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Introduction

 Energy scenarios studies for sustainable transformation (2050)

 The main objective of InNOSys (Integrated Sustainability
Assessment and Optimization of Energy Systems) project is to
develop new generic modelling and assessment approaches
for energy scenarios, as well as deriving optimized pathways of
energy systems in Germany from a sustainability perspective.
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Objectives
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 To develop interdisciplinary, integrated methods for the
sustainability assessment of transformation scenarios for
(the German) energy systems

 To optimize expansion in the power generation capacity under
consideration of ecological, economical and social
sustainability aspects

 To identify and analyze the conflicting goals and trade-offs
between different sustainability indicators

 To formulate conclusions for energy policy and society with
respect to alternative courses of action



InNOSys: Basic Concept and Model Coupling
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Life Cycle Assessment-
Database

MESAP REMix

PANTA RHEI

ÖkoFlex

Economical
Indicator

Multi-criteria assessment
 Ökoflex, MESAP, REMix, PANTA RHEI

are the models used in the project



Sustainability Indicators
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 Sustainability is a triad of ecology, economics and social 
acceptability [Eizenberg, 2017]

Ecological Economical Social/Ethical

- Change in forest area
- Land use
- GHG emissions
- CO2 emissions
- SO2 emissions
- NOx emissions
- Nuclear waste
- Fine dust emissions

- Acidification

- Investment cost
- O&M Cost
- Import dependence
- LCOE

- Job creation
- Social acceptance
- Local manufacturing 

share
- Competition to food 

production



Multi-Criteria Decision Analysis (MCDA)

 Multi-criteria decision analysis (MCDA) is a formal, structured 
and transparent decision making methodology. It aims to assist 
groups or individual decision makers to explore their decisions 
in the case of complex situations with multiple criteria. 
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Multiple criteria decision-
analysis MCDA

Multi-attribute decision-
making MADM

Multi-objective decision-
making MODM



Multi-Attribute Decision Making (MADM)

 MADM: Multi-attribute utility functions
-  Aim: Make a choice among several alternatives

 General idea:
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Decision Matrix

Normalization

Normalized and 
weighed matrix

Ranking the 
alternatives

Weighting the 
criteria



Case Study for Sustainability Assessment

 Case study for sustainability assessment in Tunisia

 Five energy scenarios and 13 sustainability criterias

 TOPSIS method: DivRes
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[Brand, 2014]



Intermediate Result: Energy Scenarios
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 Two classifications: 80%-90% and 90% CO2 emission reduction target

 Share of electricity generation from wind offshore, wind onshore, PV 
(average from the scenarios):

- Reference year: 61% wind onshore, 7% wind offshore, 32% PV

- Moderate amb: 54% wind onshore, 23% wind offshore, 23% PV

- Very ambitious: 48% wind onshore, 29% wind offshore, 23% PV



Intermediate Result: Energy Scenarios
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 Personal vehicle: electric vehicles will dominate mobility sector in 2050

 Moderate amb: electric vehicles, hybrid with biofuels, fuel cell vehicles, 
natural gas engines

 Very ambitious: electric vehicles, hybrid with synthetic fuels, fuel cell
vehicles, no natural gas and fuel based on mineral oil



Intermediate Results: Sustainability Indicator

 Three sustainability indicators sets were decided to be defined:
- Elaborate: all indicators those could be calculated from the models

- MCDA Input

- Input for focus groups
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Intermediate Results: MCDA

 Three MCDA methods which have been selected are:
- AHP (Analytic Hierarchy Process)

- TOPSIS (Technique of Order Preference by Similarity of Ideal 
Solution)

- PROMETHEE (Preference Ranking Organization Methods for 
Enrichment Evaluation)
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Conclusion

 The main purpose of the InNOSys project is sustainability
assessment of energy scenarios

 Energy scenarios for 2050 were compared and analysed
- For different sectors (electricity, heat, mobility)

- Classified into two categories (moderate ambitious and very
ambitious)

 Several scenarios with varying “technical storylines” will be 
selected and recreated

 Three sustainability indicators sets (economical, ecological and
social indicators) which were decided to be defined are
elaborate set, MCDA input set and focus groups input set

 Multi-criteria assessment method which were selected are
AHP, TOPSIS, PROMETHEE
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