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Abstract. This paper proposes a waste heat recovery system that integrates a small-scale Organic Rankine Cycle (ORC) power
generation unit with an air compressor using lubricating oil. An innovative design directly connects the capacitor to the scroll
expander, replacing the traditional generator. Experimental results show that when the lubricating oil is at 105°C and the cooling
water at 19°C, the system achieves a maximum power output of 1.754 kW and a thermal-electric efficiency of 3.91%. Once the
lubricating oil flow rate exceeds a certain threshold, its impact on efficiency improvement becomes limited, whereas lowering the
cooling water temperature significantly enhances efficiency (3.91% at 19°C, dropping to 2.7% at 30°C). Increasing the capacitor
size allows a maximum power output of 1.667 kW and a thermal efficiency of 3.66%. This system offers an efficient solution for
recovering waste heat from industrial air compressors.
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1. Introduction

At present, the global issue of energy shortages is closely linked to climate and economic challenges. Countries around the world
are formulating policies and developing technologies to utilize medium- and low-grade waste heat, which accounts for more than
half of the total thermal energy [1, 2]. Due to technical and economic barriers, a significant amount of low-temperature waste heat
is still directly discharged during industrial processes without being recovered [3]. Therefore, the efficient utilization of low-
temperature waste heat has become a key approach to improving energy efficiency in industrial processes [4].

The Organic Rankine Cycle (ORC) power generation system has emerged as an effective technology for recovering low-
temperature waste heat, owing to its simple and compact structure, small scale, and ease of component assembly [5]. Numerous
scholars at home and abroad have conducted in-depth studies on the performance of ORC systems in industrial waste heat recovery.
Srivastava et al. [6], through multi-scenario evaluation, predicted the integrated energy-economic-environmental performance of
ORC systems at waste heat recovery sites and identified the optimal economic operating mode. Zhang et al. constructed a low-
temperature waste heat biomass combustion ORC cogeneration system [7], investigated the dynamic characteristics under step
changes in heat source temperature, and compared the economic and environmental benefits under different control strategies.
System performance analyses have shown that ORC technology has significant advantages in low-grade thermal energy recovery,
being suitable for both large-scale energy recovery projects and miniaturized systems.

Small-scale ORC systems are characterized by low investment costs, ease of installation and maintenance, and compact
structure [8]. Significant progress has been made in the research of system configurations for small-scale ORCs. Lei pointed out
that the operation of the circulation pump constrains the performance of small ORCs [9]; when the pump efficiency ranges between
11% and 23%, the system can convert 66.2-92.7 kW of thermal power into approximately 15.34 kW of electrical energy while
achieving optimal thermoelectric conversion efficiency. Zakeralhoseini developed a mobile waste heat recovery high-speed rotary
pump based on a small-scale ORC and confirmed that the novel pump could improve system thermal efficiency by 0.3% and
reduce the brake power ratio by nearly 50% [10]. Wronski et al. proposed a small-scale ORC system equipped with a rotary
variable valve timing intake valve, enabling real-time adjustment of the expansion ratio during expander operation [11]. The
dynamic model showed a maximum power output of 2.5 kW for the expander within a pressure ratio range of 10 to 16.5.
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