions equivalent per square meter for each project.

The Calculation Period inputted for both buildings was 60 years which is based on the typical design
life of a building.

5.0 Results

The following results are calculated only from the inputted materials on the One Click LCA software,
see Appendix A. This does not resemble a full LCA for each building, as discussed previously; finishes,
services, etc. were not included in the calculations for comparison purposes. However, the inputted
materials were used to construct both buildings to the same stage, excluding services.

15
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Figure 13. Construction Details Comparison

The masonry building will produce 13.02 kg CO,e/m?/year (Figure 13) which works out at 2613 kg
CO-e/year. For a cradle to grave life-cycle (A1-A4, B4-B5, C1-C4) the building produces 353 kg CO,e/
m? which grants a OneClick LCA Embodied Carbon Benchmark C rating (based on CH Q1 2020 Unit-
ed Kingdom). Stages A1-A3 - Materials make up 86% of the overall Cradle to Grave Life-cycle, 8% is
generated by C1-C4 - End of Life while just 5% and 1% by stages B4-B5 — Replacement and A4 -
Transportation respectively. Vertical Structures contribute the largest amount of carbon with 39% of
the total from all materials, followed by Horizontal Structures and Substructure with 33% and 22%
respectively.

Global warming, kg CO2e - Life-cycle stages Global warming, kg CO2e - Classifications Global warming, kg CO2e - Resource types
This is a drilldown chart. Click on the chart to view details

© A1-A3 Materials - 38.9%
@ A4 Transportation - 0.5% @ External walls and facade - 30.0%

@ A5 Construction - 5.0% @ Floor slabs, ceilings, roofing decks, beams and roof - 2... @ Concrete - 44.6%
@ B1-B5 Maintenance and replacement - 2.4% @ Foundation, sub-surface, basement and retaining walls ... @ Gypsum, plaster & cement - 13.5%
B6 Energy - 48.2% Construction site scenarios - 9.7% [ ] Insulation - 13.1% .
@ B7 Water - 1.5% @ Wwindows and doors - 8.4% Conslrucngn site - 10.0%
® c1-C4 End of life - 3.4% @ Total water consumption - 3.0% @ Doors & windows - 8.6%
@ Internal walls and non-bearing structures - 2.5% @ WMetals - 4-?'%
@ Columns and load-bearing vertical structures - 0.8% ® wood - 3.3%

@ Plastics, membranes & roofing - 1.3%
Masses - 0.6%

\

V-

<

Figure 14. Masonry Construction Global Warming - Life-Cycle Stages, Classifications, Resource Types

It is clear from Figure 14 that stage B6-Energy is the largest contributor of carbon and this is to be
expected as the energy used by the building reoccurs each year of the calculation period which is
1258 kg CO-,e annually. However, the carbon contribution of stages A1-A3 materials is a significant
38.9%. The main contributing resource type is concrete with 44.6% of the total carbon produced by
all resources excluding electricity.
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Visualisation of the annual impacts
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Figure 15. Masonry Construction Annual Impacts

Figure 15 shows the annual impacts produced by the building over the 60 years, there is a constant en-
ergy use each year from start to finish, after 40 years the windows and some other materials need to be
changed at their service life’'s end creating a small spike in carbon emissions. It is assumed that after 60
years the building’s materials will be demolished, disposed of and recycled if possible.

It should be noted that the amount of carbon emissions created per kWh of electricity produced by
the grid could decrease significantly over the next 60 years as the country has targets to produce
more renewable energy thus effectively reducing the total CO,e generated from the building’s op-
erational energy usage.

e
& 141 Tons COze © Bl 10.9 kg CO.e / m2/ year © (9837 047 € social cost of carbon
Embodied carbon benchmark 9 Embodied carbon by life-cycle stage Embodied carbon by structure - A1-A3
Cradle to grave (A1-Ad4, B4-B5, C1-C4) kg COe/m?

B 71-A5 Naterials- 62 % ‘ Foundations and substructure - 24%
I A4 Transportation- 1 %

I B4-B5 Replacement- 6 %
I C1-C4 End of life- 11 % ‘ Horizontal structures: beams, floors and roofs - 26%

(150320 B L 218 |

\ Vertical structures and facade - 44%

‘ Other structures and materials - 6%
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D
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Figure 16. Timber Frame Results Summary

The Timber Frame building will produce 10.9 kgCO,e/m?/year (Figure 16) which works out at 2349
kgCO,e/year. For a cradle to grave life-cycle, the building produces 218 kg CO,e/m” which grants a
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OneClick LCA Embodied Carbon Benchmark B rating based on CH Q7 2020 United Kingdom. Stages
A1-A3 make up 82% of the overall Cradle to Grave Life-cycle, 11% is generated by C1-C5, 6% for B4-
B5 and just 1% by stage A4. Vertical Structures contribute the largest amount of carbon with 44% of
total carbon from all materials, followed by Horizontal Structures with 26% and Substructure with
24% respectively.

Global warming, kg CO2e - Life-cycle stages Global warming, kg CO2e - Classifications Global warming, kg CO2e - Resource types
This is a drilldown chart. Click on the chart to view details

@ A1-A3 Materials - 27.5%
@ A4 Transportation - 0.3% @ External walls and facade - 30.6%

@ A5 Construction - 5.8% @ Foundation, sub-surface, basement and retaining walls ... @ Insulation - 25.1%
@ B1-B5 Maintenance and replacement - 2.0% @ Floor slabs, ceilings, roofing decks, beams and roof - 1. @ Concrete - 24.9%
B6 Energy - 59.1% Construction site scenarios - 14.1% @ Construction site - 14.7%
@ B7 Water- 1.7% @ Windows and doors - 7.7% Gypsum, plaster & cement - 12.0%
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@ Internal walls and non-bearing structures - 2.8% @ Doors & windows - 8.0%
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Figure 17. Timber Frame Global Warming - Life-Cycle Stages, Classification, Resource Types

Itis clear from Figure 17 that stage B6-Energy is the largest contributor (59.1%) which is 1389 kg CO-e
annually. The main contributing resource types are concrete and insulation with 24.9% and 25.1% of
the total carbon produced by all resources excluding electricity.

