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Abstract – New technology to the deeper offshore areas and to the exploitation of deep offshore reserves 

and deep offshore reserves must offer safe, economically viable and ecologically acceptable solutions to 

increase oil and gas recoveries. The use of electricity in downhole applications has shown to be beneficial. 

This article discusses the advantages of electrical machines in downhole applications that are already 

available or developing. For downhole applications, permanent magnet devices are mostly used.   
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I. INTRODUCTION 

In the coming decades, many of the growth in gas and 

oil output will come from two sources: expanding 

older fields and developing deep and ultra-deep water 

stock or reservoirs [1]-[3]. Currently, the production 

in ageing is gradually declining and the fields will be 

constantly closed if new technologies and facilities 

are not applied to better recovery and less costly 

management and care [4]. The price of preferred 

constant or buoyant processing provision for deep 

offshore gas & oil deposits, that are presently broadly 

used, skyrockets. As a result, the development of 

many deep-water resources may be uneconomical. 

Topside processing through methods of transfer or 

onshore to downhole, may typically improve 

production and treatment performance, even if 

environmental impacts are reduced [5]-[6]. 

Pressurized gas, mechanical roll connection, 

hydraulic and electrical systems are genuinely 

utilized to strength downhole packages from the top 

[7]-[8].  Deep wells, particularly deep-water offshore 

wells, have proved to be potential for electrically 

bottom-driven downhole applications, which are 

currently being exploited [9]. The benefits of 

electrical machines in currently extant and 

developing downhole applications, as well as the 

brand new fashion for electrical downhole machines, 

are mentioned in this research. 

II. USE OF ELECTRICAL MACHINES IN DOWNHOLE 

A. Subsurface Valve (SSV) 

The contemporary electro-hydraulic SSVs and 

hydraulic SSVs in addition to rising electric 

powered cable subsurface valves and destiny cable-

free electric powered SSVs as shown in Fig 1. Two 

hydraulic lines are required for every valve. Simple 

and easy valve designs & well-proven technology & 

methodology are advantages of this method [10]. 

The primary issue is that lengthy hydraulic lines 

have a poor reaction time [11]. An electro-hydraulic 

device can circumvent these dangers by utilizing 

electric indications or signals to change signal 
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pressure supply to shuttle control valves, therefore 

starting hydraulic strength to carry out the operation 

of the device. This technique increases reliability, 

shortens the reaction time and reduces the necessary 

number of lines compared to only hydraulic 

systems. SSV constructions are seeking for 

hydraulic as well as electrical units (HPU) [12]. A 

large amount of top space is needed for the 

hydraulic power unit (HPU), which is crucial for 

offshore applications. Moreover, because of high 

fluid leaking rates, non-hydraulic lines ran between 

the surface and the control settings often fail, but 

they also cost a great deal to install. As Fig. 1, 1 c 

and d demonstrate. High-torque electrical motors 

are used to drive the valves, resulting in faster 

reaction times and a large volume of the HPU at the 

top. (The pipes are utilized for transportation signals 

and power during the development of electronic 

cable and cable less electric SSVs. Electric SSVs 

provide a number of advantages [13]: 

• Mechanical strength, tension or compression in 

the tube should not be involved in operating the 

valve. 

• The valve, independent of tube or wellbore 

pressure, may move in any position whether the 

tube is under stress or compression.   

 
Fig. 1. SSV technologies [14]. 

B. Progressing Cavity Pumps and Driving Rod 

Pumps 

Production of petroleum by means of a surface 

motor through a long flexible stain system has long 

been acknowledged as inefficient, utilizing sucker 

rod pumps or progressive cavity (PCs) [15]-[16]. 

Pumps and the rod that links them to the downhole 

pump are not only expensive, but the rod grinds 

against the tubing in several places & breaks 

frequently since most wells are not precisely 

"straight." The above-described disadvantages may 

readily be solved by employing downhole electric 

linear motors to drive rotary pumps and rotating 

electric motors to drive progressing cavity pumps. 

Electrically mounted pumps not only take away the 

problem of rod breaks and reduce tube wear 

significantly, they also improve production by 

avoiding the necessity of connections, centralizers 

and rod strings that surface-mounted pumps require 

[17]. Fig 2 shows the schematic diagram of PC 

Pump. The tube flow loss simulated for a 

progressive PCP and a PCP rod-based electrical 

divergent pump is illustrated in Fig. 3.  

 

 

 

 

 

 

 

 

Fig 2: Schematic diagram of PC Pump. 

