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Disclaimer

This document has been developed by the Methane Guiding Principles partnership. The Guide
provides a summary of current known mitigations, costs, and available technologies as at the date
of publication, but these may change or improve over time. The information included is accurate
to the best of the authors’ knowledge, but does not necessarily reflect the views or positions of

all Signatories to or Supporting Organisations of the Methane Guiding Principles partnership, and
readers will need to make their own evaluation of the information provided. No warranty is given
to readers concerning the completeness or accuracy of the information included in this Guide by
SLR International Corporation and its contractors, the Methane Guiding Principles partnership or
its Signatories or Supporting Organisations.

This Guide describes actions that an organisation can take to help manage methane emissions.
Any actions or recommendations are not mandatory; they are simply one effective way to help
manage methane emissions. Other approaches might be as effective, or more effective in a
particular situation. What readers choose to do will often depend on the circumstances, the
specific risks under management and the applicable legal regime.
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Summary
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In the oil and gas industry, one of the largest sources

of methane emissions has historically been pneumatic
devices, however, in some jurisdictions, the use of
pneumatic devices that vent to the atmosphere is being
phased out. This has created significant activity in
replacing or reducing emissions from pneumatic devices.

This document sets out ways of, and best practice
in, reducing or eliminating methane emissions
from those devices.

Methane emissions from pneumatic devices can be
reduced or eliminated by:

replacing pneumatic devices with electrical
pumps or controllers;

replacing pneumatic devices with
mechanical controllers;

using compressed air rather than natural gas to power
pneumatic devices;

+ capturing vented gas or directing vented gas to a
control device;

replacing ‘high-bleed’ pneumatic devices with
intermittent or ‘low-bleed’ devices; and

inspecting devices and repairing those that have
emissions that are higher than expected.

Best practice for reducing methane emissions from

pneumatic devices is summarized in the table to the right.
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Best practice for reducing
methane emissions from
pneumatic devices:

Keep an accurate inventory of
pneumatic devices that are driven
by the natural gas produced

from wells.

Replace pneumatic devices with
electrical or mechanical devices
where practical.

If pneumatic devices have to
be used, choose ones that use
compressed air rather than
natural gas.

When using devices driven by
natural gas is the most feasible
option, capture vented gas or send
vented gas to a control device.

Replace high-emission devices with
lower-emission alternatives.

Include any pneumatic devices
driven by natural gas in a formal
inspection and maintenance
program and record the emissions
in an annual inventory.




Introduction
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Pneumatic devices are powered by gas pressure. They * Pneumatic pumps are used to inject chemicals

are mainly used where electrical power is not available. into wells and pipelines and for circulation in glycol
dehydration units where water is removed from natural

The two main types of pneumatic devices used in the gas. The natural gas used to drive the pump may be

oil and gas industry are pneumatic controllers and vented as the pump operates.

pneumatic pumps.
Millions of pneumatic devices, mostly pneumatic
controllers, are used in the oil and gas industry. These

+ Pneumatic controllers are mechanisms that control

conditions such as levels, temperatures and } i )
devices, when powered using natural gas, can collectively

be one of the largest sources of methane emissions in
petroleum and natural-gas supply chains. For example,

pressures. When a pneumatic controller detects the
need to change liquid level, pressure, temperature

or flow, it opens or closes a control valve. As shown ' ) ' ) )
in the United States, pneumatic devices are the main

source of methane emissions arising from the oil and
gas industry, and approximately 90% of emissions from

in the diagram below, the pneumatic controller can
open or close the valve by directing pressurized
gas to the control valve. The natural gas used to
drive the controller is continuously vented or vented pneumatic devices are due to pneumatic controllers.!

intermittently, depending on the design of the device.

Figure 1: Pneumatic controller
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Quantifying Emissions

Emissions from pneumatic devices can be quantified by multiplying the total number of devices by the average
emissions from a device. Emissions vary depending on the design of a device, so pneumatic equipment is
often broken down into categories. Common categories of pneumatic controllers are high-bleed, low-bleed and
intermittent-vent.

Even for devices that are identical in design, emissions can vary widely, depending on how they are used and
whether they are working properly.

The total emissions from pneumatic pumps is generally In the table below, the number of devices is referred to
quantified by multiplying the number of pumps by the as the activity factor, and the level of emissions from a
estimated or measured emissions from a single pump, device is referred to as the emission factor.

as explained above. The emissions from pneumatic

controllers can be quantified in the same way. However, The table summarizes the types of activity factors and
because of the large number of pneumatic controllers related emission factors used to quantify emissions.

used, and the differences in emissions associated with
different designs, different approaches are generally
used to quantify pneumatic controller emissions, as

Activity factor Emission factors
Pneumatic pumps The number of pumps used The emissions from a pump

shown in the table below.

