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Abstract

To address the issues of regenerative energy waste caused by periodic gravitational loads of
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pumping units, as well as the structural complexity and high cost of conventional energy storage
solutions, this paper proposes a simplified supercapacitor application scheme withouta DC/DC con-
verter. In this scheme, a supercapacitor module is directly connected in parallel to the DC bus of the
pumping unit’s variable frequency drive (VFD), enabling local recovery of braking energy during
the downstroke and instantaneous energy release during the upstroke. This approach simplifies
the system architecture while achieving energy-saving objectives. Pilot verification at a single coal-
bed methane (CBM) well demonstrates that this simplified system achieves an average charge-dis-
charge efficiency exceeding 95% and a daily average energy saving rate of over 10% for the pump-
ing unit. The system has operated continuously and stably for one year without any failure, confirm-
ing the feasibility, economy, and engineering practicality of this simplified scheme. It provides a
low-cost, easy-to-implement new pathway for energy-saving retrofitting of pumping units in oil-
fields.
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Figure 1. Operation characteristic curves of model 6 beam pumping unit at 5 strokes per minute
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Figure 2. Measured reverse power generation curves of Model 8 pumping unit at 4 SPM
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Figure 3. Schematic diagram of DC bus architecture with supercapacitor directly coupled to frequency converter
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Table 1. Partial recorded data of energy-saving operation with supercapacitor for Well Yi 3-1
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