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Overview
Providing adequate energy for the world’s rising population, in the face of declining reserves of fossil fuels and looming climate change, is the arguably the greatest challenge of the 21st century. As an alternative, fusion, in principle, holds the promise of a long-term sustainable, economic and safe energy source for electricity generation given its relatively inexpensive fuel. The amount of radioactive waste produced from fusion devices is hundreds of times less than that from a fission reactor, the fusion process produces no long-lived radioactive waste, and it is impossible for any fusion reactor to undergo a large-scale runaway chain reaction [1].

While fusion energy is a promising technology, the long-term and uncertain characteristics of fusion R&D are vulnerable points for stakeholders and the public, who are interested in the question, ‘When will fusion save the earth?’ Though some researchers have forecast the period of penetration and the share of fusion in the power market of the future [2][3][4], the uncertainty and long-term characteristics associated with fusion make the reading of such forecasts unreliable. 

In this paper, a sensitivity analysis is conducted to examine the cost of market penetration of fusion power against the nuclear cost in the Korean power market. In doing this, we avoid the risk of an uncertain simulation result with an uncertain fusion cost and instead examine the level of cost that enables fusion power to enter the power market. 

Methods
The Market Allocation (MARKAL) model is used in the sensitivity analysis of the market penetration of fusion power. MARKAL is a data-driven energy-economic model that is used by over 250 institutions in 70 countries. The user specifies the energy system structure, including the resource supplies, energy conversion technologies, end-use energy service demands as well as the technologies needed to satisfy these demands. The user must also provide data to characterize individual technologies and resources, including their fixed and variable costs, availability, performance attributes, and pollutant emission statistics. MARKAL then provides a least-cost combination of technologies to satisfy the given demand [5]. Using published cost and performance data from systems studies, the fusion technology is characterized within the MARKAL framework until year 2050.
Fusion power has great potential as a future technology. Some experts expect that fusion power become commercially available after late 2030s or early 2040s, according to the most challenging plan. No experience related to its construction or operation has been acquired thus far. [2] Previous studies of MARKAL on the market penetration of fusion power [2][3][4] applied the technology data of fusion energy in a conceptual study of a pilot plant in what was termed a DEMO study. However, these data imply inherent uncertainty, especially taking into account the relative cost variation of other generation technologies. Thus, it’s better to set the fusion-related cost against the percentage variation of the other generation cost(i.e. nuclear). A sensitivity analysis was conducted for certain ranges of fusion generation costs.

Results
The initial results indicate that fusion power penetrates into the Korean electricity market, if the generation cost of fusion is less than 114% of the nuclear generation cost. In other words, if the genetation cos of fusion power is higher than 114% of the cost of nuclear power, a commercial fusion power plant cannot be adopted in the electricity market. The simulation results shows that maximum rate of fusion power will account for more than 10% of the electricity generation in 2050.

Conclusions

In this paper, cost range of electricity market penetration of the fusion is examined with a sensitivity analysis using the MARKAL model with the Korean power sector. A certain cost range of fusion power leads to economic competitiveness. In addition, a minimum share of fusion power generates a significant amount of electricity as the base load in 2050. The cost of nuclear power is assumed constant for all simulation periods, it needs further study of the cost variation of power generation. 
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