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• Development of a performance based approach for sustainable design, enabling to

assess the resource efficiency of buildings, throughout the complete life cycle;

• To support European policies related to the efficient use of resources in

construction;

• To foster the harmonization between structural design and sustainability design of

buildings, in order to enable an easier integration of structural and sustainability

criteria in the design process, thus coping with the basic requirements for

construction works of the Construction Products Regulation.

Introduction



Institute for Sustainability and 

Innovation in Structural Engineering

EU policies 

• Roadmap to a Resource Efficient Europe (COM(2011) 571 final)

• Resource efficiency opportunities in the building sector

(COM(2014) 445 final)

• Towards a circular economy: A zero waste programme for

Europe (COM(2014) 398 final)

• Closing the loop – An EU action plan for the Circular Economy

(COM(2015) 614 final)

Life cycle thinking

Standardized criteria and methodologies for 
impact assessment
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Methodology

• Performance-based approach for sustainable design:
a structure shall be designed in such a way that it will with
appropriate degrees of reliability, in an economical way and
with low environmental impacts, attain the required

performance.

 Reduce use of natural resources

 Reduce consumption of energy

 Reduce production of waste

Resource efficiency
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Harmonization between structural and sustainable design

Structural design

 Ultimate Limit States (ULS)

 Serviceability Limit States (SLS)

 Limit State of Sustainability

The safety condition: R ≥ S 

Limit state function: G = R - S

Condition that should be satisfied: R ≥ E   

Limit state function: S = E - R

Pf = P[G(X)] ≤ 0 penv = P[S(X)] ≤ 0

Sustainable design
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• Focus on residential and office buildings;

• The analysis is limited to the structural systems of building.

1. Adoption of a consistent model for LCA enabling
comparability

2. Collection of building data

3. Quantification of benchmarks

standardized framework of CEN-TC350 for the life cycle assessment of 
construction works (EN 15804 and EN 15978). 

Methodology
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Model for LCA 

Building level: EN 15978:2011Product level: EN 15804:2012

CEN TC350 standards - Sustainability of construction works

Transparency: no aggregation between modules!!!
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Environmental indicators

Model for LCA 
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Implementation in a LCA software (GaBi software)

Model for LCA 
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Definition of multiple 
scenarios

Input parameters

Implementation in a LCA software (GaBi software) Parametric model

Model for LCA 
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Uncertainties in LCA

Construction

Maintenance

Refurbishment

Deconstruction

Recycling

Parameter uncertainties

Scenario uncertainties

Model
uncertainties
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Uncertainties in LCA
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Quantification of benchmarks 

Types of buildings

Collection of building data Statistical approach



Institute for Sustainability and 

Innovation in Structural Engineering

Quantification of benchmarks 

Differentiation factors

Climatic regions Seismic regions Other vulnerable regions (climate 
change effects)

National Annexes
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Benchmarks for residential buildings 
Range of values for GWP in each module

Range of values for PE in each module
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Benchmarks for residential buildings 
Range of values for GWP and PE in A1-A3 & A1-D

Uncertainty propagation and distribution of GWP values
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Single-family house Multi-family house High-rise building

Climatic zones existing new existing new existing new

Zone 1: South European countries 8 3 8 3 2 1

Zone 2: Central European countries 8 3 8 3 2 1

Zone 3: North European countries 7 2 8 2 2 1

TOTAL    31 32 9

Benchmarks for residential buildings 
Preliminary set of benchmarks for residential buildings

Median s P 25% P 75%

SI
GWP1 7.22 3.80 2.53 8.71
GWP2 8.94 4.20 5.01 11.27
PE 139.25 54.17 124.19 186.18

Median s P 25% P 75%

MF
GWP1 6.30 3.76 4.88 9.94
GWP2 7.32 3.89 5.37 10.75
PE 105.60 48.80 84.50 159.77

Median s P 25% P 75%

HR
GWP1 5.53 2.05 4.34 6.91
GWP2 6.57 1.81 5.03 6.94
PE 88.89 24.78 68.51 94.93

Source: IMPRO-Building: Environmental Improvement Potentials of 

Residential Buildings (IMPRO-Building), EUR 23493 EN
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Benchmarks for residential buildings 

Comparison of values (in terms of GWP) referring to building data from different periods 
of time
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Benchmarks for office buildings 
Range of values for GWP in each module

Range of values for PE in each module
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Benchmarks for office buildings 
Range of values for GWP and PE in A1-A3 & A1-D

Uncertainty propagation and distribution of GWP values
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Conclusions

 The proposed approach aims for the harmonization between structural design and sustainability
design of buildings, and is based on the concept of ‘limit state’, which is a concept that is familiar to
architects and engineers.

 In the limit state of sustainability the environmental performance of the building is compared with
a benchmark, given by the average life cycle environmental performance of a set of buildings, with
the same typology, in a reference area.

 Twofold achievement:

• Benchmarks enable an easier interpretation of the performance of buildings and the
identification of best practices, thus motivating the pursuit of measures leading to an
enhanced building performance;

• Benchmarks provide a transparent yardstick to measure the environmental performance of
buildings and allow to effectively reduce the potential environmental impact of the building
stock.


