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Overview
It has become obvious that the conventional utilization of energy resources is unsustainable. Besides, short- and long-term energy security, are at the top of the political and societal agenda (Deng et al., 2013) and there are obvious environmental and climate concerns associated with the future development of energy system (IPCC, 2014). Sustainable Energy development is defined as a development that provides sufficient energy services at an affordable cost in an environmentally benign manner, that complies with social and economic development necessities (IAEA/IEA, 2001). However, the energy transition towards a sustainable energy system is a complex issue and requires major transformations in how energy is supplied and consumed. Besides, stakeholders with different mental minds can have different perceptions of sustainable energy development (Forrester, 1994). Multi-Criteria Decision Analysis (MCDA) methods have been developed to assist with the decision-making towards a sustainable energy system due to the multi-dimensionality of sustainability goals and the complexity of socio-economic and biophysical systems (Fazeli et al., 2017). Thus, there is a need to engage stakeholders in problem structuring phase and the development of the MCDA to explore the technological and policy options and also, to identify robust development trajectories for the energy system.
Methods
As a fundamental step in the development of the decision support tool, Stakeholder Analysis (SA) (Grimble and Wellard, 1997) is applied to identify stakeholder groups, that are either affecting or being affected by the energy system. Then, using two-dimensional power and interest matrix proposed by Eden and Ackermann, (1998), a map of stakeholders is created. To collect the necessary data, a questionnaire was designed to map stakeholders based on their power and interest in the context of sustainable energy development. The respondents were asked to rate the attributes of power, and interest of each stakeholder on a scale 0–3 with regard to five sustainability themes (Environmental friendly and fostering positive societal growth; Access to clean energy at an affordable price; Energy Security; Energy Efficiency and Economic and Social efficiency) derived from Shortall and Davidsdottir, (2017).
Afterward, Value-Focused Thinking (VFT) (Keeney, 1996) was applied to recognize stakeholders’ main values, objectives, and associated decision criteria. Value focused thinking is a holistic approach which incorporates a systematic procedure to support the identification and structuring of the decision-makers’ values and objectives as well as the creative generation and evaluation of alternatives (Keeney, 1996). Semi-structure interviews were conducted with representatives of all stakeholder groups, in order to identify their values. Focusing on the identified values, an organized list of objectives and decision criteria is developed. The importance of decision criteira is captured through on online questionnaire. The decision matrix is then developed based on the impacts of development trajectories on decision criteria estimated by the integrated energy-transport system model for Iceland (UniSyD_IS) (Shafiei et al., 2018, 2017).
Results
The list of stakeholders include Decision-Makers, NGO’s, Professional Interest Groups, Landowners, Energy Producers, Energy Importers, Transmission and Distribution Authorities, Industrail Users and Public and small business Users. The stakeholder groups are then classified based on their scores on power and interests. The Decision-makers, Energy Producers and Transmission and Distribution Authorities are identified as the most influencial stakeholder groups. Further, the research identified more than 300 values that represent main concerns of stakeholders. After conducting several surveys and multiple interviews with representatives of different stakeholder groups in Iceland, five decision criteria have been identified: Social Impacts, Economic Development, Environmental impacts, Energy Security and Technical Aspects. 
Conclusions
Results from Stakeholder Analysis and Value-focused thinking approach considerably extended our understanding of how stakeholders perceive sustainable energy development in Iceland. Besides, decision criteria and their importance have been recognized, which are essential elements for the development of the Multi-criteira Decision Analysis framework. The proposed participatory MCDA enabled a scientifically robust assessment of development trajectories for the Icelandic energy systems. The ranking of technological and policy options, can guide policy makers to design a development trajectory that delivers desirable outcome in criteria considered important by key stakeholders.
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