Pneumatic controllers The number of controllers used The emissions from a controller
The number of a particular type of The emissions from a controller of
controller (high-bleed, low-bleed, that particular type

intermittent)

The number of controllers The emissions from a controller
producing emissions that are higher producing emissions that are
than expected higher than expected

The United States Environmental Protection Agency (US EPA) classifies the different designs of pneumatic controller as:
intermittent-vent devices;
continuous-vent low-bleed devices;
continuous-vent high-bleed devices; and

zero-bleed devices.
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Intermittent-vent controllers are ‘snap-action’ devices that
vent only when a specific condition is met. Intermittent
controllers are the most common type of controller used
in the oil and gas industry.

Continuous-vent controllers use gas pressure to sense
the conditions of an operating process. The gas flows
to the valve controller continuously and then vents
(bleeds) to the atmosphere (that is, is released into

the atmosphere).

+ If the designed bleed rate is less than 0.17 standard
cubic meters per hour (scm/h) - equivalent to six
standard cubic feet per hour (scf/h) - the device
is low-bleed.

+ If the designed bleed rate is 0.17scm/h or more, the
device is high-bleed.

Zero-bleed controllers divert vented gas to the gas being
produced from the well, rather than into the atmosphere.

The prevalence of each type of device used in the oil and
gas industry in the United States, and the average emission
per device used by the US EPA when quantifying emissions
from pneumatic devices, are shown in the table below.

Fraction of all pneumatic devices used in Average whole gas

the US oil and gas industry (according to the emission per device *?

2021 US EPA Greenhouse Gas Inventory)’

Oil and gas production

Pneumatic pumps
Intermittent-vent controllers 70%
Continuous-vent low bleed controllers 28%

Continuous-vent high bleed controllers 1%

0.376scm/h

0.382scm/h

0.0394scm/h

1.06scm/h

*Methane emissions are calculated by multiplying the gas emission rate by the volume fraction of methane in the gas
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Because pneumatic controllers are a large source of
methane emissions from the oil and gas industry’ a
relatively large number of studies on emissions from
controllers have been published. Details of recent studies
are given in appendix 1°°. Major conclusions from those
studies include the following.

« Arelatively small percentage of controllers were
responsible for the emissions identified. For example,
at production sites surveyed in the United States,
about 95% of the emissions measured from pneumatic
controllers arose from less than 20% of the
pneumatic controllers®.

+ Some controllers that are producing higher-than-
expected emissions may be not working properly,
and these might be replaced or repaired to reduce the
emission rate.

- Emission rates from intermittent-vent controllers
depend on how often the mechanism is triggered to
release gas.

+ Controllers can switch between relatively low emission
rates and relatively high emission rates, but what
causes this is not well understood.®

These recent findings have important implications for
both quantifying emissions and designing mitigation
strategies (ways to reduce emissions). For example, a
study® found that around 16% of low-bleed controllers
had emission rates of more than 0.567 scm/h (20scf/h),
which is higher than the EPA emission limit for low-bleed
controllers. If those low-bleed controllers with high
emission rates could be identified and then repaired

or replaced, the total emissions from those low-bleed
controllers could be reduced by more than half. Similarly,
studies® have found that 83% of intermittent-vent
controllers had emission rates of less than 0.0567scm/h
(2scf/h), 7% had emission rates of more than 0.567scm/h,
and the remaining 10% had emission rates of between
0.0567scm/h and 0.567scm/h. Again, identifying and
repairing or replacing devices with high emission rates
may reduce emissions.
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Because pneumatic controllers, even of the same design
type, can have lower emission rates (less than 0.17scm/h)
or higher emission rates (0.17scm/h or more), when
emission rates are quantified it may be more accurate

to determine average emission rates for high and low
emission controllers (this only applies to intermittent-vent
and low-bleed controllers, as high-bleed controllers all
have high emission rates) and then determine, through
measurements, the fraction of controllers that have higher
emission rates and the fraction that have lower emission
rates. For, example, in one study properly functioning
intermittent pneumatic controllers were found to have
venting rates of 0.008scm/h while malfunctioning
pneumatic controllers at the same sites had emission
rates of 0.68 scm/h."°

However, it can be difficult to differentiate between:
+ controllers that have high emission rates and are not
working properly; and

+ controllers that are working properly but have emission
rates that are higher than expected;




The graphs below are for two intermittent-vent controllers that have very similar emission rates. Figure 2a shows that
the first device appears to be working normally, with very frequent rapid venting and the emission rate quickly returning
to zero. Figure 2b shows that the venting mechanism of the second device does not react instantly (it takes several
minutes) and the emission rate never returns to zero. This vent pattern is not normal, which indicates that the device

is not working properly. In general, properly functioning pneumatic controllers can be distinguished from improperly
functioning controllers by observing a several actuations.

