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INTRODUCTION

Rockström (2011)

STABILITY OF THE HOLOCENE

h
ttp

://clip
art-lib

rary.co
m

/clip
-art/earth

-tran
sp

aren
t-p

n
g-3.htm



3

INTRODUCTION
MOTIVATION & OBJECTIVES

DECOUPLING

SUSTAINABILITY 
INTEGRATION
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1. Find a method to couple energy
modelling and environmental assessment

2. Integrate environmental indicators into
the optimisation process

3. Develop combined economic and
environmental optimisation and
assessment indicators
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STATE OF THE ART
BACKGROUND
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Energy system modelling (ESM) Life Cycle Assessment (LCA)
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STATE OF THE ART

Frameworks / Models:

• Arvesen et al., 2018; Azapagic and Clift, 1999; 
Carapellucci and Giordano, 2012; Onat et al., 2016; 
Pauliuk et al., 2017; Yue et al., 2016; Zhang et al., 2016

Applications:

• Azapagic et al. (2016): DESIRES model

• García-Gusano et al. (2016): TIMES model + LCA

• Rauner & Budzinski (2017): equilibrium model + ReCiPe
single score optimisation

Resulting research question

• Flexible, dynamic, complete, expandable and
transparent linking feasible?

LINKING ESM AND LCA

+
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METHODOLOGY

LAEND

LCA

TOOLS METHODS

SINGLE SCENARIOS:

 Total system costs

 Climate change biogenic

 Climate change fossil

 Climate change land use

 Climate change total

 Acidification Potential

 Ecotoxicity

 Europhication freshwater

 Eutrophication marine

 Eutrophication terrestrial

 Human toxicity carcinogenic

 Ionising radiation

 Human toxicity

non-carcinogenic

 Ozone depletion potential

 Photochemical

ozone creation

 Respiratory Effects

 Water dissipated

 Fossil resources

 Land use

 Minerals and Metals

OBJECTIVES
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METHODOLOGY

• Extension of the objective function with variable costs:

• and investment costs

• environmental impact e if multi-criteria optimisation is applied

• JRCII: Weighting and Normalisation following ILCD

• 5050: 50 % costs, normalised with the world GDP, 50 % JRCII

t – time 
c – costs
w – weight
e – environmental impact
x - flow

OBJECTIVE FUNCTION

epc – equivalent periodical costs
n – years
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PRELIMINARY RESULTS
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PRELIMINARY RESULTS

• Photovoltaics‘ impact reduction: turning
point at 55 % reduction

• Two alternative weather locations:

• Norden, Germany (wind-intensive): 2 
further impact categories switch to wind, 
2 % cost reduction, 85 % grid power

• Tarife, Spain (sun-intensive): Higher PV 
and wind share, 9 % cost reduction

• Battery cost reduction: With 96 % reduction
more PV with storage than grid power 
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DISCUSSION & CONCLUSIONS

• Models (ESM a. LCA) as simplified reflection of
the real system, valid within system boundaries
with the specific data, technical, economic and
environmental parameters

• LCA data: representativity, topicality, asymetry

• LCIA: methodological uncertainties (e.g. 
toxicity, local/global impacts)

• Minimum distances not defined, small changes
can lead to great system shifts (penny switching
effect)

• Extension of the models with heat, EVs and
additional constraints (CO2 goals) are
necessary

• An implementation of environmental indicators
in the optimisation is necessary especially in 
consideration of the global planetary boundaries

• „Single scores“ are not recommendable to
achieve a comprehensive assessment

• Grid power with 10 % PV is cost-effective

• Wind power, battery storage and CHP are
environmentally beneficial in most of the impact
categories compared to grid power

• Further research necessary in environmental 
impact integration, single score indicators and
result communication
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METHODOLOGY
FURTHER ASSUMPTIONS
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LCIA 
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INTRODUCTION

BP (2017)

ENERGY CONSUMPTION


