[bookmark: _GoBack]Renewable Natural Gas Measurement

Don Ford
Analyzer Technical Specialist
Spartan Controls Ltd.
305-27th Street SE
Calgar, Alberta, T2A7V2

With the increasing interest in renewable energy, gas pipelines and utilities are adding gases that are derived from natural and organic processes. These gases can be refined and added to the pipeline to provide a Renewable Natural Gas, or RNG, that can be delivered to customers. To add these gases to a pipeline several of the typical tariff requirements must be met, however some other measurements are required that are unique to the RNG process. This paper will explore the measurement facets associated with the RNG receipt process at the pipeline and utility level.

RNG – Typical Sources

RNG comes from refined sources of methane. These sources are typically process such as digester gas, where organic material is decomposing. It can also include gas produced from landfills, where there is typically a large amount of organic material decomposing. Digesters are commonly in Waste Water Treatment plants to break down the organic matter in the waste water. The Aneorbic digester process can be used for treatment of other organic waste, and is now being employed to help reduce the carbon intensity of various agricultural processes such as dairy farming. Methane is typically released in these processes, and methane is considered a greenhouse gas, and has a greenhouse gas intensity around 25x times that of CO2. Due to this, many incentives are being employed to increase RNG production as a way to reuse the methane and reduce the carbon footprint of pipelines and utilities.

The typical gases produced in the aneorobic digesting processes are CH4, CO2, O2, N2, H2S and H2O. Other gases can exist, including H2 and CO typically at low levels. Landfill gas may contain trace volatile gases as a landfill doesn’t strictly contain organic matter. The goal is to provide a refined gas with a similar heating value for the pipeline. As such, the focus of the refining process is to remove moisture, H2S and CO2 as they typically exist in raw biogas at volumes well above what a pipeline can accept.


	Parameters
	Biogas
	RNG
	Natural Gas

	Methane
	60
	97
	95

	Ethane
	-
	0
	2

	Propane
	-
	0
	1%

	Butanes
	-
	0
	< 1%

	CO2
	35
	1-2%
	0.5%

	H2S
	2000ppm
	1ppm
	< 4ppm

	Oxygen
	1%
	0.2%
	0

	Hydrogen
	0.005%
	0
	0

	H2O
	Saturated
	5ppm
	20ppm


Typical Gas Compositions

RNG Receipt Station

The RNG Receipt Station is dedicated to receiving RNG from the producing party, and ensuring the gas meets the correct requirements for receipt into a pipeline or utility for takeaway. The quality of the gas is monitored, the flow is measured, and the gas is regulated to the proper pressures for proper injection levels.

A set of analyzers are used to determine if the gas meets the correct quality specifications. The gas is then moved through a distribution valve or a recycling valve. If the gas does not meet certain specifications it will be automatically recycled. Only gas that is within allowable tolerances is injected into the utility pipeline.

Two regulator trains are used to reduce the gas pressure to distribution levels, when injecting into a utility pipeline. Odorant is added downstream of the regulator trains. The odorant injection system typically utilizes solenoids to control the dosing rate, based on the RNG flowrate. After the RNG flow is measured, compensated gas flow rates are calculated using the compositional information as well as pressure and temperature measurements.

Much of the measurement considerations are given over to selecting the proper analyzers to ensure the gas meets proper quality specifications. As many as 4x analyzers are commonly used to ensure the RNG meets specification and is not required to be recycled back to the plant. Each pipeline or utility has different specifications, but they are usually similar in requirements.
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RNG Measurement

The RNG delivered into a pipeline must be monitored to ensure the gas delivered is meets certain heating value requirements, and does not exceed certain amounts of trace and constituent gases. Some of these gases are monitored for safety requirements. Several jurisdictions have also issued reports or legislation around the interchangeability of gases to ensure that quality of gas does not suffer as a result of adding a different source of gas. 

