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Overview

This work explains essential portfolio theory insights and applications for electricity egenration in an oil & gas producing country and in our case Iran. We will illustrate how different electricity generation mixes can be influenced by additional share of non-fossil-fueled (nuclear and renewable) sources. In comparison to the fossil dominated electricity mixes, efficient power generation portfolios can dramatically reduce the generation costs while containing larger decarbonized shares in the mix. The optimal results for the Iranian generation mix demonstrate that compared to the fossil-based mixes, there exist many generating mix structures with larger non-fossil shares (both nuclear & renewable) at equal or even lower expected costs and risks. Moreover, if we also take into consideration the export revenues of released fossil fuels (opportunity cost of fuels) this conclusion becomes even more affirmative.
Methods

(Markovitz Mean-Variance Portfolio)

Energy planning can be characterized as an investment-decision problem. Investors use many different methods for treating such problems. One of the most common methods is based on the Markowitz's portfolio theory by which investors try to manage risk and maximize their portfolio performance under variety of volatile economic outcomes. Energy planners and policy makers can similarly abandon their reliance on traditional minimized-cost detached technology cost estimates and instead apply portfolio optimization methods. By doing so, they can evaluate both conventional (fossil & nuclear) and renewable energy sources based on their portfolio cost. In other words, optimizing the costs of their portfolio relative to the risk associated to each mix of generating asset.

In 1976, Bar-Lev and Katz applied mean variance portfolio theory to fossil fuel supply for US electric utilities. Humphreys and McClain (1998) also used portfolio theory to propose the most optimal energy mix in the USA to reduce risks associated with unanticipated energy price shocks. Awerbuch and Berger (2003) attempt to determine the optimal European technology mix, taking into account not only fuel price risk but also construction period risks and operation and maintenance risks. They found that EU-2010 mix is coupled with higher rate of risk and return compare to EU-2000 generation mix.  Jansen et al. (2006) use portfolio approach for analyzing the electricity generation mix of Netherlands. Their study concentrates on fuel price uncertainty and is based on generation costs. They conclude that more divers production portfolios are generally associated with lower risks for the same amount of returns. Especially those which contain more fixed-cost renewables and nuclear which have a low covariance with the fossil-fuel technologies’ costs. Our methodology is similar in a sence that we also analyse a national generation mix and our analysis are based on generation costs for each power unit. However, our focus is less on the fuel price volatility and more on the real international prices of fuels in the markets (based on their opportunity costs) and not domestic subsidies.
Results

Our portfolio model analysis reflects the cost inter-relationship (co-variances) among generating alternatives and their impact on the final portfolio costs and risks. Moreover, the results illustrates that the typical Iran gas & fuel generating portfolio offers little diversification.  While it may insulate from random risk, such as Iranian nuclear issues, it provides little insulation from the systematic risk of oil and gas price movements, which have historically been highly correlated.

Conclusions

The Markowitz portfolio framework offers solutions that enhance energy diversity and security and are therefore considerably more robust than arbitrarily mixing technology alternatives.  Given the high degree of uncertainty about future energy prices, the relative value of generating technologies must be determined not by evaluating alternative resources, but by evaluating alternative resource portfolios.  Energy analysts and policy makers face a future that is technologically, institutionally and politically complex and uncertain.  In this environment, Markowitz portfolio techniques help establish renewables targets and portfolio standards that make economic sense.
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