Figure 2a: Gas flow rate versus time for a normally Figure 2b: Gas flow rate versus time for a defective
functioning intermittent vent controller intermittent value controller
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A recent study® suggested that intermittent-vent The same study® suggested that:

controllers should be considered to not be working
properly if: + low-bleed devices should be considered to be not

working properly if they have emission rates of
+ the venting is slow and gradual rather than being 0.17scm/h or more; and

triggered instantly; -+ high-bleed devices should be considered to be not

- there is continuous venting or a lack of distinct working properly if they have emission rates that are
instances of venting; higher than the manufacturer’s specifications.

- emissions do not return to zero between instances of
venting, or

+ there is any other irregular behavior.
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Mitigation Strategies

These emission mitigation strategies cascade from preventing emissions, to reducing emissions, to identifying and
repairing devices that are not working properly. The mitigation strategies are summarized in the table below and more

detailed descriptions are given in the following pages. Links to more information are provided in Appendix 2.

Mitigation strategy Description

1. Replace high-bleed devices with
low-bleed or zero-bleed devices

2. Use compressed air rather
than natural gas to drive
pneumatic devices

3. Capture vented gas or send
vented gas to a gas fired engine

4. Carry out regular inspections
and repair or replace items
where necessary

Ta Replace pneumatic devices with electrical or solar-powered devices.
1b Replace pneumatic controllers with mechanical controllers.
1c Replace high-bleed devices with intermittent-vent or low-bleed devices.

Use compressed air generated on-site to drive devices.

Send vented gas to a vapor recovery unit (VRU)

A small proportion of controllers that are not working properly may be
responsible for the many of the methane emissions associated with
controllers. If controllers with high emissions due to faults can be
identified, they can be repaired or replaced.

Because mitigation strategies prevent or reduce the loss of natural gas, some can pay for themselves within one or two
months, while others can cover the cost within years.

Emissions can be reduced by replacing pneumatic devices with electrical or mechanical devices.

If pneumatic devices have to be used, methane emissions can be reduced or eliminated by the following

mitigation strategies.

— Using compressed air rather than natural gas to drive the device

Capturing vented gas

Replacing high-bleed devices with low-bleed or zero-emission designs

Repairing or replacing devices that are not working properly

Because mitigation strategies prevent or reduce the loss of natural gas, some can pay for themselves within one
or two months, while others can cover the cost within years.
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Mitigation strategy 1la:

Replace pneumatic devices with electrical or solar-powered devices!!
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At remote locations where electricity is not readily
available, pressurized natural gas is often used to

drive circulation pumps in glycol dehydration units and
chemical injection pumps used to inject chemicals into
wells and flow lines. Chemical injection pumps generally
use and vent natural gas at relatively low rates (roughly 10
cubic meters of natural gas a day for methanol injection
pumps at well sites), while circulation pumps in glycol
dehydration units may run at hundreds of cubic meters of
natural gas a day.

Both types of pumps can be replaced by:

standard electric pumps, if an electricity supply is
available; or

+ solar-powered pumps, if there is enough sunlight and
a battery unit stores solar power for when there is no
sunlight, so the pumps can run continuously.

Similarly, pneumatic controllers can be replaced by
electrical devices where electricity is available.

BEST PRACTICE GUIDE:

Figure 3: Solar chemical pump

Source: BP

Natural Gas Star partners'® have reported that replacing
pneumatic circulation pumps with a 3BHP (brake
horsepower) electrical pump reduced vent gas by 100,000
t0 200,000 standard cubic meters (scm) per year.

With electricity priced in the range of US$0.075 per
kilowatt-hour and gas valued at between US$0.14 and
USS$0.25 per scm, the strategy may pay for itself, through
economic savings, within a few months.




Mitigation strategy 1b:

Replace pneumatic controllers with mechanical controllers?!?
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Pneumatic controllers can be replaced with mechanical
controllers. As described in a Natural Gas Star Partner
Reported Opportunity™, at low-pressure, low-volume
wells, mechanical dump valves, rather than pneumatic
dump valves, have been installed on vertical separators.
Mechanical controllers have also been used at midstream
dehydration facilities.

A high pressure, high flow separator requires the dump valve
to be continuously throttled. As well production declines, and
pressure and fluid production reduce, the need for pneumatic
control mechanisms may be eliminated.