	Pipeline Company
	Heating Value (Btu/scf)
	Water Content
	Various Inerts
	H2S

	
	Min
	Max
	(lbs / MMscf)
	CO2
	O2
	Total Inerts
	(Grain / 100scf)

	SoCalGas
	990
	1150
	7
	3%
	0.2%
	4%
	0.25

	Dominion Transmission
	967
	1100
	7
	3%
	0.2%
	5%
	0.25

	Equitrans LP
	970
	-
	7
	3%
	0.2%
	4%
	0.3

	Florida Gas Transmission Co
	1000
	1110
	7
	1%
	0.25%
	3%
	0.25

	Colordo Intrastate Gas Co.
	968
	1235
	7
	3%
	0.001%
	-
	0.25

	Questar Pipeline Co.
	950
	1150
	5
	2%
	0.1%
	3%
	0.25

	Gas Transmission Northwest Co.
	995
	-
	4
	2%
	0.4%
	-
	0.25


Source: SoCalGas RNG Quality Standards 
https://www.socalgas.com/1443740736978/gas-quality-standards-one-sheet.pdf



Heating Value / BTU

One of the chief measurements that’s conducted by an RNG receipt station is that of the heating value. Typical pipeline gas consists of a mix of Methane along with various heavier hydrocarbons. By contrast, RNG is almost entirely methane, with some CO2 and N2. In this case, the methane measurement is the key factor in determining the heating value. While it would be tempting to just make a methane measurement, this is not the common practice, and may not fit the requirements of several jurisdictions. The common method is to use a Gas Chromatograph (GC).

GCs are commonly used for measuring natural gas, which has many constituents. The Gas Chromatograph is capable of directly measuring many of these components individually and then calculating a heating value, as well as compressibility for use in flow calculations. The typical accuracy of a natural gas GC is +/-0.25BTU / 1000BTU or better. No other devices can offer near this level of accuracy for the heating value. As a result, the GC remains the instrument of choice for custody transfer measurements of natural gas, and by extension, is the instrument of choice for Renewable Natural Gas measurements. In certain jurisdictions, the Gas Chromatograph is the only metrologically approved device for custody transfer measurements of this nature. For example, in Canada custody transfer measurements in natural gas pipelines are required to be conducted by Measurement Canada certified devices.

The GC is also capable of measuring other typical pipeline requirements. This includes CO2 and N2, which may have either individual limits imposed by the pipeline or may have a combined limit (Total Inerts) imposed by the pipeline. Hydrocarbon Dewpoint is also a value that can be either directly computed from a GC, or calculated based on the measured composition. 
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Above: A Gas Chromatograph consists of a column, valves and a detector housed in an oven.
Moisture / H2O
Most pipelines also limit the amount of moisture allowed into the pipeline, and are interested in measuring it at RNG stations. The biogas from which the RNG is sourced is very wet, but typically leaves the refining process quite dry. However in the offcase that the refining process fails, the RNG receiving party wants to have an alarm set so they can take action as required. 

The most basic way to measure moisture is to use either a ceramic or aluminum oxide based sensor. These systems respond to very small (ppm) levels of moisture in natural gas. They can provide reasonable accuracy, and they are often available in small, transmitter style packages, but they do have limits on response time and require periodic laboratory calibration. Other common options include Laser Spectrometery with an Infrared (IR) source. These types of analyzers offer a high stability with little calibration requirements, but they come at an increased cost and take up more space in the RNG station.
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 Above: Spectroscopy systems for moisture measurement rely on the Beer-Lambert Law, where absorption of light at a certain frequency is proportional to the concentration of the component of interest. 

H2S

H2S measurements are typically a critical tariff parameter for pipelines and utilities. It is common to face a shut-in if the measured H2S levels from a producer exceed the allowable limits of the pipeline. H2S presents a safety risk for downstream users of the gas, hence pipelines prefer to quickly react and stop escalating levels of H2S travelling down the pipe. 

The tried and true method for H2S measurement is that of the lead acetate tape system. This method has been employed by natural gas pipelines for decades, and reliably detects H2S at sub-ppm levels. The method uses tape that has been impregnated with lead acetate, exposes the tape to the process and looks for a color change of the tape. These systems require periodic manual intervention for calibration and changing of the tape.

[image: ]
Above: The basic internal workings of a lead acetate tape analyzer.