 

Fig. 3. Tubing flow losses [18]. 
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C. Driving Downhole Gas Compressors 

The goal of the Downhole Gas Compressors is to 

improve the gas pressure by placing a compressor in 

proximity to the gas tank source [19]. In addition to 

normal centralized gas compression, this can lead to 

considerable savings in hydrocarbon recovery. A 

software simulation graph for prospective downhole 

gas compression output improvements [20] is 

presented in Fig. 5. For these applications, shaft 

speeds of 5,000 to 20,000 rpm are needed, far more 

rapidly than the rated rates of conventional 

induction motors (IM). Standard electric motors 

should be connected to a speed-growing gearbox to 

achieve application speed.  This is also a difficulty 

since building a dependable gearbox in such a small 

borehole diameter is both difficult and costly. A 

high-speed PM motor was built and tests for 

downhole gas compressors were carried out for the 

removal of the gearbox system, as illustrated in Fig. 

8. 

Some of the advantages of a PM-powered 

compressor [21] are: 

• More compact  

• Improved dependability  

• Improved output 

 

D. Drilling Motor 

In many boiling services, positive displacement 

motors supply downhole power (PDMs). The PDMs 

are, on the contrary, disadvantaged, including short 

motor life, negative overall high-temperature 

performance, and limited drilling materials, so the 

fluid programmer has to be compromise between 

boiling and training requirements [22]. Boiler and 

training requirements. This reduces the efficiency of 

PDMs in many cases, whereas an electric drilling 

engine is a more efficient and reliable option. The 

two types of PM boilers [23]-[24]. 

 

 

 

 

 

Fig. 4. Downhole Drilling Motor

 

Fig. 5. Downhole gas compression potential to enhance yield 

[25]. 

Electrical drilling has a number of advantages [26]-

[27]: 

• Increment in the dependability of drilling motor 

increases the period between drilling string 

failures & lowers drilling expenses. 

• A direct control operator shall keep the drilling 

bit speed independent of the flow rate of fluid, 

therefore enhancing the control and flexibility of 

the Bottom Box assemblies. 

• Suitable for a greater variety of drilling 

circumstances, especially for deep-water 

activity. Electrical engines, like energy-efficient 

fluids, can use different boiler media than 

PDMs. 

• This makes it excellent for aggressively 

underbalanced drilling and in deep-water 

operations. Electrical motors, as opposed to 

PDMs, can drill with a larger variety of drilling 

media, including electrified fluids. Electrical 

motors are suitable for vigorous under-balanced 

drilling and deep-water activities because of 

this. 
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• With new materials, electrical motors may 

withstand temperatures of up to 200°C. 

• A higher penetration rate is possible. 

E. Downhole Generator 

Batteries, usually lithium-ion batteries with a limit 

of 180°C [28], provide the most downhole 

equipment today. The instrumented BHA is 

essential for very deep wells, but battery life and 

greater downhole temperatures limit its utilization. 

The most feasible and promising approach to power 

smart downhole in high-temperature conditions is to 

have the turbine generator, which uses the hydraulic 

energy to transfer rotor electricity through electrical 

generators (HPHT) [29].  Power supplied by an 

HTHP downhole generator has the following 

advantages [30]: 

 

• Reliable in HTHP configuration. 

• Deep well suitable. 

F. Intervention Tools 

Aside from the uses listed above, electrical motors 

can be used in conjunction with a variety of other 

downhole intervention instruments [31]. Typically, 

these electric motors have a smaller power range but 

a high yield torque, and their properties are highly 

depending on the application. 

III. STANDARD INDUCTION DOWNHOLE 

MACHINES 

Due to the difficult environment and the excessive 

costs of the replacement of failure in offshore down-

holed applications, a strong or robust structure and 

the remarkable reliability of the electrical downhole 

device should be available. The three-phase squirrel 

cage induction motor (IM) is now the standard 

electric downhole motor, due to its high reliability, 

durability and easy production. Fig 6 shows the 

building of a common downhole induction multi-

rotor motor. The stator is wrapped as a single unit, 

to match the slender construction, but the rotor 

consists of a large number of electrically distinct 

rotors and there are bearings between them. Oil-

filled downhole engines are frequent and the low 

compressibility of the oil enable them to resist 

strong external downhole pressure. It also provides 

bearing lubrication as well as an effective heat 

transmission for radially external loss dissipation 

via the motor case. The outside diameter often 

ranges from 100 mm to 300 mm and the length is 

normally from 5 to 10 m, although it can reach up to 

20 meters or more. The most usual power supply is 

from 40 to 200 kW. More power may be acquired 

by adding more motors. Typically, operating 

temperatures are limited to 180°C, however some 

properly constructed engines may handle 

temperatures up to 218°C. Their efficiency ranges 

from 70 percent to 89 percent for high-speed 

applications, and from 60 percent to 73 percent for 

low-speed, high-torque applications (see Table 1). 