Visualisation of the annual impacts
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Figure 18. Timber Frame Annual Impacts

Similarly, to the masonry construction Figure 18 shows the annual impacts produced by the building
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over the 60 years, there is a constant energy use each year from start to finish, after 40 years the win-
dows and some other materials need to be changed as their service life’s end creating a small spike
in carbon emissions.

Global Warming - Life-cycle Stages - Per m2
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B Masonry Construction 304.0 4.3 39.2 18.4 376.5 11.9 26.9
m Timber Frame Construction 179.9 1.7 377 13.2 386.6 117 238
m Masonry Construction m Timber Frame Construction

Figure 19. Life-Cycle Stages Comparison

Figure 19 displays the global warming potential per m* of both constructions with respect to their
life-cycle stages, this chart clearly shows how both projects have similar carbon for all life-cycle
stages apart from stages A1-A3 Materials. As discussed in Section 4.2, the energy use of both houses
are similar and based on a DEAP calculation carried out on the masonry construction the timber
frame building has slightly higher B6 emissions per m? due to a lower thermal mass, but the main
focus when comparing the two constructions is the materials stage. The building materials used
in the timber frame construction produce 41% less carbon per m? than the masonry construction
materials, a saving of 124.1 kg CO,e per m?, which is equivalent to 46L of consumed diesel per m? of
floor area [8].
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Global Warming - Resource Types - Per m2
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Figure 20. Resource Types Comparison

Figure 20 compares the CO, equivalent emissions per m? produced by each resource type in both
constructions. Concrete is the resource with the largest difference between the two constructions,
with the timber frame construction using 36% of the concrete used in the masonry construction.
The timber frame construction used double the amount of timber and 20% more insulation com-
pared to the masonry which amounts to 23.9 kg CO,e per m> more than the masonry construction
for the two resource types but the masonry building produced 111.4 kg CO,e per m*> more than
the timber frame for concrete alone. This suggests that replacing concrete with wood significantly
reduces the CO, equivalent emissions produced by building materials.

The masonry construction has a larger window area and produces slightly more CO»e, this factor is
independent of construction type of the building and is only due to the design of the house. More
plaster and cement is needed for the masonry building as it has an extra concrete block leaf com-
pared to just one in the timber frame house.

Because the masonry construction is heavier than the timber frame more steel beams are required
which further increases the CO,e emissions of the construction.

Both buildings produce high emissions from insulation resources, 13% of the masonry construction
and 25% of the timber frame construction, these emissions could be significantly reduced if more
sustainable insulation materials were selected, cellulose for example which produces 11.21 kg CO5e/
m?® in comparison to glass wool, EPS 70/100 and PIR insulation which produce 28.17 kg CO,e/m’,
66.26/86.58 kg COe/m?* and 169.38 kg CO,e/m? respectively.
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Mass - Classificaftion - Per m2
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Figure 21. Mass Comparison

As expected, the masonry construction has a much greater mass compared to the timber frame
construction, 1865 kg per m* to 800 kg per m” respectively, which is more than double that of the
timber frame building. Because the timber frame construction is lighter, its foundations can be light-
er which is another factor why much less concrete is used in the building compared to the amount
of concrete in the masonry construction foundation.

Life-cycle assessment results
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Figure 22. Masonry Construction Results in Comparison to Timber Frame Construction
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Figure 22 shows the Life-Cycle Assessment of the masonry construction compared to the timber
frame construction with respect to the different environmental impact categories though not ad-
justed per m’. The masonry construction materials have a greater impact for all categories, this
shows that a timber frame building is more environmentally friendly in all categories rather than
just the GWP (Global Warming Potential). Note, end of life scenarios are based on the current version
of the EPD used for each material, in future this may vary as more systems are put in place to ensure
material recycling wherever possible and reducing waste disposal carbon costs.

Biogenic storage of biomaterials (wood) is not used in the calculations by the OneClick LCA software
because the current, most common method of dealing with timber waste is incineration. This means
that the carbon is stored for the buildings lifetime but is released back into the atmosphere during
the end of life stage, however, if the wood was guaranteed to be recycled and reused then the bio-
genic storage could be subtracted from the total embodied carbon of the building. The biogenic
storage from the timber used in the masonry and timber frame constructions is 42 kg COe per m?
and 78 kg CO,e per m? respectively, reducing the overall materials CO,e emissions by 43% and 56%.
Adding more biomaterials such as cellulose insulation would further increase the biogenic storage
of the building and in turn, reduce the total emissions.

6.0 Conclusion

For a cradle to grave life-cycle (without materials associated with finishes), the masonry building
produces 353 kg CO,e/m? against 218 kg CO,e/m” for the timber frame building. This is a saving of
135 kg CO,e/m? or 38%. From figure 19 it can be seen that there is very little difference in two types
of construction in most of the life cycle stages and that stage A1-A3 materials accounts for 125 kg
CO,e/m’ of the difference.

It is clear that the use of concrete (even with 30% recycled binders), in foundations/floor slabs/inter-
mediate floors/block walls is the reason that the traditional masonry construction has a significantly
higher embodied energy than the timber frame construction. Portland cement, a key concrete in-
gredient, requires a lot of energy to manufacture with an embodied energy of 0.92 kg CO-e [6] and
accounts for approximately 7% of global carbon emissions.

The use of timber joist intermediate floors would reduce the embodied carbon of horizontal struc-
tures in the masonry building by 52%. However, this is still insignificant when compared to the
carbon savings by converting to timber frame construction. Timber frame construction could be
improved upon further by removing the outer leaf of concrete block and replacing with a counter
batten, batten, cement board and render system and it is recommended this be assessed further.

