Evaluating carbon capture ready investment under uncertainty based on a multi-stage decision model
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Overview

Carbon capture and storage (CCS) is a critical technology to realize large-scale CO2 emission abatement in the electricity sector. However, CCS investment seems not to be viable in current stage and short-term future because of the high cost and high risk. In this situation, many new fossil fuel power plants would be built without option for CO2 abatement, and a large amount of CO2 emission to the atmosphere would be locked-in. As a potential solution, carbon capture ready power plant (CCR plant) therefore comes into being. A CCR plant can be retrofitted with CO2 capture when the necessary regulatory or economic drivers are in place at a later date. A CCR plant would have a higher initial capital cost than a conventional plant without CCR (No-CCR plant) but would cost less to be retrofit with carbon capture equipment. In addition, the current plant type choice decision would be closely related to the future investment and operation decision, all of which would be affected by future uncertainties. More specifically, a newly-built power plant investment needs to be seen as a three-stage decision problem: current decision on power plant type choice-CCR plant or No-CCR plant, CCS retrofit decision on whether and when to implement the retrofit in the sequential stage, and CCS operation decision on whether to suspend CO2 capture in each period in the third stage. In addition, the plant manager has the option to permanently shut down the plant in each stage if the manager expected that ongoing operation of the plant would lead to loss. Faced with future uncertainties, what type of plant to choose in current stage, and critical factors affecting this decision are explored.
Methods

A multi-stage decision model under multiple uncertainties was built. In this model, we use non-stationary stochastic process to depict the future uncertainties, and the plant type choice option, CCS retrofit timing flexibility, and especially the CCS operation flexibility are incorporated based on real option theory. Then least squares Monte Carlo (LSM) simulation methods were employed to solve the model.
Results
The factors affecting power plant type choice decision were explored. High carbon price, low electricity price, and early implementation of a CO2 emission regulation (e.g. emission trading scheme) would promote CCR plant investment, while high carbon price risk and high CCS learning rate would restrain current CCR investment. 
CCS operation flexibility has a siginificant effect on the plant type choice decision, and negelecting this flexibility would overestimate the viability of CCR investment.

Critical carbon price to support CCR plant investment under different scenarios were obtained, and the carbon price needed is still high. 
Conclusions

Although CCR can make the power plant avoid the lock-in risk, CCR plant seems not to be economically viable currently. Plant type choice decision would be affected by many factors, and to promote CCR palnt investment, early implementation of a CO2 emission regualtion,  maintaining high carbon price,  reducing carbon price risk and CCS operation cost are necessary. Wile learning effect of CCS technology would decrease CCS capital cost, it will restrain the CCR investment, and we should make a trade off between CCR investment and CCS R&D investment.
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