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CO, and Buildings

e Scotland’s target
— 80% reduction
in GHGs by
2050.

e The CCC
estimated that
emissions from
the built
environment
account for 42%
of total UK
emissions.

Source: UK Committee on Climate Change, 2008



Embodied and Operational CO,

e CCC figures refers to ‘operational’ energy
use only.

Source: New Civil Engineer, 2009


Presenter
Presentation Notes
Latest discussions about ‘carbon neutral buildings / homes ‘  only takes account of operational carbon in a building, but every structure also comes with significant embodied carbon – hence operational energy efficiency is not enough.


Embodied Energy In buildings

e Production of
materials and
transport of
materials
contribute
significantly to
embodied energy
in building
production

Source: Nassen et al., 2007


Presenter
Presentation Notes
This study used input-output analysis of primary energy use and CO2 emissions split on different activities.


[
This project

Historic Scotland commissioned a team from
SISTech and Professor Phil Banfill at Heriot-
Watt University to:

e To quantify ‘embodied carbon (CO,e) in
Scottish and UK sandstone, granite and slate
(used for building purposes)

e To understand the carbon impact of
Importing stone


Presenter
Presentation Notes
Historic Scotland’s Technical Conservation Group is currently carrying out a programme of research into a range of issues relating to energy use in traditionally

constructed buildings, in order to understand their potential contribution to mitigating climate change. For new buildings, there are clear guidelines and regulations regarding the thermal performance and material make-up of building components, and there is established data about the broad environmental impacts of a variety of building materials; a similar data inventory does not exist for traditional structures. In particular, there is little existing information on the carbon impact of dimensional stone used for the repair of traditional buildings and construction of new buildings.


Stone Industry in Scotland / UK

Million tonnes

 Annual production of

the top ten stone china 220

. o India 21.5
producing countries in -~ 111
the world in 2007 Italy 10.0
Turkey 9.5

+ UK productionin 2007 " -
was 0.79 million tonnes E:;:t 3:5
Portugal 3.0

France 1.2
Source: AIDICO, 2008



Presenter
Presentation Notes
UK stone industry is a cottage industry, scale of industry very small compared to others. During peak activity in Scotland’s stone industry circa the mid 1800s, in excess of 750 quarries operated throughout Scotland (Wilson, 2005). In recent times, the number of operational building stone quarries in the country has seen a sharp decrease to approximately 53 (Scottish Government, 2007). Improvements in overseas transport infrastructure and a decrease in local supply and architectural preference has led to cheaper imports from a variety of sources.


Stone Industry in Scotland / UK

Industry characterised by:

e Smaller producers - 500 tonnes per annum,
larger producers — 5,000 to 10,000 tonnes
per annum

e Overall industry has largely small producers,
but few large producers are responsible for
over half the industry output


Presenter
Presentation Notes
Typical operations range from between 0.5 – 50 ha areas, the smaller producers catering for local and niche markets with production rarely exceeding 500 tonnes, while the larger producers may operate a number of quarries with production averaging 5 – 10,000 tonnes per annum. The structure of the UK industry as a whole is characterised by a large number of relatively small operations, where over half the entire industry output is driven from only 15 sites (BGS, 2007).




Literature Review: Embodied

carbon in building stone

e Variety in results of studies focussing on
stone - 0.1 to 13.9MJ / kg!

e Discrepancies in
system boundaries
used


Presenter
Presentation Notes
Number of studies focussing on CO2 in stone much less than other materials – sporadic studies – Jordan, Tennessee. 




Life Cycle of Stone




Life Cycle of Stone
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Life Cycle of Stone: Quarrying


Presenter
Presentation Notes
Largely diesel used at the quarry, some quarries use electricity to pump out water


Life Cycle of Stone: Primary

processing


Presenter
Presentation Notes
Primary (monoblade) frame saw – cut rough block into smaller sizes – can take 12 – 14 hours to cut a block

6 meters across


~ Life Cycle of Stone: Secondary

processing


Presenter
Presentation Notes
Diamond tipped secondary saw - electricity


~ Life Cycle of Stone: Secondary

processing


Presenter
Presentation Notes
Hand finishing and machine finishing

Other uses of energy – dust extractors, heaters (LPG), pumping of water

Also energy associated with transport of stone


=)
Our Approach

e Process based life-cycle analysis
e Boundaries in accordance with PAS 2050

e Data collected from 21 quarries and stone
yvards

e Site visits to 8 operations in Scotland, Wales
and Northern Ireland

e Interviews of experts and evidence review
of four stone exporting countries — Spain,
Poland, India and China


Presenter
Presentation Notes
Very little published information on stone industry in UK – countries chosen on basis of interviews with stakeholders in the UK.

It was initially hoped that top-down footprint figures could be developed for the stone industries in each of these countries based on disaggregated industrial energy consumption data in each country. Due to the lack of consistent disaggregated data and the variability in the quality of data in each country, this was deemed unfeasible and an investigation was launched into the nature and scale of the industry in each country.


Qur Approach

e Sandstone data largely from Scotland;
granite and slate from Cumbria, Cornwall,
Northern Ireland and Ireland

e Data sample small but representative due
to nature of industry



Embodied Carbon in UK stone




~ Embodied Carbon in imported

stone


Presenter
Presentation Notes
Transport impacts staggering.

Even though processing of imported stone equal to UK is a vulnerability of this study, as can be seen in this graph, even if processing emissions were zero, imported footprints would be significantly more.




Transport of imported stone

Transport of Granite to the UK
kgCO,e by mode of transport

India

Poland
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Presenter
Presentation Notes
Transport footprint split between shipping and road – road much more carbon intensive mode of transport.

Impacts in this study very conservative – shortest transport route between the country of origin and Scotland – in reality China imports granite from Italy, processes it and exports it back to the EU!

In some cases transport within China (e.g. shandong to xiamen) is double the length of the uk!




Stone vs other building materials

Building materials kgCO,/tonne

Sandstone 64

Granite 93

Marble 112
General Concrete 130
General Clay Bricks 220
Slate 232
Timber 450
Facing Bricks 520
General Building Cement 830
Steel: Bar and Rod 1710
Steel: Galvanised sheet 2820

Source: This project and University of Bath ICE


Presenter
Presentation Notes
Quarrying and processing of the sandstone and granite are not very energy intensive compared to the production processes of other materials like brick or concrete. Provided the stone is locally or domestically sourced the carbon emissions associated with it are less than other building materials.

Due to electricity being the largest component of footprint, potential to reduce emissions using renewables

Virtually no waste material – everything from aggregate, to inert fill




e Electricity during processing is the largest
component of UK stone footprint

e Stone is a largely low-carbon building
material, provided it is domestically sourced

e Transport footprint of imported stone is
significant — e.g. footprint of imported
sandstone from China is 8 times the UK
footprint
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