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Abstract— The development of cost-effective wave 

energy technologies is a long and arduous process that 

entails numerous challenges. Many design decisions must  

be taken from the early development stages. A common 

evaluation framework based on objectivised criteria can 

contribute to keeping the right direction in the 

development process of wave energy technologies. 

Building upon the well-established Systems 

Engineering (SE) body of knowledge, this paper aims to 

address a significant part of the requirements that 

guides the specification of wave energy technology 

assessment criteria, metrics and tools.  

SE approaches such as the design domains 

framework, the multi-criteria aggregation logic, the 

fundamental relationships and utility functions can be 

used at different levels of system definition, technology 

maturity and markets to ensure a fully consistent, 

comparable and traceable assessment. Huge benefits can 

be obtained from the application of knowledge in earlier 

stages of wave technology development. 

After presenting and discussing the requirements for 

wave technology performance assessment, the paper 

draws some conclusions and propose future research 

work. 

 

Keywords—Wave energy, assessment criteria, metrics, 

Systems Engineering (SE), Design domains, Technology 

Readiness Levels (TRL), aggregation structure, utility 

functions.  

I. INTRODUCTION 

VALUATION of technology performance is a 

continuous activity that should take place at all 

stages of the development process [1]. A commonly 
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agreed evaluation framework can bring significant 

benefits for all wave energy stakeholders, including 

increased clarity, consistency and direction in the 

development [2]. Early design decisions based on 

objectivised criteria are key to lower development 

uncertainties, cost and time. 

Wave energy technology development, evaluation and 

selection is moving progressively from simplified 

approaches based on technology maturity and cost to 

more holistic performance measures [3]. Selection at 

intermediate stages contributes to reducing the risks and 

uncertainties. Iterations at low Technology Readiness 

Levels (TRLs) until the desired performance is achieved 

also contributes to more cost-effective designs. 

In the last EWTEC2019, Weber et al [4] collated a 

comprehensive list of considerations to characterise the 

requirements for relevant, realistic and effective 

assessment criteria of wave energy technology 

performance. These considerations were framed in the 

form of questions to show possible choices that can be 

made in the specification of the assessment criteria and 

motivate clear decisions. This paper aims to address a 

significant part of the requirements that guides the 

specification of wave energy technology assessment 

criteria, metrics and tools. The core contribution of the 

paper is to provide some answers based on the 

application of sound System Engineering (SE) principles.  

SE approaches require that the design information is 

arranged in different design domains and propagated 

across domains to ensure full traceability of both design 

requirements and evaluation metrics [5]. Inherent to the 

evaluation process is the understanding of complex 

interactions and the quantification of relationships [6]. A 

consistent application of SE will add clarity to the 

specification of requirements for assessment criter ia and 

metrics. 

Building upon the well-established SE body of 

knowledge, the paper presents guidelines related to the 

targeted system and technology maturity; deployment 

context, market and applications; evaluation criteria 

hierarchy, quantification and thresholds; fundamental 

limits and achievability; evaluation effort and relevance; 

validation and supporting tools.  

Having presented these guidelines for wave energy 

technology assessment criteria, metrics and tools, the 

paper draws some overall conclusions and propose 

future research work. 
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expectations. Actually, the relative time and cost to be 

invested in technology assessment should be higher 

during the initial concept and design stages.  

Although the expected accuracy range will be 

narrowed as the wave energy technology moves to  l ater  

development stages, it is important to note that decisions 

always need to be made under some degree of 

uncertainty. The modelling technique, threshold and 

target values should be carefully chosen to match the 

development stage requirements. Allocation of 

assessment criteria is quite challenging, but thresholds 

can be suggested from existing benchmarks and targets 

assigned considering both the most innovative features of 

the technology and theoretical limits. Fundamental 

relationships can contribute to estimating the threshold 

values for the key design parameters of an embodiment. 

The tool implementation should be flexible to let the 

user represent the market application. Calibration with 

technology developers’ data will increase confidence in 
the projected evaluation results. The requirements for a 

holistic wave energy technology performance assessment 

have been implemented in DTOceanPlus, a freely 

available open-source software that has been 

demonstrated with data from real case projects.  

Future work should extend the international consensus 

on key metrics in the different levels of hierarchy, their 

weightings, aggregation logic and benchmark values.  
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