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1.0 Introduction

Renewable Natural Gas (RNG) is a broad term which includes a variety of gaseous fuel products that may be suitable for introduction to natural gas pipeline grid. Over time, this term has come to indicate one specific form of renewable gaseous fuel: biomethane. There are many “Renewable Gases;” some of the gases may be used as precursors to chemical production. Hydrogen may also be derived from “renewable” sources. The terms may be confusing or contradictory. However, for the purposes of this paper, the term “RNG” may be in interchanged with the more proper term “biomethane,” as shown below in Figure 1. Biomethane is a cleaned form of raw biogas. 
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Figure 1: Biomethane is a Form of Renewable Natural Gas


2.0 Biogas is Produced from Biomass, Through Anaerobic Digestion

“Biogas” is a very general term, but has come to represent a gaseous product which results from the biologically-mediated (microbial) conversion (digestion) or breakdown of organic waste, under oxygen-deprived (anaerobic) conditions. Biogas may contain compounds which are products of full conversion of an organic substrate, and/or it may contain products of partial conversion (i.e., intermediate compounds on the pathway to full conversion). However, and importantly, depending upon the biomass source, biogas may also contain compounds which are simply volatilizing from the biomass substrate. Raw biogas contains concentrations of methane, carbon dioxide and other inert gases, sulfur compounds, and a variety of “trace constituents” which are biomass-source dependent (Table 1). Biogas must be cleaned or “conditioned” to be suitable for inclusion to the natural gas pipeline network. The cleaned biogas is termed “biomethane” because the predominant gas present is methane. 

The production of biogas occurs widely in nature, under a variety of conditions. Plant and animal material, as well as other organic substances, break down through selected pathways, depending upon the presence of certain bacteria and conditions in the environment. Bacteria perform a wide variety of processes in nature, one of which is the breakdown or “digestion” of organic matter to methane (through methanogenesis). This process occurs under anaerobic conditions (without air.) 
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Table 1: Range of Constituents in Typical Natural Gas Versus Biogas

Anaerobic digestion can occur in any closed system environment where oxygen is limited. “Anaerobic Digesters” (ADs) are, basically, tanks, vessels, ponds, pits, or other enclosures which are confined, possess moisture (water), and are without oxygen. The process of methane production ceases in the presence of oxygen.  Moisture is important for AD to occur, as bacteria thrive in moist environments. ADs vary in size, shape, and configuration. Some ADs are operated at higher temperatures, and some at moderate temperatures. Mixing methods vary as well. A landfill also can be considered a “digester” in that landfills are highly anaerobic, fully contained, and possess varying amounts of moisture (depending upon weather, contained materials, and operation). Given the correct conditions, bacteria can produce methane from organic waste materials deposited in the landfills. It is important to remember that materials deposited in landfills serve as sources for all types of gases, and the gases are not necessarily the result of bacterial action. Materials as common as paint thinners, solvents, nail polish removers, common household cleaning products, small amounts of industrial liquid waste, contaminated soils, oils/greases, electronics, and daily-used products are deposited in landfills through trash disposal. Compounds associated with these wastes can simply volatilize and are “sucked up” in the landfill gas collection system. These compounds are not created through the microbial production of methane, but are gathered along with methane in the gas collection system. Therefore, biogas from landfills (and wastewater treatment sludge ADs) contain biologically-produced methane and other compounds which are not produced necessarily through microbial action. 

The most dominant factors which influence the quantity and quality of biogas produced from a digester are: 1) the ability of the AD to control parameters which drive the entire process to the most desired compound, methane, and, 2) the biomass source. If the digester is not operating optimally, the digester will produce a gas that contains larger quantities of inerts (carbon dioxide, etc.,), which will need to be removed. Therefore, there is less yield of methane in the biogas. Yields of methane from all digester designs, including landfills, vary widely, from 68% methane to 40% methane (or less). The remainder of the gas in the mixture is, generally, unwanted inert gases such as carbon dioxide and lesser amounts of nitrogen and oxygen, sulfur compounds (predominantly hydrogen sulfide) and smaller quantities of “trace constituents.” Landfill biogas can contain greater amounts of nitrogen due to the process of biogas extraction. 

Trace constituents are small, but significant, quantities of elements or compounds present in the resulting biogas; these compounds may or may not be a result of bacterial conversion to methane. The presence of trace constituents is biomass-source dependent; these compounds can vary widely, number in the hundreds, and can pose great concern even in small quantities. Trace constituents can simply be volatilized from the biomass, or are products of bacterial digestion separate and distinct from methane production.

3.0 Biomass Can Vary in Quality

“Source biomass” is the starting material used for the digestion process which produces biogas. Bacteria are extremely clever and perform many degradative processes. However, only a certain set of bacteria can convert organic material to methane. Cohorts of anaerobic bacteria completely degrade organic compounds through a series of steps; each step is mediated by different bacteria. 