Furthermore, if the end of life re-use of the timber was changed from incineration to recycling then
the biogenic storage of the wood could be subtracted from the total embodied carbon of new
buildings thus progressing towards a net-zero carbon embodied building and creating a circular
economy.
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The embodied carbon of the substructure in the masonry house, with traditional strip foundations
and the ground bearing slab, was 96.3 kg CO,e /m? compared to the embodied energy of 56.6 kg/
m? for the passive raft slab. In the experience of the authors, there is a negligible cost difference
between these two types of substructure construction.

One of the difficulties encountered was that not all products had an EPD and substitute similar prod-
ucts with EPDs were used where necessary. EPDs are currently voluntary and if it was mandatory to
produce EPDs then there would be greater carbon transparency and it would allow building design-
ers/developers make more informed choices when deciding on what materials and construction
types to use. It is also accepted that there are other construction methods in wide use that would
be worthy of a similar analysis to determine their overall embodied carbon footprint.

The findings of this report, whilst somewhat narrow, clearly show the large impact that building de-
signers can have reducing upfront emissions of a building by undertaking whole life carbon thinking
at an early design stage. The World Green Building Council’s publication “Bringing embodied carbon
upfront” calls for designers to “adopt a whole life approach to carbon reduction in buildings..., ap-
plying our principles in order to identify cost-effective low and, ultimately, net-zero carbon designs
while prioritising early emissions savings”.

The government too can have a significant impact and leadership role regulating for the use of LCAs
for all public projects. Starting with the planned building of 25,000 new homes per annum [9], with
an average floor space of 137m2 [10] then based on the calculations of the two different construc-
tions in this report annual saving of up to 460,000 tons of CO, equivalent emissions can be made
by simply building timber frame buildings instead of the traditional masonry construction. This is
equivalent to the amount of carbon that gets stored in 107,000 hectares of Irish forests every year
[11], which is 14% of the total area of forestry in Ireland. This is an easy carbon saving to make as
both constructions have a similar financial cost per square meter.
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A.l1 Masonry Construction Material Inputs

26

Construction

v Building materials > Foundations and substru:

v Building materials > Vertical structures and facade > External walls and facade

v Building materials > Vertical structures and facade > Columns and load-bearin:

Resource

Crushed rock (0...100 mm), dry bulk density,
1680 kg/m3 7

Ready-mix concrete, normal-strength.
generic, C30/37 (440052

Ready.mix concrete, normal-sirength,
generic, C30/37 (4400/5.. 7

Portland cement - kme mix, for soll
stabilisation. generic_.. ?

Reinforcement steel (rebar), generic, 575
recycled content (2

Precast concrete block. 700-2100 kg/m3
(BPCF)?

EPS insulation, R = 3.2 m2KW, L = 0,031
WimK_T: 100 mm, 1.2

aerated
480 kg/m3, SUPER .. ?

units,
Radon and moisture membrane for site
construction, PP, 12m._.7

Sand (0...8 mm), loose dry density, 1555
kgim3?

Portland cement. generic, CEM 17

Lime mortar, 1300 - 1800 kg/m3 (VOPM)?

Precast concrete block, 700-2100 kgim3
(BPCF)?

Precast beams, inci.
Dimension: 0.20...7

Precast beams, incl red 1!
Dimension 0.20.. 7

EPS insulation, R = 3.2 m2K/W, L = 0.031
WmK. T 100 mm, 1.7

A eraled
480 kg/m3, SUPER 2

Sand (0...8 mm), loose dry density, 1555
kgim3?

Structural steel profiles, generic. 20%
recycied content. |7

Ozone
User GM::‘ Acidification
input kg €O 0 kg S02e kg POde potential
28 kg CFCife
cture > Foundation, sub-surface, basement and retaining walls
21 ton 13554 12 033 0
21m3 | 511601 1,49 15 0
96 m2 | 292343 657 0,86 0
1000 980.7 155 0,19 0
g
500 kg 258.89 095 0,14 0
54m3 83521 154 0,14 0
97Tm2 | 128154 481 0.56 0
34m3 87491 2,06 022 0
120 m2 T81.75 316 042 0
73100 16.94 on 0,03 0
Section | 13 210,92 3343 438 0
total
7700 | 770367 14,56 191 0
kg
130 kg 4632 01 0,01 0
63m3 | 978035 18,05 162 0
23m 2722 0.06 0.01 0
Mm 136,12 0,31 0,05 0
52m3 | 344571 1293 151 0
23m3 578.01 136 0,14 0
70 ton 1624 1,06 033 0
Section | 21879,81 48,42 5,57 0
total
g vertical structures
0.26 ton 657.17 267 047 0
Section 657,47 267 0,47 0
total

