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Fig. 1 Structure diagram of the biogas cogeneration system of the breeding farm
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Fig. 2 Daily biogas production simulated by model
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Fig.3 Simulation diagram of biogas cogeneration system considering rainfall
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Fig. 8 Dailymnet income corresponding to different biogas
consumption of the generator under various daily feed
conditions
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Table 3. The optimal amount of biogas used in generators and
the corresponding optimal daily net income under
various daily feed conditions

HilbkHm®  RRAURERA MM SR oo
1000 14100 14 181.23
1050 15 000 15 891.76
1100 15 800 17 412.23
1150 16 300 18 362.52
1200 16 300 18 362.52
1250 16 300 18 362.52
1300 16 300 18 362.52
1350 16 300 18 362.52
1 400 16 300 18 362.52
1450 16 300 18 362.52
1500 16 300 18 362.52
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Abstract To address the issue of deviation between theoretical and actual values of anaerobic fermentation
biogas production caused by heavy rainfall in summer, a simulation model of biogas cogeneration system in a
dairy farm considering rainfall is constructed. The simulation model is then used to calculate and analyze the
deviation between the daily net income of the system when rainfall is considered or not. The reasonable
allocation of biogas between the power generation unit and biogas boiler in January is explored to improve
economic benefits. Firstly, based on the actual on-site energy flow relationship, mathematical models of
anaerobic fermentation tanks, biogas purification device, gas storage tank, internal combustion engine generator
sets, cylinder liner water heat exchangers, biogas boiler, and heat storage water tank were established. Secondly,
considering the impact of heavy rainfall on the concentration and density of feed liquid, a rainfall model is
established to better match the simulated and actual values of daily biogas production during the rainy season.
Then, based on the system simulation model, a daily net income model is established to simulate the daily net
income of the system with and without considering rainfall, and compare the simulation results with the actual
daily net income. Finally, the daily net income model is used to calculate the daily net income corresponding to
different biogas consumption of the power generation unit under different daily feed conditions, in order to
determine the optimal biogas usage rates of the power generation unit under various feed conditions. The
simulation model of biogas cogeneration system was verified by using the actual operation data of the farm in
2020, and the linear regression coefficient of determination between the simulation value and the actual value of
daily biogas production increased from 0.66 to 0.73 after incorporating the rainfall model. The linear regression
coefficient of determination between the simulated value and the actual value of daily electricity generation was
0.7. The accuracy of the simulated daily net income after considering rainfall was greatly improved The
simulation results demonstrated the effectiveness of the established model in simulating and analyzing the
process flow of the biogas cogeneration system. The model can guide the implementation of optimal scheduling,
control planning of the cogeneration system.

Keywords  biogas cogeneration system for dairy farms; simulation; anaerobic fermentation; rainfall;
economic benefits
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