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Overview

In this study, major energy resources available in Turkey were compared by using a multi-criteria decision making (MCDM) method named Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). The selected energy resources were coal, natural gas, nuclear, wind, hydro, solar, geothermal, and biomass, respectively. The reason for selecting these resources is the fact that when combined, they account for more than 99.9% of the electrical energy generated in Turkey. These resources were compared in terms of six different criteria, which were cost, sustainability, local availability, reliability, safety, and environmental impact. Each of these evaluation criteria was expressed in terms of objective, easily measurable indicators. The main motivation behind this study was to realize the comparison by taking the public opinion into account. Therefore, the weight values required for the TOPSIS analysis were obtained via an online questionnaire. Previous studies have shown that the level of awareness on energy technologies or resources is not very high in Turkey. Therefore, instead of asking the public to rank the energy technologies, we thought it would be more meaningful to ask them to rank the criteria according to the importance level. This way, we believe we eliminated any possibility of biased answers. Our study does answer the question “which energy resource does the Turkish community think is the most ideal for the country”, but instead of asking this question directly, we asked the community to create a ranking of criteria according to level of importance without mentioning any technology or resource name at all. We believe this is the main strength of our work.

Methods

The comparison was made by using a common MCDM technique named TOPSIS. MCDM is a sub-discipline of operations research that deals with creating mathematical and computational tools to realize the subjective evaluation of a finite number of decision alternatives with respect to a finite number of performance criteria. MCDM combines know-how from many fields, such as mathematics, behavioral decision theory, economics, computer technology, software engineering and information systems. Among various MCDA/MCDM methods developed to solve real-world decision problems, Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is a versatile method that can be successfully applied in a great number of areas. TOPSIS is a conceptually simple ranking method, which is also quite easy to apply. The main principle of the standard TOPSIS method is based on choosing alternatives that simultaneously have the shortest distance from the positive ideal solution and the farthest distance from the negative-ideal (nadir) solution. In the positive ideal solution, the benefit criteria are maximized and the cost criteria are minimized, whereas in the negative ideal solution the cost criteria are maximized and the benefit criteria are minimized. TOPSIS uses the attribute information to the full extent, ranks the alternatives, and does not require attribute preferences to be independent. To apply this technique, attribute values must be numerical, monotonically increasing or decreasing, and have commensurable units. 

In this study, the scores for the above-mentioned electricity generation technologies were obtained from the literature whereas the weight values for the evaluation criteria were obtained by performing an online questionnaire on approximately 350 participants of diverse educational backgrounds and demographic profiles.
Results

The results of the questionnaire showed that safety and environmental impact are the two most important criteria according to the Turkish public. These weight values, combined with the scores obtained for the electricity generation technologies returned the following results: Wind energy is the ideal energy technology in order to meet the expectations of the Turkish public, followed closely by nuclear energy. On the other hand, coal and natural gas emerged as the two least desirables types of energy resources. In our opinion, the most striking outcome of this study is the fact that nuclear energy is the second best energy technology according to the Turkish public. Currently there are no active nuclear power plants in Turkey as of 2014, and the first plant is expected to begin its operation in 2019. The reason why we decided to include nuclear energy in this particular study was the controversy surrounding nuclear energy from safety and environmental impact points of view. If we had asked the Turkish public what they think about nuclear energy directly, it is very likely that we would have got a negative response. However, by following our scientific method, we believe we proved that nuclear energy, in fact, meets most expectations of the Turkish public and considering the fact that wind energy is highly intermittent, nuclear energy appears to be an ideal solution for the rising power demand in Turkey.
Conclusions

In this particular study, the eight major energy resources used to generate electricity in Turkey were compared via a multi-criteria decision making method named TOPSIS. The selected energy resources (coal, natural gas, wind, solar, biomass, nuclear, hydro, and geothermal) were compared in terms of sustainability, cost, reliability, environmental impact, safety, and local availability. All these criteria were defined in terms of quantifiable, measurable indicators. Sustainability was defined in terms of the percentage of reserves that would remain available for use in 50 years’ time. Cost was defined as the cost of generating 1 kWh of electricity via a particular energy resource. Reliability was defined in terms of the capacity factor. Environmental impact was defined as the amount of equivalent CO2 emissions per kWh of electricity generated via a particular energy resource. Safety was defined as the number of immediate fatalities as a result of accidents associated with energy generation technologies over a definite period of time (1970-2008) and finally, local availability was defined as the cumulative energy potential of a given resource over the next 50 years in terms of TWh.

The weights of the above-mentioned criteria were obtained by performing an online survey on a total of 339 Turkish citizens with various educational backgrounds, and with homogeneous age and gender distributions. The most important criteria were picked as environmental impact and safety; both these criteria received a weight of 0.20 whereas local availability was chosen as the least important criterion with a weight value of 0.11.

Results of the TOPSIS analysis revealed that, according to the Turkish public the most preferable energy resource is wind energy, followed by nuclear energy whereas coal and natural gas emerged as the two least favored types of energy. These results were consistent with the fact that Turkish society puts a strong emphasis on safety and environmental impact when evaluating energy resources, and wind and nuclear both are relatively safe and clean. Interestingly, coal, natural gas and hydro, which account for more than 85% of Turkey’s installed power capacity when combined, were ranked as the worst three energy resources. These results show that Turkish public is in favor of clean and safe energy resources, justifying the current national strategy of increasing the share of the renewable resources in the overall energy portfolio to 25% by 2023.
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