Formation of ozone of
lower atmosphere
kg Ethenee

002

05

028

012

037

554

014

017

725

058

0,01

0,02

1488

0,09

004

19,99

039

0,39

Total use of primary
energy ex. raw materials
M

19995

2797402

1598516

45417

463283

500071

2144608

564402

59292

427,15

93 580,37

3349753

49575

585585

57 662,69

372873

409595

159 192,18

100765

100765

Comments

Strip
Foundation

Ground
Floor Slab

Cement

A393 Mesh

Sub Walls

Underfloor

Sub Walls

Radon

Blinding

Ext&int
wall

Ext & Int
Wall

Extaint
Wall

Cilis

Cavity
insulaton
beads

Ext & int
wall

Ext&inmt
Wall

Steel
Column
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v Building

v Building

v Building

18

051

015

542

04

828

1.7

303

1,04

407

029

0863

10,34

97

019

17,97

6331

nd doors

036

237

1091

051

14,15

ials > Vertical
Structural sawn timber, kiln dried, planed or 26m3 319,05
machined, 479 .7
Plaster, finish, app. th.: 2 mm, Skimcoat, 2400 2134
Skimcoat Short Se.. ? k9
Fibre cement boards. 1300 kg/m3 (81.16 0,035 5274
Ibs/3)? m3
Gypsum plaster board, regular, generic, 6 5- Im3 78256
25 mm (0.25-0.98..7
Plywood, generic, 4-50 mm (0.16-1.97 in) 03m3 139,29
620 kg/m3 (387 1b..?
Section | 1507,03
total
materials > Horizontal structures: beams, floors and roofs > Floor slal
Gypsum plasterboard, 12,5 mm, 8 985 kg/m2 3m3 36152
(average product w.. ?
Structural sawn imber, kiln dried, planed or 10m3 12627
machined, 479 .2
PIR insulation boards. sluminium foil faced, 180m2 | 159216
<=160mm L= 7
Ready-mix concrete, normal-strength, 90 m2 131709
generic, C20125 (29003 2
Fibee cement boards, 1300 kgim3 (81.16 024m3 364,63
Ibsm3)?
Glass wool insulation panels. unfaced, 160m2 | 1247,02
generic, 25 kg/m3 (1.7
Plywood, generic, 4-50 mm (0.16-1.97 in), 021m3 99,36
620 kg/m3 (387 1b.. 7
Reinforcement steel (rebar). generic. 97% 330 kg 172,42
recycled content (.7
Structural steel profiles, generic, 50% 2ton 277182
recycled content, 1.7
Coated fibre cement siates, 4mm, 250 m2 4850
500x300mm, 1.52 kg/unit, 8.7
proof from HOPE 160 m2 8361
for roof and wall und..?
Precast concrete floor and cover slab, C35/40 | 120 m2 618414
(B35 M45) (Ove.. 7
Section | 20 306,46
total
ials > Other str and ials > Wind: a
Roof window (skylight). 978 x 780 mm, 33.1- | 0.76 m2 72,66
16-4mm U= _7
Roof window (skylight). 978 x 780 mm, 33.1 - 38m2 49446
16-4mm U~ _?
Triple-glazed PVC frame window, size: 1230 36 m2 27504
x 1480 mm, Uwind .. ?
External wood door 2 4m2 7363
Section | 3391,15
total

and facade > Internal walls and non-bearing structures

034 0
0.05 0
0.02 0
059 0
0.06 0
1,06 0
bs, ceilings, roofing decks, beams and roof

041 0
135 0
131 0

04 0
012 0
059 0
0.05 0
0.09 0
156 0
157 0
0.02 0
251 0
9,96 0
0.05 0
033 0
135 0
003 0
1,75 0

012

0,06

0,01

022

004

045

017

049

0388

013

0,05

021

003

007

125

156

0,02

589

0,02

0,16

081

0,12

1,1

9984 | Int Stud

434075 | Int Wall
366,47 | Int Wall
1174124 | Int Wall
2566,68 | Int Wall

28 999,14

801978

395136 | Timber

27 646,72 | Sarking

7 496,33 | Screed

253388

17 22826 | Rafter

Insulation

18309 | Ceilings

308546 | A142 Mesh
48 168,99 | Steel
57150 | Slates
264385 | Felt
47 909,74
263 227,53
143844 | Skylight
882504

Skylight

348532 | ExtDoors

137488
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A.2 Timber Frame Construction Material Inputs

i Glabel | e | o Ozone | mation of 0zone of Total use of primary
Construction | Resource J warming 3 lower atmosphere | energy ex. raw materials | Comments
input kg SO2e kg POde potential
kg COze kg CFCHe kg Ethenee M

v Building materials > Foundations and substructure > Foundation, sub.surface, basement and retaining walls

Crushed rock (0... 100 mm), dry bulk density. 31 fon 202,99 18 049 [ 004 299442 | Foundation
1680 kgim3?

Ready-mix concrete. normal-strength, 18 m3 438515 985 129 0 043 2397773 | Foundation &
generic, C30/37 (4400/5..7 Ground Floor
Reinforcement steel (rebar), generic, 97% 800 kg 41422 1,52 022 0 016 7 412,53 | Foundation

recycled content (.7

EPS insulation. R = 3.2 m2K/W, L = 0.031 19m3 164497 6.26 on 0 7.26 27 502,88 | Foundation
WimK_T: 100 mm_ 2. ? Kore
EPS insulation, R = 3.1 m2K/W, L = 0.03 11m3| 196314 721 0381 0 883 329612 | Foundation
WimK_T. 100 mm_ 42..7 Kore
Radon and moisture membrane for site 10 m2 73523 295 039 0 016 §53392 | Foundation

construction, PP, 12m. 2

Sand (0...8 mm), loose dry density, 1555 21 ton 4872 032 0.1 0 0,01 122879 | Foundation
kgim3?
Section | 939442 299 4,01 0 16,88 101 611,47
total
v Building materials > Vertical and facade > External walls and facade
Structural sawn timber, kiln dried, planed or 8m3 981,69 554 105 0 038 30720 | ExtWwall

machined, 479 7

PIR insulation boards, aluminium foil faced. 270 m2 429984 195 353 0 238 7466375 | Extwall
< 160mm, L= 2

Plaster, finish, app. th._ 2 mm, Skimcoat, 270 m2 61,37 0,15 0,01 [ 0,02 124829 | Extwal
Skimcoat Short Se . ?
Portland cement, generic. CEM 1? 2800 | 276929 523 069 0 021 12 041,59 | Extwall
kg
Glass wool insulation paneis, unfaced, 210 m2 126291 412 059 1) 022 17 447,73 | Insulation
generic, 25 kgim3 (1.7 between studs
Gypsum plaster board, regular, generic, 65- | 270 m2 864,07 598 085 0 025 1296428 | ExtWall
25 mm (0.25-098 7
f from 260 m2 182,17 0.42 0,03 0 0,05 581376 | Autightness

