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ABSTRACT: In the context of carbon market price risk, it is
urgent to quantify the risk of carbon market volatility and
formulate corresponding low-carbon operation strategies for
energy systems to reduce operation costs and carbon emissions.
A low-carbon optimal dispatching model for integrated
electricity-gas energy system (IEGS) considering carbon price
risk with carbon capture utilization and storage system (CCUS)
and power to gas (P2G) synergistic operation is proposed. First,
the generalized auto regressive conditional heteroskedasticity
model is used to predict the carbon price on the next trading
day, and the conditional value at risk model is used to measure
the risk of price fluctuations to provide a carbon price basis for
IEGS. Then, the CCUS-P2G operation framework is
introduced. The CO, captured by the carbon capture unit is
used as the raw material for P2G conversion, and the curtailed
wind power is used to produce natural gas by P2G units during
the load valley period. The optimal scheduling model is
established to minimize the operation cost and risk of carbon
trading. Finally, simulations are conducted in an IEGS
composed of an improved IEEE 24-bus system and a natural
gas 6-node system. The results demonstrate that the proposed
scheduling model can accurately measure the risk during the
fluctuation period of the carbon market and increase the
renewable energy consumption of the IEGS, and thus achieve

reductions in total operation costs and carbon emissions.
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Fig. 1 Probability distribution of carbon market returns
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Table 2 Errors in carbon price forecasts

RE Wit 4-1 Wit 4-2 Wit 4-3
MAE 6.6420 2.5090 0.0011
RMSE 7.7150 3.4802 0.0027
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Table 3 Errors in total operation costs

R7E Y5t 4-1 Y5t 4-2 Y5t 4-3
MAE 13341 5403 637.75
RMSE 16030 7953 1754
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In the context of carbon market price risk, it is trading cost and risk. The IEGS architecture with
urgent to quantify the risk of carbon market volatility CCUS-P2G operation is shown in Fig. 1.
and formulate corresponding low-carbon operation
strategies for energy systems to reduce operation costs
and carbon emissions.
A low-carbon optimal dispatching model for
integrated  electricity-gas energy system (IEGS)
considering carbon price risk with carbon -capture
utilization and storage system (CCUS) and power to gas

(P2G) synergistic operation is proposed. A GARCH-
) ) . Fig. 1 AIEGS architecture with CCUS-P2G operation
CVaR model is proposed to predict the carbon price on

Results show that CCUS-P2G operation mode can
the next trading day and measure the risk of price
effectively improve the utilization rate of wind power
fluctuations to provide a carbon price basis for IEGS.

during the load wvalley period, and improve the

2 2 2 2 2
o, =a,taE  tta gl Y0, Y00, (D

where p is the autoregressive order of &’ and ¢ is the operation economy and flexibility of IEGS.

autoregressive order of o~ . Compared with the method using the stepped

b i del and th i b ket
Then, a CCUS-P2G operation framework is carbon price model an © Previous carbon matke

price to formulate the dispatch plan, the proposed
introduced. The CO, captured by the carbon capture unit ) o
carbon price prediction model based on GARCH has

is used as the raw material for P2G conversion, and the .. . .
the smallest prediction error, which can avoid the loss

curtailed wind power is used to produce natural gas by of carbon trading during the market fluctuation period.
the P2G during the load valley period. The optimal Thus the validity of the carbon price prediction model
scheduling model is established with the objective of can be confirmed.

minimizing the operation cost and risk of carbon trading. As the decision-making attitude of IEGS operators

minZT: (C. 4 C,4+C. +Crs+ Con +Con ) (2) tends to be conservative and the predicted carbon price

= rises, IEGS operators hedge their trading losses by
where  Ce represents the energy supply cost; Cy reducing the volume traded in the next-day carbon
represents the reserve cost; C. represents the penal cost allowance market, which validates the effectiveness of
of wind and PV curtailment; Cccys and Cpyg represent the GARCH-CVaR model proposed in this paper for

the cost of CCUS and P2G; Cuon represents the carbon risk prediction.
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