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 Consequential Life Cycle Assessment 

 “… activities are included in the product system to the extent that they 

are expected to change as a consequence of a change in demand for 

the functional unit” (UNEP, 2011) 

 Foreground consequences modelled (over time, not only at long term 

market equilibrium) 

 Background consequences reflect changes of suppliers (e.g. marginal 

suppliers) 

 

Consequential LCA of complex/large systems 

INTRODUCTION 
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 Complex Systems 

 Great number of heterogeneous entities 

 Interactions among entities 

 Multiple levels of organization and structure 

 

 Foreground CLCA modelling of complex/large systems 

 Partial/Computable General equilibrium models (economy driven) 

 Behavior modeling (behavioral rules driven) 

Adapted from Weidema, 2003 

 



RESEARCH HYPOTHESIS AND OBJECTIVES 
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 Hypothesis 

 “Consequential LCA using computationally based LCI modelling can effectively support (policy) decision 

making”  

 Research objectives  

 Energy policy: “what are the environmental consequences of a GHG emissions policy implementation in 

the energy mix as compared to BAU” 

 Cut of 2.5% of GHG emissions each year following energy policy 

 Electromobility policy: “what are the environmental consequences of policy actions (subsidies, 

infrastructure deployment, multi-modal scenarios) implementation on the mobility system, with special 

focus on commuters’ mobility ?” 

 150k commuters per day (resident population: 537k) 

 Objective 2020: 40k electric vehicles, multimodality interconnections (tramway, trains) 

 Agricultural policy: “what are the environmental consequences of an additional production of 145GWh of 

biogas from an additional demand of 80kt of maize as compared to BAU?” 

 20/20/20 EU targets Luxembourg: 11% biofuels in final energy consumption. 

 Limited land use potential, high energy consumption rate, increasing energy imports from 

neighbouring nations 

 



(*)There were 2242 farms in Luxembourg in 2009 

Bottom up (agent based) vs. Top Down (economic modelling)  

METHODS 



Bottom up (ABM) vs. Top Down (economic modelling)  

METHODS 
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AGRICULTURAL POLICY  
Method 

Navarrete Gutiérrez T., Rege S., Marvuglia A., Benetto E. Sustainable farming 

behaviours: an agent based modelling and LCA perspective. In: Alonso 

Betanzos et al. (Eds), Agent-Based Modeling of Sustainable Behaviors. 

Springer, Berlin, 2016. 



AGRICULTURAL POLICY  
Scenarios 



ENERGY POLICY  
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ETEM: bottom-up partial equilibrium model for Luxembourg 

energy sector; 20 energy commodities; 650 technologies;  

Most cost-efficient energy system until 2030 (calibration 

2006). 

Inventory of energy technologies: NEEDS 

LUXGEM: Dynamic multi-sector general equilibrium 

model for Luxembourg; 16 branches of activity, 20 

commodities, 1 representative household 

Response to prices: changes in consumption from 

elasticity of substitution 

 

• Demand system parameters 

• Energy intensity 

• Share parameters 

Context and Method 
Igos E., Rugani B., Rege S., Benetto E., Drouet L., Zachary D., 2015: Combination of 

equilibrium models and hybrid life cycle-input-output analysis to predict the environmental 

impacts of energy policy scenarios. Applied Energy 145, pp.234−245. 
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General analysis 
- Increase of impacts over time due to 

demand growth 

- Main impacts from imports (~70% HH 

and eco and 100% resources) 

- Energy production and imports    > 50% 

impacts 

 

Comparison of scenarios 
- GHGr impacts ~2-3% lower than BAU 

impacts 

- Very small difference for other sectors 

and imports than energy 

- GHGr advantage mainly due to lower 

energy production from natural gas 

(lower CO2 emissions and extraction of 

natural gas) 

ENERGY POLICY  
Results 
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General analysis 
- Some impact categories (climate change, 

ozone depletion, fossil depletion) improved with 

GHGr 

- Others not (eutrophication, ionising radiation) 

due to increase of nuclear energy imports (from 

BE) 
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Focus on 4 impacts: 
- Net consumption’s impacts increase while 

energy sector intensity impacts decrease 

over time 

- GHGr advantage ~7% on climate change, 

6% on CED, 1% on land and water use. 