H2S does absorb both UltraViolet (UV) and IR radiation. This means that spectroscopic techniques are available using either UV or IR as a light source. In both spectrums, H2S has many interferences, and a great deal of energy is spent trying to remove and reduce the effects of those interferences. The common technique in IR spectroscopy is to use a scrubbed reference to periodically verify the measurement, while in UV spectroscopy chromatographic techniques are sometimes employed.

Electrochemical detection of H2S is also possible ,and presents a much lower cost to either the lead acetate or spectroscopic techniques. These systems rely on chemical cell reactions of H2S, and use a similar method to gas detectors that provide safety measurements of H2S in ambient air. These are relatively inexpensive, but can have interferences, may require a flushing period for the function of the cell, and require more frequent replacement of the sensors.
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Above: Typical H2S Electrochemical Sensor
Oxygen

Oxygen in a pipeline is a safety issue. Given that Oxygen is present in high volumes in raw biogas, it’s something many pipeline operators are concerned about when measuring at an RNG station. Oxygen is only allowed at low levels into a pipeline, typically somewhere under 0.4%. There are several methods to measure Oxygen.

A gas chromatograph is capable of measuring oxygen, and there are arrangements that allow common BTU GC’s to add the appropriate column for separating Oxygen. The main advantage to this method is that a separate analyzer is not required. However, the measurement is slow, and the columns used for measuring O2 will create more of a maintenance demand on the GC than typical BTU columns.

Most pipelines prefer a fast method to measure O2. Electrochemical, paramagnetic and Tunable Diode Lasers (TDL) are available methods. O2 measurement with a TDL is a well established technology, but the detection limits of TDL are typically not able to meet the requirements of pipelines, which can be as low as 0.2% and even 0.1% for alarm limits. Typically electrochemical and paramagnetic are used in a 0-1% measurement range, and can be installed for much lower costs. The electrochemical method requires periodic replacement of the sensor, while the paramagnetic sensors typically last many years and have a very stable calibration.

[image: ][image: ]


Left: Paramagnetic O2 Sensor; Right: Electrochemical O2 Sensor


Other Measurement Considerations
There are other components of biogas that are not desirable, and may thus be monitored or specified on tariff requirements for RNG. Its common to have a requirement on Siloxanes, as they can have a negative impact on equipment that use the natural gas such as turbines and engines. Total sulfurs will also typically be specified, in addition to H2S. Ammonia is present in small quantities in biogas, and tolerances may be specified for the pipeline. While there are methods for measuring all of these components, they are frequently done through manual sampling, with total sulfur being more commonly required as an online measurement.

For Total Sulfur, there are a couple methods available with either the Lead Acetate Tape methods or even Gas Chromatography. With Lead Acetate Tape, an oven is used to react all sulfur species into H2S so it can be measured by the tape. In Gas Chromatography, a Flame Photometric Detector is added to the GC which is highly selective to sulfur species. Both of these methods increase the capitol cost of the measurement system, and require the consumption of bottled hydrogen to produce the total sulfur readings.

Downstream of the Blend – BTU Measurement for BTU Zones

The other common measurement requirement is another BTU analysis performed downstream of the blend point. A utility needs to ensure they are delivering the correct BTU content to downstream customers. This means that after the RNG is blended in, BTU measurement is required again, downstream from the RNG injection. At this point, the measured BTU will be what’s charged to customers. Again, at this point the most accurate way to measure the BTU is via a chromatograph, and approvals from agencies such as Measurement Canada may be required on devices used for billing customers.

In some cases where a GC is not required, alternate technologies may be employed to measure the BTU. Many of these techniques involve only measuring a couple physical properties and then rely on a model to infer the BTU. Such analyzers commonly measure physical properties such as Density, Specific Gravity, Thermal Conductivity and may employ Infrared Sensors for measurement of certain gases. There are even IR analyzers that will use modelling methods to determine gas composition from broad based absorption methods. Many of these analyzers can achieve an accuracy of about +/-1-2% on the BTU measurement.






Summary

In general the use of RNG is becoming more prevalent, as it does provide a way to reuse greenhouse gases off of natural processes. Most RNG stations are heavily focused on measuring the quality of the gas being injected into the pipeline. As many as 4x analyzers are typically required in a receipt station. Selecting the correct analyzer requires understanding what technologies are available and what measurement parameters are considered critical.
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