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Abstract — A mathematical program is proposed for optimization of process industry’s carbon offsetting, and applied to
prediction of carbon reduction effectiveness of EU-ETS and K-ETS. Case study indicates that EU-ETS shows high
performance in reduction effect owing to high carbon prices, but entails significant accumulation of allowances. As
allowances are potential emissions, this means that EU-ETS is moving toward insecure carbon neutrality. K-ETS fails to
show a reduction effect, if the carbon price is assumed to increase just according to the current trend. However, if K-ETS
is operated according to the stated policies scenario, its 2030 status is predicted to get close to half of EU-ETS in terms of
both carbon price and reduction effect. Therefore, the future K-ETS is expected to be able to show a moderate reduction
effect, appropriately managing the carbon price and allowance holdings. The result of this study indicates that the
effectiveness of ETS depends on the carbon price over the reduction cost, and thus in order to economically improve it,
governmental policies are required to lower the reduction cost. The proposed optimization model is expected to be also
applicable to optimal planning of a company’s approach to net zero emissions.
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Fig. 1. Carbon (solid) and credit (dashed) flow model.
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yi: discount factor for the i-th year
ri: carbon tax rate for emissions in the i-th year
q;: emissions in the i-th year
¢;: average cost of reduction in the i-th year
pf, pl: average price of carbon credits in the i-th year
xf{, x!': allowance for the i-th year
i, y': carbon credits bought in the i-th year
zf, z}': carbon credits sold in the i-th year
qf, q!': carbon credits consumed in the i-th year
hf, h!: carbon credit balance at the end of the i-th year
;. decrease in allowance for the i-th year
o;: potential additional reduction in the i-th year

f;: available allowance in the i-th year
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g;: allowed voluntary offset fraction for the i-th year
A;: base carryover limit for the i-th year
k;: additional carryover limit factor for the i-th year
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Table 1. Parameter values for case study
P ps )2 ps & A Ki
EU-ETS 1.10 1.75 0.11 0.25 0 © 0
K-ETS stated 0.20 0.70 0.11 0.25 0.05 0 5
K-ETS status quo 0.11 0.25 0.11 0.25 0.05 0 5
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Fig. 2. Predicted emissions for different ETS policies.
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Fig. 3. Predicted allowance holdings for different ETS policies.
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Table 2. Predicted final states of case study
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Total cost Holdings Emissions Reduction (%)
EU-ETS 0.598 0.091 0.750 100
K-ETS stated 0.377 0 0.884 46.5
K-ETS status quo 0.126 0 1 0
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