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Abstract [ Objective] The energy recovery device (ERD) is a crucial energy-saving equipment for seawater desalination, which
has been widely applied in water treatment fields such as seawater desalination, wastewater resource recovery, and reclaimed water

reuse. With the rapid development of energy recovery technology and the emergence of integrated plunger-type ERDs, the existing two
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standards [ Energy Recovery Device in Reverse Osmosis ( HY/T 108—2008 ), General Technical Specifications for Energy Recovery
Devices in Reverse Osmosis System( GB/T 30299—2013) ] can no longer fully cover the classification and performance evaluation of new
type of ERD. Especially in the calculation of energy conversion efficiency, the energy input of the external motor drive is ignored. This
leads to significant deficiencies in the existing standards when evaluating the current level of technological development and guiding
practical applications. There is an urgent need for revision and improvement to adapt to the new requirements of ERD technology
development. [ Methods]  This research systematically reviewed the development history of ERDs through bibliometric and patent
analysis, analyzed the technical characteristics and energy efficiency differences among turbine-type, work-exchange-type, and plunger-
type ERDs. It provided a detailed description of the types of work-exchange-type ERDs specified in the GB/T 30299—2013 standard,
highlighting key issues such as the absence of plunger-type ERDs in the current standard and the neglect of external motor drive energy
input in efficiency calculations. [ Results]  This research proposed a new classification method based on indirect and direct energy
conversion characteristics, improved the type description of work-exchange-type ERDs, and advocated for the urgent establishment of
an correlation between energy conversion efficiency indicators and parameters such as mechanical efficiency, hydraulic efficiency, and
volumetric efficiency to address the scientific inadequacy of energy conversion efficiency indice in the standard. Additionally, it
suggested introducing energy consumption per ton of water and considering the construction of a collaborative energy efficiency
evaluation system for ERDs, high-pressure pumps, reverse osmosis membranes, and pipe networks. [ Conclusion ] The proposed
classification system, efficiency calculation model, and system-level energy efficiency evaluation method covering new ERDs provide
theoretical support for the standardized development of seawater desalination technology and are of great significance for promoting the
standardization of energy recovery technology.
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