Uplifting
times for coal bed methane
K. C. Chen, Upwing Energy, USA, discusses how new artificial lift
technology can help coal bed methane gain market traction.

C

oal bed methane (CBM) is gaining market
traction as coal production declines. Today’s
US$12.5 billion CBM market is expected to climb
to US$17.3 billion by 2020 as more of the estimated
9000 trillion ft3 of global resources come into production.
Key production regions will be North America, Europe and
Asia Pacific.
CBM reservoirs are continuous unconventional
hydrocarbon accumulations that contain gas entrapped
by adsorption on organic macerals in coal seams. In
some accumulations, a portion of the CBM is stored as
free gas in micropores and fractures or as solution gas in
groundwater. CBM traps are regional in scale and contain
giant in-place hydrocarbon volumes.
The non-linear relationship between the pressure
and gas storage capacity of CBM has a major impact on
ultimate gas recovery. Desorption is the primary storage
mechanism in CBM reservoirs. The volume of adsorbed
gas is much larger than the volume of gas stored in the
open pore space. The absorbed gas requires the lowest
possible reservoir pressure to reduce the molecular bond
to organics and transfer adsorbed gas into the fracture
system.

Limitations of current downhole
artificial lifts

Conventional artificial lift methods, such as positive
and dynamic displacement pumps, add energy to the
flow stream by transmitting power downhole through
electric cables, reciprocating or rotating drive rods,
or high-pressure hydraulic fluid. Other artificial lift
methods, such as gas lift, surfactants and demulsifiers,
modify density, viscosity, surface tension or other
physical characteristics of the produced fluids. These
artificial lift techniques, however, have limitations for
CBM production, which requires the lowest bottomhole
pressures possible.
To overcome the limitations of conventional systems,
Upwing Energy has developed an artificial lift technology
that both adds external energy to the system and changes

the physical properties, such as density, of the produced
fluids. The company’s subsurface compressor system
(SCS) is a reliable, robust, and cost-effective downhole
solution, which creates a suction effect at the compressor
inlet at the bottom of the wellbore, thus lowering the
bottomhole flowing pressure and increasing the gas
velocities. This drawdown actively induces more gas flow
from the formation to wellbore.
The SCS is based on magnetic technologies that
have been developed and deployed in a wide range of
industrial applications by Upwing’s parent company
Calnetix Technologies. The hermetically sealed SCS
motor unit and five-axis fully levitated compressor unit
are designed for reliable performance in the harshest
downhole environments, reducing the major failure
points in conventional artificial lift systems, including
rotary seals, motor oil, pressure compensating bags or
labyrinth chambers and mechanical bearings.

Designed for downhole reliability

The major components of the SCS are shown in Figure 1.
The downhole portion consists of three major modules.
They are the motor unit, the bearing unit, and the
hydraulic unit.
The ‘protector-less’ permanent magnet motor is
the prime mover of the subsurface compressor, with a
rotation speed of 50 000 rpm. The motor is filled with
low-pressure inert gas and hermetically sealed from the
downhole environment by a sealing can with non-rotating
seals and welds. This design removes the motor protector,
which is a primary failure point in conventional electric
submersible pumps (ESPs), in which downhole fluids and
debris can get into the motor unit causing electrical or
contact bearing failures.
A key element of the protector-less design is the use
of magnetic couplings to transmit the torque from the
motor to the hydraulics section, through the sealing can.
This removes the need for a mechanical shaft between
the motor and hydraulic unit. Since there is no direct
connection from the motor to the pump or compressor,

there is no need to have rotary seals and dielectric oil to isolate the motor
from downhole fluids, and the motor protector becomes unnecessary.
The bearing unit is connected to the top of the motor unit. It contains
active magnetic thrust bearings and passive magnetic radial bearings to
support the loads from the hydraulic unit.
The hydraulic unit houses the gas compressor, which decreases
downhole flowing pressure dynamically at the compressor intake, creating
a suction effect close to the reservoir. The compressor’s robust design is
ideally suited for the corrosive and erosive conditions of multi-phase gas
streams in CBM wells.
The sensorless wide-frequency variable speed drive (VSD) is located
at the surface. The VSD is optimised specifically for high-speed permanent
magnet motors, enabling increased efficiency and a broader operating
range.
The magnetic bearing controller is also located on the surface. It
includes an autonomous intelligent control system that provides real
time optimisation of the motor and magnetic bearings without the need
for human intervention. The controller also enables the SCS to conduct
diagnostic and prognostic capabilities to characterise the reservoir and
ensure continued operation in case of external disturbances.

