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1. Introduction – Energy transition strategies mainly focus on the realisation of CO2-emissions reduction 

but often disregard the associated effects on the broader society. Life cycle sustainability assessment 

(LCSA) aims at including a number of sustainability indicators for technology comparison. At the same 

time this increases the complexity for decision-makers. In order to communicate sustainability to policy-

makers and the public, a metric that quantifies sustainability is needed. Although, an increasing number 

of energy technology studies incorporate sustainability criteria, an agreed method for the aggregation of 

LCSA results is missing. For this reason, we investigated different multi-criteria decision analysis 

methods for their applicability for indicator aggregation and decision-making for LCSA. 

 

2. Method – Based on the sustainability assessment framework for energy technologies proposed by 

Buchmayr et al. [1], 12 sustainability categories were investigated to compare three types of wind turbine 

setups at different locations (onshore vs offshore). A review of multi-criteria decision analysis methods 

identified TOPSIS [2] as ideal method to place the wind energy case studies on a sustainability scale. 

Using TOPSIS the 12 sustainability indicators were normalized, weighted and aggregated to a single 

score. Equal weighting between the three sustainability dimensions, environment, economy and society, 

was applied in order to balance the number of indicators per sustainability dimension.  

 

3. Results and Discussion – The TOPSIS method provided a ranking for three wind energy cases. The 

results show that the onshore wind turbine using a doubly-fed induction generator had the highest (most 

preferable) sustainability score. In detail, this case scored high for social criteria due to the technology’s 

high material use efficiency. Although the environmental life cycle impact was relatively low for the 

offshore wind case, the case ranked last due to high material demand for offshore foundation structures 

which impacted mainly economic and social indicators. Image 1 shows the scores calculated with 

TOPSIS for the three wind energy case studies on a scale from 0 (non-ideal solution) to 1 (ideal solution).  

The sustainability scale resulting from the TOPSIS calculation is set depending on the criteria values of 

the assessed case studies. In order to be useful for a comparison of a wide range of energy technologies, 

the method should be adapted with ideal and non-ideal solutions 

corresponding to established sustainability benchmarks. The use of 

weighting factors in the TOPSIS method allows compensation 

between indicators and between sustainability dimension. In this 

study equal weighting between the three sustainability dimensions 

was applied but different weighting approaches should be tested in 

order to investigate the sensibility of the method. 

 

4. Conclusions – The TOPSIS method is well equipped to identify the best technology solution for the 

presented wind energy case study. The results provide a ranking and a score representing the distance to 

an ideal solution, allowing the aggregated evaluation of the high number of sustainability indicators. The 

investigation represents the first step in proposing an aggregation framework that is equipped to evaluate 

energy technologies on a sustainability scale. Further improvements to the method can facilitate the 

comparability of results and show the distance to reaching an ideal, most sustainable, situation as aim for 

the energy transition. 
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Image 1. Sustainability scores of three wind 

energy case studies calculate using the 

TOPSIS method 
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