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Abstract
My country has abundant heavy oil resources, which are generally characterized by high gum content,
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high crude oil viscosity, and poor underground fluidity. When using traditional thermal recovery
technologies such as steam injection and steam drive, there are generally problems such as large
heatloss, high energy consumption, and high carbon emissions during the steam injection process.
Under the background of the “dual carbon” strategy, green and efficient heavy oil development tech-
nologies are advocated. This paper systematically investigates the application research of electric
heating technology in heavy oil thermal recovery. It elucidates the basic principles and core char-
acteristics of reservoir electric heating technology, and categorizes and analyzes the working prin-
ciples, performance advantages, and applicable scenarios of three types of technologies: resistance
heating, electromagnetic induction heating, and microwave heating. The differences between elec-
tric heating technology and traditional thermal recovery technologies are compared, highlighting
the significant advantages of electric heating technology in reservoir adaptability, thermal utiliza-
tion efficiency, and low-carbon environmental protection. Based on field application cases, the pa-
per analyzes the application differences and adaptation conditions of different electric heating tech-
nologies in different types of heavy oil reservoirs, and explores the influence of key parameters such
as heating power, heating temperature, reservoir geological conditions, and equipment perfor-
mance on development results. Furthermore, it summarizes the core issues of current electric heat-
ing technology in terms of equipment requirements, engineering implementation, and application
economy, and proposes targeted improvement measures such as technology optimization and cost
reduction. The research results can provide theoretical reference and practical support for the field
application and technological innovation of electric heating technology in heavy oil thermal recov-

ery.
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Figure 1. Schematic diagram of the working principle of reservoir electric heating equipment [1]
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Figure 2. Principle of downhole electric heating technology to improve steam dryness [15]
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Figure 3. Schematic diagram of downhole electromagnetic induction heating [7]
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Table 1. Estimated heating costs for electromagnetic heating [43]
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R IR R PR AT
FLREL I #A 60 Hz <0.1
SRS A <300 kHz <1
SRS A 0.3~300 MHz 5~10
(DENER >300 MHz >10
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