Enabling technologies

Key enabling technologies in the SCS are the active magnetic thrust
bearing, passive magnetic radial bearings, high-speed permanent magnet
motor, and magnetic coupling. Mechanical bearings, while often used in
rotating turbomachinery in controlled environments, are unsatisfactory
for the downhole environment, which is subject to constant changes,
consequently affecting bearing operating conditions. Lack of control over
the bearing operation in this volatile environment and contact failures over
time limit the life of mechanical bearings.
Magnetic bearings have proven their reliability and availability in
topside oil and gas applications, as well as demanding subsea operations.
With this in mind, Upwing Energy are now bringing this technology to
downhole applications.
Active magnetic bearings provide support to the thrust loads in the
compressor. With no physical contact and no lubrication needed, the
bearing has a long operational life with zero friction and no efficiency
loss. The electric coils used to control the axial magnetic flux/force
are hermetically sealed and isolated from the environment. There is
no physical contact between the stationary parts of the SCS and the
rotating shaft, which is held in position by a magnetic field generated and
controlled by the magnetic bearing.
The thrust magnetic bearing system for downhole rotating
equipment allows for adequate operating clearances between rotating
and non-rotating parts for solids and fluids to pass, eliminating the need

for protectors to provide sealing and lubrication. Particulate materials
in the produced fluid can thus flow through the large clearances without
affecting operation.
Downhole rotating tools have a significant number of radial bearings
for supporting the rotor. It is not uncommon to find over 100 radial
bearings in one tool. Mechanical sleeve bearings require lubrication to
operate for extended periods of time. To address reliability, availability
and cost, Upwing has developed a passive magnetic radial bearing, which
uses permanent magnets of identical polarities in both the shaft and stator
to magnetically support the shaft. The magnets create a repulsion force
that keeps the bearing shaft radially suspended in a magnetic field. While
the shaft is suspended with no mechanical contact with non-rotating
components, it rotates freely in the longitudinal axis without
surface-to-surface friction typical of fluid film bearings. Furthermore, the
shaft can operate with significant fluid gaps, over 20 times the gaps of
conventional mechanical bearings, without wear or friction.
Permanent magnet motors offer important advantages over induction
motors due to their higher power density and efficiency. High speeds are
needed for compressible fluids, especially in the downhole environment
with a limited diameter. With fairly constant torque throughout an
operating speed range, the speed of the permanent magnet motor is
directly proportional to horsepower. The higher speed also has significant
value for ESPs. As pump speed doubles, fewer pump stages are necessary
to achieve the same lift, as the kinetic energy pumped into the produced
fluids is quadrupled. This significantly reduces the overall pump length,
cost, and handling complexity. Conventional induction motors achieve
85% efficiency with a 1 mm air gap. In contrast, a permanent magnet
motor achieves 90% efficiency with a 13 mm air gap. This is due to the high
magnetic field created by permanent magnets instead of energising coils.
Unfortunately, existing ESP topologies cannot take full advantage of
these benefits by simply replacing an induction rotor with a permanent
magnet motor. The limiting factor is removing heat from the motor. In
conventional ESP motors, which operate in liquid-filled chambers that
have an equalised pressure with the environment, the fluidic friction
generates substantial losses in the form of heat. This heat must be
removed from the motor into the produced fluid, where the only path is
through the housing over the stator. Therefore, replacing an induction
motor with a permanent magnet motor will not add significant value
because the same amount of friction loss generated with the permanent
magnet rotor and the same poor conduction path for heat to the
production fluid is present. In order to take full advantage of permanent
magnet motors, especially for downhole applications, the system level
approach adopted by the SCS is required.
Finally, in order to isolate the motor and other electrical components
from the downhole environment, Upwing uses a magnetic coupling to
transfer torque from the electric machine to the hydraulic section. The
magnetic coupling can operate with large clearances and transmit high
torque from very low speeds for pumps (1000 rpm) to very high speeds for
compressors (over 50 000 rpm).

Summary

Figure 1. A cutaway of the SCS, displaying the major components.

| Oilfield Technology Reprinted from June 2019

In CBM reservoirs, the downhole compression provided by the SCS will
increase gas flow by increasing drawdown close to the perforations similar
to conventional formations. However, to maximise CBM production, the
non-linear relationship between pressure and molar concentration of
adsorbed gas must be taken into consideration. Due to the non-linearity,
any pressure decrease will result in desorption of non-proportionally more
gas than is released directly from the open pore space. Since downhole
compression creates suction close to the reservoir, only artificial lift
technologies that can provide the lowest bottomhole flowing pressure
for a given tubing head pressure and facilitate the lowest reservoir
abandonment pressure are able to maximise recoverable reserves.