Mechanical controllers use a float on the liquid phase
of a gas-liquid separator (see the diagram below). A
mechanical link from the float opens and closes a dump
valve. The only maintenance needed is to clean and
lubricate the mechanical link.

Figure 4: Separator with mechanical dump

Demister

Gas

I I~ Drain plate
) Gas __

r

Inlet diverter —

Degassing
Baffle

T [T [T [T [T (7

BEST PRACTICE GUIDE:

Reduction in emissions and recovering costs

The reduction in emissions, and the economic value

of the reduction, depends on the type of pneumatic
controller that is replaced and the volume of liquid
produced during the operating process. A high-bleed
pneumatic controller can vent approximately 10,000 scm
of gas a year.

Natural Gas Star partners'" have reported equipment and
installation costs of US$3,000 per controller. With gas
valued at between US$0.14 per scm and USS$0.26 per scm,
the strategy may pay for itself within 20 to 30 months.




Mitigation strategy 1lc:

Use compressed air rather than natural gas to drive pneumatic devices?®?
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Using compressed air rather than pressurized natural
gas to drive pneumatic devices can eliminate methane
emissions from venting. Due to the cost of compressed-
air systems, they are mostly used at locations where a
relatively high volume of pneumatic gases are used.

Compressed-air systems typically consist of a
compressor, a power source, a dehydrator and a gas
storage tank.

Compressors switch on intermittently to maintain gas
pressure in a storage tank. They are typically powered by
electricity. At sites without electrical power, solar-powered
air compressors can be used.

The dehydrator is a vital part of the compressed-air

system. Water vapor in the air can condense when the air
is pressurized. If the air is not dehydrated (to remove the
water vapor), condensation can cause corrosion in pipes.

BEST PRACTICE GUIDE:

Reduction in emissions and recovering costs
Replacing pressurized natural gas with compressed
air completely eliminates methane emissions from
pneumatic devices.

Natural Gas Star partners’? report that compressed-air
systems should be designed to provide 1.7 scm per hour (1
scf per minute) of compressed air to each controller, and
that compressors should be sized so that the air delivered
to controllers is approximately two-thirds of the volume of
the atmospheric air drawn into the compressor.

Natural Gas Star partners' have reported systems
providing from 60scm to more than 1500scm per hour of
compressed air, replacing the same volume of natural gas
that would otherwise have been used. Based on natural
gas being priced at $0.25 per scm, a compressed-air
system can pay for itself within two to seven months.




Mitigation strategy 2:
Replace high-bleed pneumatic devices with low-bleed or intermittent-vent devices®?

000000 OCOCS

High-bleed pneumatic controllers typically have vent Natural Gas Star partners' report the following.

rates of more than 1scm per hour, resulting in lost + The cost of replacing a high-bleed controller with an
vent gas with a value of more than US$1000 per year intermittent-vent or low-bleed controller at the end
from each device, with gas valued at USS$0.14 per scm. of the high-bleed controller's useful life is between
Replacement with low-bleed and intermittent-vent US$210 and US$340.

controllers, which have average vent rates of between
0.03scm/hr and 0.4scm/h, can significantly reduce
methane emissions and lost vent gas.

The cost of replacing a high-bleed controller before the
end of its useful life is US$1850.

The cost of converting a high-bleed controller with a

In the United States, continuous high-bleed pneumatic retrofit kit is USS675.
devices can no longer be fitted for new and modified
installations. Regulations in some regions require high-
bleed devices to be replaced, with only a few exceptions.
Some organisations have chosen to adopt this policy
across all sites, not just new and modified sites.

These figures mean that costs could be recovered within
a period ranging from a few months to two years.

High-bleed pneumatic controllers can provide fast
response times. However, when a fast response time

is not necessary, the controller can be replaced with an
intermittent-vent or low-bleed alternative. In a few cases,
manufacturers of pneumatic devices may make a ‘retrofit
kit’ of technology, parts and features to convert existing
controllers to intermittent-vent controllers. In other
cases, the entire controller would need to be replaced.

Reduction in emissions and recovering costs

With vent rates from high-bleed devices typically being
higher than 1scm per hour, installing a low-bleed or
intermittent-vent controller could prevent losses of more
than US$1000 per year from each device.