HOPE for roof and wall und...? Membrane

proof from 270 m2 188,57 043 0,04 0 0,05 6018,15 | Breather
HOPE for roof and wall und,. 2 Membrane
Precast concrete block, 700-2100 kg/m3 23m3 | 352403 65 0,58 0 157 2109965 | Ext& Int Wall
(8PCF)?
Precast concrete beams, incl. reinforcement, 18m 2178 0,49 0,08 0 0,02 1537,38 | Sils & Lintels

Dimension: 0.20...7

0SB panels. 600 kg/m3. OSB3 TG 270m2 | 513,01 203 032 0 039 391,28 | ExtWall
(MEDITE SMARTPLY)?
Render mortar, normal render, high-grade 270 m2 979,79 1,03 029 0 001 996435 | ExtWall

render. 1550 kgim3_... 7

Section | 1584454 5142 786 0 554 201 910,66
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v Building materials > Vertical structures and facade > Intemal walls and non-bearing structures

Stucurl savwn irbee, kin dried, plared or 26m3 31862 1,820 34E-1
machined, 479 .. 7
Plaster, Srish, 3pp. th- 2 mm, Skimeoal, 2400 21382 5096-1 48562
Skimcoat Short Se.? 3
Fitre cement boards, 1300 kgim( (B1.16 0,035 527€1 1.56-1 1.736-2
bet)? m3
Gypeum plaster bosrd. regulr, genesic, 6.5 imd 70362 54260 59€-1
25mm (0250987
, generic, 4-50 mm (0.16-1,97 in), 03m3 1,3862 40561 6.356-2
820 kpm3 (W7 b7
Saction 151E3 8.2880 1,060
totas

5.76E-9

9.46E-6

1,9€-6

1.56E-5

1.468E-5

S17E-S

558E-2

7126-3

223E-1

3a8c-2

44361

W Building materials > Horizontal structures: beams, floors and roofs > Floor slabs, ceilings. roofing decks, beams and roof

Gypsum plasterboard, 12.5 mm, 8.565 amd Je2e2 17120 4.11E-1
*gm2 (avernge product w.. 7

Structural syan timber, kin dried, planed or 10om3 1,26E3 71380 1,350
machined, 479 .2

PIR insulstion boerds, alurnineum fal faced, 160 m2 1,56€3 7.2220 1,080
=10 mmLl=.7

Ruscly enix concrete, normesd sirergth, som2 13263 3,000 396C-1
generic, C20r25 (29003..7

Fire cement baards, 1300 kgm3 (61.16 024m3 36882 1,420 1,1%€-1
buf3)?

Gla=s wod insulation pends, unfsced, 160 m2 1,263 4,070 SATE-1
ganesic, 25 kgtmd (1.7

Plywood, generic, 4-50 mm (0.16-1.97 in), 021 m3 9.04E1 280€-1 453E-2
620 hym3 (387 b2

Reinforcoment steed (rebar), generic, 7% kg 17282 6,331 9056-2
recycled corent (.7

Struciural steel profiles, genenc, 80% 21ion 277E3 1,031 1,560
recycded corent, L.?

Cuosted fitwe coment siules, derm, 250 m2 4 0883 97E0 1.57E0

800x300mm, 1.52 kglunit, 8.2

Waterproof mesmbrane from nomwaven 160 m2 8,361 1,86E-1 1.56E-2
HDPE for roof and wall und. 2

Precast concrete floor and cover =lab, 120m2 6,183 1,881 25180
€540 (B35 M4S) (Ove.. 2

Saction 20384 £.33E1 9,9¢E0
tota

w Building materials > Other structures and materials > Windows and doors

Roof window (skyfight), 978 x 780 mm, 33.1 | 0768 m2 7,27E1 361E-1 503E-2
-18-4mmU=.72
Roof window (skylight), 978 x 780 mm, 33.1 I8 m2 40452 23750 327E-1
B-dmmU=."2
Triple glazed PVC frame window, size. 1230 2 27563 1.06E1 1,3880
x 1880 mm, Uwind .2
Exterred wood door P am 73651 50661 256E-2
Saction 3,35€3 1411 17580
total

4.96E-5

228E-8

3.76C-6

131E-5

107E-4

1.08E-5

1.50E-5

221E-4

T.12E-8

1926-4

6.48E-6

351E-5

4 28E-5

25TE-6

189€-1

4 88E-1

8,861

13261

4926-2

214E-1

277E-2

651E-2

1,250

1.56E0

207c-2

1,0260

58560

225E-2

16561

8,08E-1

1,18€-1

1120

99653

4453

36622

117TE4

25783

8,023

39684

27654

7563

2,533

17264

1,03E3

3,063

L8284

57264

26453

4754

26385

14453

88353

3493

13724

Int Stud
Wl

It Vil
It Vil

Il Vsl

Int Viask

Ceilings

Tember

Ceilngs

Ceilngs

A142 Mezh

Bears

Felt

PC Stab=

Syt

St

29



Appendix B
Material Data Sources

A

n_
|
W Jeremy Walsh
Project Management



Study of the Embodied Carbon in Traditional Masonry

Construction vs Timber Frame Construction in Housing

Authors | J Walsh & B McAulliffe
Date | September 2020

B.l Masonry Construction Sources

Sources

Coated fioce
cemant slates

Coushed rock
(0-..900 mm),
dry el

EPS nsulaton

i

cement - lme
mic. for sol
binaton

Technical

480 kpim3 SUPER  Quina

4me,
608 300men
152 kpunt.
8.axgm2,

1950 bgim3

1680 kyim3

R=32
mIKW L
0.031 WimK,

T 100 mm,
152kpm2,
152 kpm3
Lambdasd.031
Wies K)

1300 kpm3
(3116 am3)

25 ngien3 (1,56
®amy)

(9ppic abie for
dersies 0-25
¥pim3 (0155
Ramy)),
Lambda=0 031
Wim K)