ENERGY POLICY  
Results 
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 Comparison GHGr and BAU : benefit from lower production from natural gas but 

counter-balanced by higher electricity imports (especially nuclear energy). 

 Large contribution of imports, as well as energy-related processes. 

 While the total net consumption shows greater impacts over years due to demand 

growth, the energy sector intensity shows lower impacts due to efficiency 

improvements. 

 Environmental profile of net consumption of Luxembourg: similar trends between the 

BAU and GHGr scenarios, with only marginal environmental benefits for the GHGr 

scenario (3–4% overall). 

 Implementation of the GHG reduction policy has low influence on the net consumption 

ENERGY POLICY  
Conclusions for policy makers 
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MOBILITY POLICY  
Context and Method  

 

Official target: 40,000 EVs (2020)  

5,000€ CARe incentive for buying an EV (3) 

EV internet dedicated platform (4) 

Charging places deployment everywhere 

 

 

Dynamic final demand vector 

 Agents represent consumers/actors 

 Models behavior in changing market 

 vs. Dynamic technology matrix (Davis et al., 

2009) 

 Agents represent technologies/processes 

 Models structural changes of market  

 



13 

deployment scenario – no incentive 

deployment scenario – incentive 

deployment scenario – no interaction 

MOBILITY POLICY  
Results Querini F., Benetto E. Agent-based modelling for assessing hybrid and electric cars 

deployment policies in Luxembourg and Lorraine. Transportation Research Part A: 

Policy and Practice. DOI: 10.1016/j.tra.2014.10.017 
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MOBILITY POLICY  
Results 

Querini F., Benetto E., 2015. Combining agent-based modeling and life cycle 

assessment for the evaluation of mobility policies. Environmental Science and 

Technology, 49, 1744-1751. 

ReCiPe 2008 

ReCiPe 2008 
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Recommandations 

• Have larger infrastructure deployment. The very uncertain nature of EV deployment leads 

to high uncertainties on the environmental consequences,  

• Extend the lifetime of batteries, by for instance promoting their reuse in other applications 

before dismantling and recycling.  

• Considering the results obtained for the German mix, we recommend to Luxembourg’s 

stakeholders to keep the renewable electricity policy  

MOBILITY POLICY  
Conclusions for policy makers 



Methods 

WHAT ABOUT THE RELATED UNCERTAINTIES? 
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ABM LCI 
Sources 

 Parameter 

uncertainty 

 Model uncertainty 

 Simulation Variability 

 Parameter uncertainty 

 Model uncertainty 

 Uncertainty due to 

choices 

 Variability 

Characterization 
 Scenarios 

 Relative error 

 Distributions 

 (Fuzzy) intervals 

 

 Scenarios 

 Relative error 

 Distributions 

Propagation 
 Stochastic modelling 

 Fuzzy arithmetic 

 Hybrid approaches 

 Scenario analysis 

 

 Stochastic 

modelling 

 Scenario analysis 

How to bring both views 

together? 



NEW METHODOLOGICAL PROPOSAL 
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 Nomenclature: 

 ʎ is one concrete instance of: 

 Parameters PM and PL 

 Choices CM and CL 

 Model structures AM and AL 

 rM still vary due to simulation 

variability 

 

 

 

 

 

 Uncertainty Sources: 

 Parameter uncertainty 

 Model uncertainty 

 Choice uncertainty 

 Simulation variability 

 

 

 

 

Prof. H. Timmermans 



THANK YOU FOR THE FINANCIAL SUPPORT: 
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”All models are wrong, but some are useful” (Box & 

Draper, 1987. Empirical Model Building and Response 

Surfaces, Wiley & Sons, New York, NY., page 424).  



LIFE CYCLE MANAGEMENT 

CONFERENCE – LCM 2017 

 
www.lcm2017.org 

 
LUXEMBOURG – 3-6 SEPTEMBER 2017 

Call for abstracts: 

deadline 15th December 

2016 
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