The cost of this mitigation strategy depends on whether
the controller is:
- being replaced at the end of its useful life;

being replaced early; or

being converted with a retrofit kit.
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Mitigation strategy 3:

Send vented gas to a Vapor Recovery Unit (VRU)
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Vapor Recovery Units (VRUs) are commonly used to
reduce emissions from tanks, but where VRUs are
already in place the vapor collection system can be
modified to capture emissions from other low pressure
vent sources such as pneumatic devices. VRUs typically
consist of a de-liquefaction tank, that also modulates
flow. From the tank, gases can be compressed and sent
to sales lines, although if the volume of gas exceeds the
engine requirements, venting would still occur.™

Mitigation strategy 4:

Reduction in emissions and recovering costs

Vapor recovery units can typically recover approximately
95% of vented gas, however, because these applications
have been relatively uncommon, reliable costing data are
not available.

Regularly inspect devices and repair or replace those that have
emissions that are higher than expected?®
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Several studies have found that a small fraction of
pneumatic controllers is responsible for the majority
of methane emissions from pneumatic controllers®®.
Some controllers have high emission rates, but others
may be producing higher emissions than expected
because they are not working properly.

The pattern of vent gas from a device can indicate
whether or not it is not working properly (see page 7).

A targeted inspection and maintenance program for
pneumatic devices can reduce emissions by identifying
pneumatic devices that are not venting normally and then
repairing or replacing them.

A new inspection and maintenance program could be aimed
specifically at pneumatic devices, or pneumatic devices
could be incorporated into an existing program, such as a
current program to detect and repair leaks in equipment.
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In the United States, several organisations have
voluntarily adopted formal inspection and maintenance
programs'®. Also, the State of Colorado has added
pneumatic devices to the scans carried out with Optical
Gas Imaging (OGI) cameras. These cameras are used to
identify gas leaks, but are now also being used to identify
unusual emission behavior for pneumatic devices.

This practice is expected to become widespread.

Reduction in emissions and recovering costs

There has been limited practical experience across
industry of targeted inspection and maintenance
programs for pneumatic controllers, although this
situation is expected to change rapidly. Important
issues that need to be addressed include the fraction
of devices that can be repaired, the durability of the
repairs, and the cost of inspections.




Checklist

The following checklist allows each operator to assess their progress in reducing emissions from pneumatic controllers.

Activity - pnuematic controllers Completed Percentage of

pnuematic devices
included in the activity

Produce and keep an accurate inventory of pneumatic
controllers driven by natural gas.

Replace pneumatic controllers with electrical or mechanical
devices where practical.

If pneumatic controllers are used, use compressed air rather
than natural gas as the pneumatic fluid.

If using pneumatic controllers driven by natural gas is the most
feasible option, replace high-bleed controllers with

Capture vented gas or send vented gas to a gas fired engine
Include pneumatic controllers driven by natural gas in a

targeted inspection and maintenance program and record the
pattern of vent-gas emissions in an annual inventory.

Produce and keep an accurate inventory of pneumatic pumps
driven by natural gas.

Replace pneumatic pumps with electrical pumps
(possibly solar powered)
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Appendix 1

Recent studies measuring emissions from pneumatic devices
(adapted and updated from NASEM?3)

Sample area Study details Source

us The study measured emissions from pneumatic controllers at (4,6,10)
natural gas well sites.

Britsih Columbia and Alberta Study focused on high-bleed controllers. Emissions were reported (5)
for different manufacturers and models.

us The study measured emissions from controllers at oil and gas well (6)
sites in the United States. 19% of controllers accounted for 95% of
emissions from the pneumatic controllers in the study.

Oklahoma The study measured emissions from controllers at oil and gas sites 7)
in Oklahoma. 3.5% of controllers accounted for 73% of emissions
from the pneumatic controllers in the study.

Utah The study measured emissions from controllers at oil and gas (8)
sites in Utah. The majority of emissions came from 14 of the 80
controllers. 11 of the 14 controllers were not working properly.

us Emissions from controllers were measured over 72 hours. )
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Appendix 2

Links to more information about mitigation strategies

Mitigation Strategy Description Link to more
information
1. Replace high-bleed Ta Replace pneumatic devices with electrical or solar- 1)
devices with low-bleed or powered devices.
zero-bleed devices
1b Replace pneumatic controllers with mechanical controllers. (12)
1c Replace high-bleed devices with intermittent-vent or low- (13)

bleed devices.

2. Use compressed air rather Use compressed air generated on-site to drive devices. (13)
than natural gas to drive
pneumatic devices

3. Capture vented gas or Send vented gas to a Vapor Recovery Unit (VRU) (14)
send vented gas to a gas
fired engine

4. Carry out regular A small proportion of controllers are responsible for the majority (15)
inspections and repair of emissions. If controllers with high emissions due to faults can
or replace items be identified, they can be repaired or replaced.

where necessary
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