6525 mm
(0.25-058 i)
10.725 kgim2
(220 Bam2)
(for 125
mm0.48 in),
858 kpm3
(53 6 losm3)

125mm
89685 kyim2
(average
product
weight)

130 - 1800
kpm3

«= 160 e L
00215
WimK_ dens =
32 kym3

4-50 men
(016197 in).
620 hgim3
(387 Ram)

930 kgim)
(562 Ramd)
ulk densty of
50-50%
voumetrc mic

83)

SDEPS
70 Siver

i

Mariey Elernt

KORE

Xiratherm

EPD kelang

EPD kefand

One Cick
LA

One Cick

A

One Cick
Lca

One Clck
wa

One Chek
LcA

EPD number

EPDIE-12-10

EPD-MAR-20140216.CCO1-EN

EPDIE-13.14

BREG EN EPD 000204

EPD-IWM-20190154-1BG1-DE

BREG EN EPD 000226

Environment Data
Source

EPD QUINN-LITE
Super (83). Standard
(B5). Seven (B7)

EPD Coated Fioee
Cament Siates Mariey
Eteanit Lig & Tegral

Bukang Products Lig

LCA of crushed stone.
Blonova 2016

EPD KORE
INSULATION EPSTO
White, EPST0 Siver,
EPS100 White
EPS100 Siver,
EPS150 White
EPS200, EPS200

One Chck LCA

One Chck LCA

EPD GTEC

Verband fir
Dammsysteme, Putz
und Mol o.V.
(VOPM)

EPD Xiratherss UK Lid

EPD Gyproc Finish
Plaster (Smcoat,
Skimcoat Short Set.
Carite and Carite
Ulra products)

One Ciek LCA

One Chek LCA

EN1SB0M4

15014080

EN15B04

EN15804

EN15SS04

ENISBM

EN15804

2018

2018

2016

2018

2019

2018

08

2019

2018

2018

2018

Country

[Locay

[Locay

[Locay

(Loca)

[untec¥ingdom)

{usitedKinggem]

{LOCAL]

{LOCAL]

Gadi

GaBi

ecomwvent

152

13000

250

858 0260607132333

Tes

Rno

1315789

Product Category
Rules (PCR)

EN15804 2012+A1:2013,
EPD Wetand PCR PartA

PCR Fitee coment -
Fitee concrete 072014

EN15804 2012+412013,
EPD kland PCR Part A

EN15804

ENIS504

PCR Mineralsche
Werkmatel 072014

EN15804

PCR 201201

EN15004

Notes
PCR

Oniy with
EN1SI04

Only with
ENISS04

Oniy with
EN1SI04

Only with
ENISE4

g

Oy with
EN1S804

Ovly wih
EN15304
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Precast
concrete
beams, incl.
reinforcement

Precast
concrete block

Precast
concrete floor
and cover slab

Radon and
moisture
membrane for
site
construction.
PP

Ready-mix
concrete,
normal-
strength,
generic

Ready-mix
concrete,
normal-
strength,
generic

Reinforcement
steel (rebar),
generic

Roof window
(skylight)

Roof window
(skylight)

Sand (0...8
mm), loose
dry density

Structural
sawn timber,
kiln dried,
planed or
machined

Structural
steel profiles,
generic

Structural
steel profiles,
generic

Triple-glazed
PVC frame
window

Waterproof
membrane
from
nonwoven
HDPE for roof
and wall
underlay

32

Dimension:
0.20x0.30 m.
Béton/Cement:
C25/30 XF1,
CEM IA-S.

SNBPE

7002100
kg/m3

BPCF

©35/40 (B35 Overhalla
M45) Betongbygg

1.2mm Icopal

C30/37
(4400/5400
PSI), 30%
recycled
binders in
cement (300
kg/m3/18.72
Ibs/ft3)

c20125
(2900/3600
PSI), 30%
recycled
binders in
cement (240
kg/m3/14.95
Ibs/ft3)

97% recycled
content
(typical)

VELUX
FRANCE

Fenétres
de type
GGU
Fenétres
de type
GPU

978 x 780 mm,
331-16-4
mm,U=13
Wim2K, 40.38
kgim2,
biogenic CO2
not subtracted
(for CML)

Fenétres
type GGL
Fenétres
type GPL
Fenétres
type GFL

978 x 780 mm,
331-16-4
mm, U=13
Wim2K, 35.66
kg/m2,
biogenic CO2
not subtracted
(for CML)

VELUX
FRANCE

1555 kg/m3

Wood for
Good

479 kg/m3

20% recycled
content, I, H,
U LandT
sections

80% recycled
content, I, H,
UlLandT
sections

size: 1230 x
1480 mm,
Uwind = 0.7
Wim2K,
Uglass = 0.7
w

PassiV Munster

Joinery

145 gim2 Tyvek® DuPont

25078

INIES

EPD Norge

EPD Norge

One Click
LCA

One Click
LCA

One Click
LCA

INIES

INIES

One Click
LCA

One Click
LCA

One Click
LCA

EPD Ireland

1BU

INIES_CPOU20171219_104315,
7675

EPD-BPC-20170092-CCD1-EN

NEPD-1907-818-NO

NEPDO00208N

INIES_INOU20190313_105541
10248

INIES_IFEN20190313_144317,
10253

BREG EN EPD 000124

EPDIE-18-08

EPD-DUP-20150237-IBE1-EN

FDES

EPD UK Manufactured
Precast Concrete
Blocks Produced by
members of the
Concrete Block
Association (CBA) a
product group of
British Precast

EPD Kompakt
slakkarmert dekke

Icopal RMA 1200
radonmembran, NEPD
00208N

One Click LCA

One Click LCA

One Click LCA

FDES

FDES

LCA inventory for sand
quarry operation,
Ecoinvent 2016

EPD Kiln dried planed
or machined sawn
timber

One Click LCA

One Click LCA

EPD Passiv PVC
Triple Glazed Window

Oekobau.dat, EPD
DuPontTM Tyvek®
25078 DuPont de
Nemours
(Luxembourg) 5.3 r.

