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We have limited resources at our disposal




Sustainabilety, Environmental impact and Climate
change
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UN’s Sustainable Development Goals
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Worldwide importance of the construction industry

Raw materials Land
harvesting

Fresh
water

Source: Visualisation based on data from UNEP-SBCI, IEA and EU statistical office.
H. Wallbaum/Chalmers
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Where humanity’s (02 comes from

Q1% 33.4 billion metric tonnes 9% 3.3 billion metric tonnes
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Fossil Fuels & Cement 2010 Land Use Change * 2000

Where humamty S COZ goes

Atmosphere

—

2010 data updated from:
Le Quéré et al. 2009, Nature Geoscience

Canadell et al. 2007, PNAS CO2Now.org




Environmental Impact, E

E =Z(Eie+Eip+Eit+Eiu+Eim+Eid+Eiw)

ltot
E;
tot= total

e= extraction

p= production

t= transport

u= use

M= maintenance

d= deconstruction

w= waste handling, end of life
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Why Life Cycle Assessment (LCA)?

* To understand the complete lifecycle of a product or
service, from;
— Materials
— Construction
— Use
— Maintenance
— End of life

®© NTNU Norwegian University of Science and Technology



LCA Methodology: ISO 14040 Standard

 Goal & Scope Definiton / —\ )
— Unit of analysis G;zlﬁf:“i:::p
— Materials, processes, or  products \ /
considered
* Inventory Analysis 3
— ldentify & quantify S
 Energy inflows ( Ixsl't:i';y\'@
« Material inflows \ y/
* Releases o
» Impact Analysis 3
— Relating inventory to impact on / .
world Impact
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Goal and Scope

 To define what is the
function
— What is to be studied ...

 Functional unit:
— 1 km main tunnel

Goal & Scope
Definition

| Centre line Tunnel

— X m2 cross section punene |

Inventory
Analysis

uoljela.tdiajul

———

Traffic zone

nt structure

Impact
Analysis

Carriageway boundary

Paveme

o

Theoretical drainage
Formation level trench cross-section

Carriageway width Shoulder
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Inventory analysis

—

l/ \ { ]
l.'/GoaI .&.szope\. -
\Deflmtloy

An environmental inventory for this
system is therefore simply a list of
the quantities of all of the inputs
which pass from the system
environment, across the system

1

f -

./ Inventory \
‘\Analysis /
L g

~—

boundary into the system and all of
the outputs which pass from the
system across the boundary and into
the environment.

* Inventory analysis make no value

|

./ ImpacF \}
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judgments about the relative
significance of the different inputs
and outputs; instead the analysis
aims to provide the quantitative data
upon which judgments can
subsequently be made

e )
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Inputs
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e Building/praduct assessment infarmatian
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G s Building/product life cycle information |
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Building LCA

Inronmiatn Information on Individual

provided at building

level

Information
provided at building
level

Information on Individual

Infarmation on in ual products gathered at

produ ed at bulking building level, to be revisedmerged on

level
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Direct and Iindirect emissions

~~=_— —» Incomplete Climate footprint
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Layer 3 Layer 2 Layer 1 Layer O

Indirect emissions Direct emission

Figure C. Solli, MISA AS
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D&B vs TMB method ...
. |bpes TBM

Machinery X

Transport to site X

Site preparation X

Explosives (blasting) @ ?
Ventillation ;( X
Excavation, rubble removal X X
Transport from site X X
Rock support @ @
Tunnel equipment X X
Rail or road X X
Etc ... X X
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TBM

® NTNU

Tunnel equipment

Rock support

TMB Excavation

Site preparation

Norwegian University of Science and Technology

TBM

Auxillary systems

Rock removal

A 4

Machinery

Steel

Etc ...

Electricety




* We know that TMB has a higher «start
up» cost, both monetary and
environmental ...

* We know that rock support has a high
cost ... both monetary and
environmental ...

* We are currently working on the TBM
method

* We belive that D&B is best on short

. tunnels, and TBM is better on long
tunnels,

e we are working on the range for
different rock classes

CO,eq

km
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Life Cycle Assessment

Goal & Scope
Definition

Inventory
Analysis

Impact
Analysis

\
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Inventory results
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Midpoint Impact category

Particulate matter
Trop. Ozone formation
(human)

lonizing radiation
Stratos. Ozone depletion
Human toxicity (cancer)
Human toxicity (non-cancer)
Global warming

Water use

Freshwater ecotox.
Freshwater eutrophication
Trop. Ozone (eco)
Terrestrial ecotoxicity
Terrestrial acidification

Land use

Marine exotoxicity
Mineral resources
0ssil resources

Damage pathways

Increase in respiratory
disease

Increase in various
types of cancer

Increase in other
diseases/causes

Increase in
malnutrition

Damage to freshwater
species

Damage to terrestrial
species

Damage to marine
species

Increased extraction
costs

N—

o

Endpoint area of protection

_—

Damage to human
health

Damage to
ecosystems

Damage to resource
availability

N—
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