Organic material which is “simple” (easy to digest/broken down, not physically complex, not containing metals, inert compounds, halogens, etc.) will be readily converted to methane, given proper conditions. Examples of simple organic material are manure from animals, farm residuals, and agricultural organic waste. 

Conversely, “complex” biomass sources contain a wide variety of organics and inorganics in the mixture; these compounds may be broken down by bacteria to smaller compounds, but the process does not necessarily produce methane. In fact, some bacteria will break down certain classes of compounds into MORE TOXIC compounds (methane is not produced). Additionally, these types of biomasses offer sources of organic release by way of simple volatilization. Gases trapped in the biomass material are released upon gas collection, especially when the source is heated. Examples of complex biomass include landfill materials and wastewater treatment sludge. 

“Green Bin”/Municipal Organic Waste programs offer an interesting challenge. While mostly containing simple biomass, the public will often comingle materials and organics which, when digested, produce trace constituents not allowed in the natural gas pipeline grid. Self-segregated organic waste programs often produce biogas containing a wide variety of undesirable trace constituents. Therefore, post-consumer biomass collection programs are considered on a case-by-case basis for categorization.  Industrial grade food waste is a term for the scraps, residuals, and imperfect products from food production, etc.; this food/waste has never been in contact with humans/animals. This waste should be “simple” to digest if it has not been comingled with impacted organic waste.

Raw biogas quality varies widely but can be readily ranked from “most easy to clean” to “hardest to clean.” If the biomass source is simple, few trace constituents will be present in the biogas, and cleanup to RNG specifications will be less complicated/expensive. If the source biomass contains many compounds, materials, and types of organics/inorganics, the resulting biogas will more difficult to clean to the RNG specification because more trace constituents need to be removed (Figure 2).

Despite source of biomass, the resulting biogas must be cleaned/
“upgraded” to standards set for inclusion to the pipeline grid. Cleaned biogas is referred to as “Renewable Natural Gas” (RNG) or biomethane. Upgrade to biomethane can be achieved through stripping of unwanted gases (mostly inerts) from the biogas, thereby concentrating the methane and other constituents in the resulting product. 

[image: ]

















Figure 2: Biomass Source: Biogas Conditioning Requirements Vary

4.0 Gas Quality Parameters

Gas quality parameters are grouped into two basic categories: Major Components and Trace Constituents.

Major Components are parameters which are found in nearly all natural gas tariffs in North America; the natural gas industry is familiar with this set of parameters (Table 2). They include:

· BTU
· Wobbe Number
· Extended Hydrocarbons (do not apply to RNG)
· Inert Concentrations (CO2, O2, N2 and Total Inerts)
· Sulfurs (H2S, Total Sulfurs)
· Moisture/Water Vapor
· Temperature

[bookmark: _Hlk112015546]Trace Constituents are another set of parameters not typical to natural gas supplies, generally found in lower concentrations. However, these parameters are very important due to their potential impacts to pipeline integrity, end-use equipment, and human health and the environment. The trace constituents profiles vary between biogas sources, and can be grouped as follows:

· LAM (Live Animal Manure) AD, Industrial-grade food waste AD, and co-digestion AD of these biomass sources
· Landfill gas, and Wastewater treatment (WWT) sludge AD 
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Table 2: Range of Constituents in Typical Natural Gas, Biogas and Biomethane

Conditioning of biogas to biomethane RNG does not produce a product “free of all trace constituents.”  Many trace constituents remain in the gas and, in fact, many are further concentrated. Because removal of trace constituents is expensive for the producer, specifications must be supported by scientific evidence of direct risks to pipeline integrity, end-use equipment, and human health and the environment. Some trace constituents pose multiple risks. Risk to odorant masking is one element of concern, and biomethane RNG specifications often include limits for constituents which may impact odorant performance. 

5.0 Trace Constituents Which May Impact Odorant Performance in Biomethane

There are numerous compounds used to odorize gas world-wide. The compound Tetrahydrothiophene (THT) is used extensively in Europe, but many different compounds and blends are used in the US. THT is a very resilient odorant; others are not nearly as robust in their ability to absorb or counteract constituents present in the gas. The concern is that compounds in biomethane RNG can mask or change the characteristic “smell” of the odorant. This is problematic for pipeline and consumer safety. Such compounds have been identified in biomethane RNG. These compounds do not pose health concerns (at low levels) and, in fact, are naturally appealing. Odor masking agents are routinely part of daily life and, consequently, can be found in landfill materials and wastewater treatment sludge. 