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

15014040

EN15804

EN15804

EN15804

EN15804

EN15804

Verified

Verification

Verified

Verified

Verified

Verified

Verified

Verified

2017

2017

2019

2013

2018

2018

2018

2019

2019

2016

2017

2018

2018

2018

2016

[france]

[unitedKingdom]

[norway]

[norway]

[LOCAL]

[LOCAL]

[LOCAL]

[france]

[france]

[LOCAL]

[unitedKingdom]

[LOCAL]

[LOCAL]

fireland]

[germany,
luxembourg]

Authors | J Walsh & B McAulliffe
Date | September 2020

ecoinvent

GaBi

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

GaBi

ecoinvent

ecoinvent

ecoinvent

GaBi

1425.0

2400.0

916.667

2400.0

2200.0

7850.0

1555.0

479.0

7850.0

7850.0

EN15804

PCR Pre-cast concrete
components, 07/2014

EN15804

NPCR 022 Roof
waterproofing

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

PCR False ceiling and
underlay sheeting,
07/2014

EN15804

Only with
EN15804

Only with
EN15804

EN15804

EN15804

Only with
EN15804

Only with
EN15804
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Sources

Resource
name

Coated fibre
cement slates

Crushed rock
(0...100 mm),
dry bulk
density

EPS insulation

EPS insulation

Electricity,
Ireland

External wood
door

Glass wool
insulation
panels,
unfaced,
generic

Gypsum
plaster board.
regular,
generic

0SB panels

PIR insulation
boards,
aluminium foil
faced

Plaster, finish

Portland
cement,
generic

Precast
concrete
beams, incl
reinforcement

Precast
concrete block

Technical

e Product
specification

4mm,
600x300mm,
1.52 kgfunit,
8.4kg/m2,
1950 kg/m3

1680 kg/m3

R=31
m2KW, L=
0.03 WimK, T:
100 mm, 4.27
kg/m2, 42.7
kg/m3,
Lambda=0.03
Wi(m K)

UUHD
EPS300

R=32
m2KW, L=
0.031 WimK,
T: 100 mm,
2.03 kg/m2.
20.3 kg/m3,
Lambda=0.031
Wi(m K)

HD EPS
100
Silver

25 kg/m3 (1.56
Ibs/f3).
(applicable for
densities: 0-25
kg/m3 (0-1.56
Ibsift3)),
Lambda=0.031
WimK)

6.5-25mm
(0.25-0.98 in),
10.725 kg/m2
(2.20 Ibsift2)
(for 12.5
mm/0.49 in),
858 kg/m3
(53.6 Ibs/ft3)
600 kg/m3 0SB3
TaG

<= 160 mm, L
=0.0215
WimK, dens. =
32 kg/m3

Various
products

app.th:2mm  Skimcoat,
Skimcoat
Short
Set,
Carlite,
Carlite
Ultra

CEMI

Dimension:
0.20x0.30 m,
Béton/Cement:
C25/30 XF1,
CEM IVA-S.

7002100
kg/m3

Manufacturer

Marley Eternit

KORE

KORE

MEDITE
SMARTPLY

Xtratherm

Gyproc

SNBPE

BPCF

EPD
program

1BU

One Click
LCA

EPD lIreland

EPD lIreland

Bionova

One Click
LCA

One Click
LCA

One Click
LCA

EPD Ireland

BRE

International
EPD
System

One Click
LCA

INIES

1BU

EPD number

EPD-MAR-20140216-CCD1-EN

EPDIE-19-14

EPDIE-19-14

EPDIE-19-17

BREG EN EPD 000226

S-P-00584

INIES_CPOU20171219_104315,

7675

EPD-BPC-20170092-CCD1-EN

Environment Data
Source

EPD Coated Fibre
Cement Slates
Marley Eternit Ltd &
Tegral Building
Products Ltd

LCA of crushed
stone, Bionova 2016

EPD KORE
INSULATION EPS70
White, EPST70 Silver,
EPS100 White,
EPS100 Silver,
EPS150 White,
EPS200, EPS300

EPD KORE
INSULATION EPS70
White, EPS70 Silver,
EPS100 White,
EPS100 Silver,
EPS150 White,
EPS200, EPS300

LCA study for
country specific
electricity mixes
based on IEA,
Bionova 2019

Bionova

One Click LCA

One Click LCA

EPD SMARTPLY
Oriented Strand
Boards (OSB)

EPD Xtratherm UK
Ltd

EPD Gyproc Finish
Plaster (Skimcoat,
Skimcoat Short Set,
Carlite and Carlite
Ultra products)

One Click LCA

FDES

EPD UK
Manufactured
Precast Concrete
Blocks Produced by
members of the
Concrete Block
Association (CBA) a
product group of
British Precast

Standard

EN15804

15014040

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

EN15804

Verification

Verified

Verified

Verified

Verified

Verified

Verified

Verified

Year

2015

2016

2018

2018

2011

2018

2018

2019

2018

2014

2018

2017

2017

Country

fireland]

[LOCAL]

fireland]

fireland]

fireland]

[LOCAL]

[LOCAL]

[LOCAL]

[ireland]

[unitedKingdom]

fireland]

[LOCAL]

[france]

[unitedKingdom]

Authors | J Walsh & B McAulliffe
Date | September 2020

Upstream
database

GaBi

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

ecoinvent

GaBi

Density

1950.0

1680.0

427

203

25.0

Product Category
Rules (PCR)

