
Closing Seminar 
14-15 May, 2012

Malmö

Bridge Life Cycle Optimisation

1

Introduction of new ETSI tools –
Life Cycle Assessment (LCA)

Prof. Helge Brattebø
Industrial Ecology Programme
Dept. of Hydraulic and Environmental Engineering
Norwegian University of Science and Technology



Bridge Life Cycle 
Optimisation

E64 - Atlantic Ocean Road 
(near Kristiansund, Western Norway)
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Why LCA tool in ETSI?

• Growing demand for sustainable infrastructure 
solutions
• particularly regarding resource efficiency, and energy 

and carbon efficiency
• Life cycle thinking a required premises today, 

to be added to the local environmental issues 
• as normally covered in SEA and EIA of road projects

• Material and product suppliers offer LCA information
• EPDs as basis for market competition 

=> LCA likely to be mandatory during a few years
=> From early phase planning to bridge contract
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Early phase planning – Route location?

• Comparing route alternatives (with a set of road elements)
• LCA (energy and GHG emissions) method developed in 

EFFEKT (Norway) and in the LICCER project (Road ERA-
net) – based on archetype geometry elements 4
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Feasibility study to contract – Design?

• Assessing LCA consequences of a given bridge design, 
with/without a corresponding Life Cycle Plan (LCP)

• LCA method developed in ETSI – based on masses 5
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The LCA framework (ISO 14041) 

• ISO 14041:2006 specifies how to carry out LCA
• Further detailed by ILCD Handbook of LCA (2010-11)
• And Product Category Rules (PCR) on how to develop 

Environmental Product Declarations (EPD) in Construction
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Phase 1: Goal and scope definition

• What would this look like for a road bridge?
(purpose, function, system boundary)
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Phase 2: Life Cycle Inventory Analysis

Foundation

Slope & 
embankment

Abutments 
& piers

Main load-
bearing structure

Secondary load-
bearing structure

Bridge equipment

Construction
on site

Operation, repair 
& maintenance

End-of-life 
management

Transportation
to bridge site

Production of 
elements

Extra traffic 
generation 

Service to society
(Functional Unit)

Emissions to water, air and soil
(NH3, NOx, SO2, P, CO2, CH4, NO2, CFC-11, CO, etc.)

Resource consumption
(Renewable resources, non-renewable resources) 

Example – A bridge system:

LCI = Quantifying the environmental stressors from the system

Tromsø bridge
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Phase 3: Life cycle impact assessment

• Grouping and aggregating different environmental 
impacts is needed for decision support!
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Phase 3: Life cycle impact assessment

• Alternative aggregation method as decided upon in 
ETSI-II

Weighting across priority indicators

Normalization (referring to per capita emissions)

Single aggregated
indicator
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Phase 4: Interpretation

• Implications 
regarding 
conclusions 
and how to 
improve!
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The ETSI BridgeLCA tool 

• ETSI definitions are used
• Bridge system and elements
• Bridge life cycle plan

• State-of-the-art LCA methodology is used
• ILCD Handbook of LCA
• PCR for Constructions 
• Ecoinvent v2 LCA database (default emission values)

• Excel model
• Prepared for using national specific or project specific 

emission data
• Calculating selected midpoint-level environmental impact 

categories, and normalized and weighted results
• Calculating energy consumption
• User friendliness and flexibility (ETSI-II recommendations)12
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BridgeLCA 
Input: Major and minor impact materials
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BridgeLCA
Input: Transportation of materials
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BridgeLCA
Input Traffic Sheet (due to bridge closure)
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BridgeLCA
Extra traffic generation model
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BridgeLCA
Impact matrix (Ecoinvent or other data)
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BridgeLCA
Ecoinvent, national or project specific data
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BridgeLCA
Results: Size of environmental impact
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BridgeLCA 
Results: Size of environmental impact
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BridgeLCA
Results: Size of environmental impact
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BridgeLCA
Results: Causes of impacts
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BridgeLCA
Results: Causes of impacts
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BridgeLCA 
Results: Energy consumption



Bridge Life Cycle 
Optimisation

BridgeLCA
Results: Energy consumption
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BridgeLCA
Results: Energy consumption
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Conclusions and recommendations

• BridgeLCA covers all the most important LCA issues 
for road bridges

• The tool is flexible for use at various stages of the 
bridge planning and design process

• Relevance of the life cycle phases
• Materials production is well covered
• Construction phase needs good empirical data input!
• OR&M phase needs inputs from a good bridge life cycle 

plan
• EOL phase is probably not very important

• Recommendations
• BridgeLCA to be tested on variety of bridges
• Empirical data and experience to be collected
• Database to be systematically improved


