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Capacity optimization of low carbon energy systems based on multiple operating scenarios
and oxygen-enriched combustion capture technology
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Abstract: There is an issue of low utility rate of solar thermal power plants, high waste rate of wind power, and high
carbon emission of traditional gas-fired units and a limitation of "heat-dependent power" operation, etc. To tackle this,
there are the following actions to be taken: introducing oxygen-enriched combustion capture to retrofit conventional units,
configuring photothermal power plants with heat recovery to realize thermal electrolysis coupling, coupling high-temperature
solid oxide electrolysis cells and other energy conversion equipment to build an electricity-thermal- hydrogen low-carbon
energy system and its capacity optimization allocation method. First, considering the uncertainty of wind power output
and light intensity as well as the temporal correlation with electric load, a multi-run scenario extraction model based on
two-stage temporal clustering is established. Second, using probability-based multi-run scenarios, this paper measures the
risk caused by uncertainty through conditional value at risk (CVaR) theory, and constructs a low-carbon energy system
capacity optimization allocation model with the objective of minimizing the total cost. Finally, the simulation is validated
by an arithmetic example, and the results show that the system can reduce annual carbon emission and wind abandonment
rate and improve the utilization rate of CSP plants when meeting the load demand. It provides a quantitative basis for
decision makers with different risk preferences when facing the problem of system capacity optimization.
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Fig. 1 Structural diagram of low-carbon energy system
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Fig. 2 Internal energy flow diagram of CSP power plant
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Fig. 3 Energy flow diagram of oxy-fuel combustion
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Fig. 4 Multi-run scenario extraction flowchart based on

two-stage spatiotemporal clustering
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Table 2 Comparison of configuration results of each scenario
BEAE VED T2 TT#3 T4 UER Ji%E6 TR UEX UES)
WP/MW 204.66 93.00 129.12 114.66 176.22 155.52 75.96 60.60 121.88
CSP/MW 126.91 65.82 61.30 62.47 67.18 63.64 59.33 49.35 61.35
GB/MW 116.90 78.74 63.55 67.26 83.25 70.50 90.20 78.52 62.85
SOEC/MW 54.38 20.56 — 18.64 24.92 24.28 20.62 13.55 23.69
PEW/MW — — 29.23 — — — — — —
HST/m’ 43 875.63 13 530.93 20 355.83 13 530.93 21245.16 26 970.38 22305.51 6155.21 20 253.86
OST/m’ — 82 370.20 79 286.33 77 881.59 74 651.62 83932.15 82 824.36 33 756.40 77 299.70
EH/MW 38.57 — 28.36 34.25 65.00 50.50 23.57 13.27 40.65
HRU/MW 112.89 58.54 54.53 55.57 — — 52.77 43.89 54.57
ASUMW — 22.10 21.91 22.09 22.20 22.54 19.95 22.05 22.42
CPUMW — 3.69 3.67 3.75 3.74 3.74 3.30 3.65 3.74
PCC/MW 21.63 — — — — — — — —
HATHY/m® 2168351.33 1124234.69 911383.97 959631.04 1027684.66 1003013.19 895783.70 777541.35 1014 889.85
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