Induction motors, on the other hand, are unsuitable 

to low-speed and high-torque applications, such as 

driving PCPs. As a result, most modern systems use 

a gearbox to match the motor's normal running 

speed and torque to the characteristics of the pump. 

Not only is the reintroduced gear system more 

expensive and complex to produce, but it also 

decreases the system's overall efficiency. 

IV. CURRENT NEW DOWNHOLE MACHINES 

The machines used in the past to replace 

conventional machines in industrial applications 

have almost the same strength and reliability as 

standard induction motors, but higher efficiencies, 

higher torque    densities, smaller volumes, but few 

were developed for downhole high and high 

temperature (HPT) applications because of PM 

materials [32]. The oil and gas industries are 

increasingly interested in creating PM machines for 

down-hole applications through the development of 

advanced technologies with the usage of high 

temperature magnets. According to the research 

[33], PM downhole engines consume 23% less 

energy on average than IMs. Table 1 demonstrates 

that the efficacy of PM motors in high-speed 

applications is considerably higher than in IMs, with 

91-9 3% and 85%-89% in high torque applications. 

Furthermore, PM motors may produce strong torque 

across the whole operating range, including start-up. 

A brushless PMDC downhole motor is shown in Fig 

7. Its speed is controlled by the top-side adjustment 

of the DC current without VSD. As a consequence, 

this sort of engine serves mostly onshore 

applications.  
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Table 1. Comparison of the Efficiency of 

Downhole Motors 

Company Motor 

Type 

Efficiency Application 

Borets IM 77-85% Driving 

ESP 

Borets IM 60-73% Driving 

PCP 

Woodgroup IM 70-89% Driving 

ESP 

Borets PMDC 91-93% Driving 

ESP 

Borets PMDC 85-89% Driving 

PCP 

(Research) PMSM 95% Driving 

PCP 

(Research) PMSM 92%  

 

                

Fig. 6. Typical construction of a multi-rotor induction engine 

[34].  

 

Fig. 7. A PMDC downhole engine/motor [35]. 

Down-holes for the synchronous magnet permanent 

magnet (PMSM) and the magnet brushless 

permanent (BLDC) machine have become popular 

as a result of enhancements in VSD technology [36]. 

A high torque, BLDC capable of withstanding 

temperatures up to 230°C has been designed and 

tested for electro-boiling [23]-[24]. The engine has 

a length of 2.7 and a diameter of 80 m. The torque 

is 420 Nm and its highest output is around 20 kW. 

A high speed brushless downhole gas compression 

DC engine is presented in Fig 8 [20]. The 10-pol 

PMSM installed inside is displayed for driving 

PCPs in Fig 9. In [37], the PM machine for 

downhole applications have a lot of potential, but it's 

still in its early stages. 

 

Fig 8: A BLDC downhole motor with a high speed [20]. 

 

Fig. 9. A downhole PMSM [37]. 
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Table 2: Short Overview of the Downhole Electrical Driven 

Pumps and their advantages 

Motor Advantages 

Electric SSVs 

• Quick reaction time and fewer 

transmission lines 

• More efficient systems with 

less upkeep. 

• It is more environmentally 

friendly. 

Electrically 

Bottom-Driven 

Pumps 

• Eliminate the rod 

breakage issue and 

drastically minimize tube 

wear.  

• Increase the production 

PM Motor Driven 

Compressor 

• More compact. 

• Increased reliability. 

•  Increased production. 

Electrical Drilling 

• With new materials, 

electrical motors may 

withstand temperatures of 

up to 200°C.  

• A higher penetration rate. 
Power Supply from a 

HTHP Downhole 

Generator 

• Suitable for deep wells 

and more dependable in 

HTHP environments. 
Standard Induction 
Downhole Motors 

• High level of dependability. 

• Stability & simplicity.  

PM Machines 

• Same robustness and 
dependability as 
traditional induction 
motors  

• Higher efficiency 

• Higher torque density 

• Smaller volumes 

V. CONCLUSION 

The advantages of electrical machines in downhole 

applications were discussed in this study. Downhole 

electrification provides a number of advantages, 

notably for deep-water offshore reserves, which are 

now being exploited by the oil and gas sectors. 

Standard electrical downhole motors are inefficient 

in terms of energy consumption. For downhole 

applications, the PM motor has become the norm. 
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