PCR Fibre cement -
Fibre concrete, 07/2014

EN15804:2012+A1:2013,
EPD Ireland PCR Part A

EN15804:2012+A1:2013,
EPD Ireland PCR PartA

EN15804

858.0280607132333 EN15804

600.0

32.0

1315.789

1600.0

1425.0

EN15804:2012+A1:2013,

EPD Ireland PCR Part A

EN15804

PCR 2012:01
Construction Products
and Construction
services, ver. 1.2

EN15804

EN15804

PCR Pre-cast concrete
components, 07/2014

Notes
about
PCR

Only with
EN15804

Only with
EN15804

Only with
EN15804

Only with
EN15804

Biogenic
co2
separated

Only with
EN15804

Only with
EN15804

EN15804

Only with
EN15804
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B.2 Timber Frame Construction Sources

Radon and 12mm leopal EPD Noege  NEPDOO2OSN fcopal RMA 1200 EN1S304  Verifed 2003 (moeway] ecowvent 916667 NPCR 022 Roof Only with
mouture fascamenbran, waterproofing EN15304
membeane for NEPD 00208M
st
construction,
PP
Readymix c30a7 One Cack . One Clck LCA EN1S304 . 2008 LOCAL] ocowent 24000 ENISE4
concrete (44005400 Lca
normak. PSI). 30%
stength recycied
generc binders in
cement (300
kpm3 /1872
oam3)
Reinforcement  97% recycled One Cack - One Chck LCA ENIS30¢ . 208 (LOCAL] ecowvent 78500 EN1SIO4
sheel (robar). content LCA
genenc (ypical)
Render 1550 kpm3. L sy EPDIWM.2013024248G1.0€ Oekobaw dat 20171, EN15304  Verifed 2014 [germany] Gabi 15500 PCR Mineraische Only with
montar, somal  EPD coverage EPD Mineralinche Werkmbned, 102012 EN15304
render, Nigh- 1300 - 1800 Wernmonel
grade render  kpmd Putzmortel.
Neermalutz Edelput:
Industneverband
WerkMortel e V.
()
Reof window 978 x 780 mm, Fenéwes VELUX INIES INIES_INOU20180313_105541,  FDES EN15304  Verifed 2019  [¥ance] econvent EN15804 EN15304
(skybght) 331.16.4 de type FRANCE 10248

mmU=13 Gou
Wim2K 4033 Fenéwes

kpm2, de type

bisgeric CO2  GPU

not subdracted

(for CML)
Sans (0 8 1555 kp/m3 One Cick - LCA inventcey for 15014040 - 2016 [LOCAL] eccivent 15550 - Only with
mm), loose Lca sand quary EN15304
dry Sensity operatien, Ecomvent

2016

Structural 479 kpm3 Wood for BRE BREG EN EPD 000124 EPD Kin dried EN1530&  Verifed 2017 [wnilediingdom] GaBI 4790 EN15804
Sawm tiember Good planed or mactined
kin aried. SJwn SmRer
planed or
machrad
Structural 90% recycled One Cack - One Click LCA EN1530& - 2018 [LOCAL] eccivent 78500 EN15804
sieel profles,  content Lca
gonees (Rypical), | K,

ULadT

sectons
Trph-glazed  se 1230 x Passiv Munster EPD keland  EPDIE-18-08 EPD Passiv PVC EN15304  Verifed 2018 (weland] ocourent EN1SS04
PVC frame 1450 mm, Joinery Triple Glazed
window Uwind = 0.7 Window

Wom2K.

Uglhss =07

w
Waterpeool 195 gim2 Tyver® CuPoat 18y EPO-DUP-20150239-1BE1-EN Oekobas dnt EPD EN15304  Verifed 2016 [permany GaBi PCR Faise cesing and Osly with
memzcane 25248 DuPONMTM Tyvek® uxembzurg) wnderlay shesting EN1530&
from 25248 OuPont de 02014
nomeoven Nemours
MOPE for roof {Luxembourg) 5.4 11
and wall
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90,000

80,000

70,000

60,000

50,000

40,000

kg CO2e

30,000
20,000

10,000

B Masonry Construction

B Timber Frame Construction

180,000
160,000
140,000
120,000

£ 100,000

40,000

20,000

® Masonry Construction
m Timber Frame Construction

A1-A3 Materials Ad Transportation A5 Construction
60,953 852 7,859
38,760 362 8132

m Masonry Construction

Floor slabs, ceilings, roofing
decks, beams and roof
118,442
52,980

External walls and facade

171,379
96,979

W Masonry Construction

I ==
B1-B5 Maintenance
and replacement

3,688
2,841

m Timber Frame Construction

Foundation, sub-surface,
basement and retaining walls
72,350
15,027

B Timber Frame Construction

Authors | J Walsh & B McAulliffe
Date | September 2020

LB
B6 Energy B7 Water C1-C4 End of life
75,498 2,394 5401
83,312 2,394 5131
== . —
Internal walls and non-bearing Weidows antidoors
structures
8,901 2,698
5434 1,876
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90,000
80,000
70,000
60,000
50,000
Q
)
o 40,000
[=+]
== 30,000
20,000
o I I I l
Columns and Floor slabs, Foundation, sub- rnalaalls
load-bearing Construction site Eli e s External walls ceilings, roofing surface, R iy Total water Windows and
vertical scenarios . and facade decks, beams and basement and : consumption doors
A structures
structures roof retaining walls
B Masonry Construction 660 7,859 75,498 24,377 21,724 15,308 2,018 2,394 6,807
m Timber Frame Construction 8,132 83,312 17,635 11,219 12,203 1,613 2,394 4,424

B Masonry Construction B Timber Frame Construction

40,000
35,000
o 30000
)
(=]
wy 25,000
-
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10,000
N I I I I I I
: I —— . .m =
. Gypsum, Plastics,
Concrete COHSt.r Metion Dgors & plaster & Insulation Masses Metals membranes & Wood
site windows "
cement roofing
m Masonry Construction 35,123 7,859 6,807 10,615 10,349 453 3,897 1,019 2,631
B Timber Frame Construction 13,748 8,132 4424 6,653 14,145 313 819 2,038 5,768

m Masonry Construction m Timber Frame Construction
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