One such compound used extensively in daily life is ammonia. It is also produced through the combination of urine and feces, common in live animal manure and wastewater treatment sludge digestion. Ammonia is used as a cleaning agent, but primarily to “mask odors.”  The primary concern with ammonia is the potential for odorant change; ammonia may change or confuse the way natural gas odorant is perceived by the nose. In fact, the intensity of the ammonia smell is directly related to concentration. Although ammonia is currently included in many biomethane RNG specifications, it is unclear as to the actual concentration at which it begins to alter the smell of various odorants used in the pipeline. 

Terpene compounds are also found in raw and cleaned biomethane RNG. Terpenes are naturally-occurring compounds that impart, mostly, “favorable” smells to the human nose. They include the smells of lemons, limes, and oranges, (limonene), the smell of pine (pinene), the smell of herbs and spices (linalool, myrcene, terpinolene, nerolidol, etc.), the smell of beer (humulene), and even the smell of crude oil (cumene). They also occur naturally in foods and agricultural products/wastes. However, humans also harness and value these compounds typically found as oils in nature; they are used in home products, cleaning products, and a wide variety essential fragrances and flavors. They are also thrown out with common household garbage and deposited down the drain.

There are many questions regarding the impacts of terpenes on odorants used in the natural gas industry, and the concentrations of concern are still unclear. A very limited number of studies have been performed and they are not substantial and definitive. Other questions also remain: Beyond this class of compounds, are there other sets of compounds which may be overburdening natural gas odorants?

There is a hypothesis that it is the total burden of trace constituent compounds to the odorant which impedes performance, not just the presence of specific constituents, such as ammonia and terpenes. When compared to natural gas, biomethane RNG from specific sources have many more trace constituents, regardless of propensity to directly mask the odorant. Research has shown that some trace constituents have been concentrated through the conditioning process and many trace constituents remain biomethane RNG, despite removal of those listed in the RNG specification. It is the volume of trace constituents which is at issue. Parallel, developing research has pointed to the burden of “extra” constituents in current natural gas supplies (high concentrations of heavy hydrocarbons: C2 – C12 compounds, with a focus on the C4+ set) on sub-optimal odorant performance. Where once the C2 – C3, and C4+ fractions were refined off from supplies, they now remain in many natural gas sources. This extra burden to the odorant may contribute to odorant disappearance in natural gas supplies. Parallel inference can be made to trace constituents in RNG. 

RNG producers and natural gas companies often propose dilution or “blending” of biomethane RNG into large, high volume transmission lines, so that risks are mitigated. However, as more biomethane RNG comes on-line, the risks and impacts increase. Risks to distribution systems is particularly acute, because much odorization occurs at this level of operation. As more trace constituents enter the system, the burden to odorants increases.

6.0 Odorization of Hydrogen

New issues arise specific to odorization as hydrogen is introduced to the pipeline network. There are many “colors” of hydrogen: grey, blue, turquoise, pink, white, yellow, and green, as well as others. Focusing on methane or biomethane RNG as the source of hydrogen, issues remain explicit to the burdens of trace constituents in the gas and odorant performance.

There is increasing research in hydrogen introduction to the pipeline network – with interest from many aspects of pipeline safety. Little direct research is being performed specific to the impacts of hydrogen blending with natural gas on odorant performance, and information available is conflicting and confusing. Much of the research is based on modeling, which may or may not represent actual field conditions and true results. In the US, where THT is not used ubiquitously, odorant producers are reporting that it may take up to 3x more dosing of the gas to impart proper odorant performance in hydrogen/natural gas/biomethane RNG blends. Many questions remain. However, new odorants are being developed specific for use with hydrogen. 

The Pipeline Research Council International (PRCI) has reported the need for information specific to the blending of natural gas with hydrogen. Odorants have been designed to follow the speed and pathways of natural gas. This is particularly important for leak detection.  Hydrogen is a very fast, light element which does not necessary flow at the speed or follow the same pathway as natural gas/biomethane RNG in air or an indoor environment. Therefore, would leak detection be delayed, confused or incorrect? This would make leak detection and management more difficult. Other questions also arise: Is there separation or stratification of natural gas/odorant blends and hydrogen in the pipeline? Can current GCs and field instrumentation detect the odorant in blends with accuracy? Will there be a need for different instrument configurations or upgrades in field monitoring/detection techniques? Industry is also considering use of 100% hydrogen to dedicated pipelines. Research may develop new odorants for hydrogen-only environments. 

Introduction of biomethane RNG and hydrogen presents exciting changes to the pipeline network, in the effort to decarbonize. However, issues specific to impacts to odorization and pipeline safety are still outstanding.






3

image1.png
P

Natural Gas |

CONFERENCE & EXHIBITION I

INCLUDING RNG, LNG & LPG




image2.jpeg
CLARION

cccccccccccccccccc





image3.emf

image4.emf
CONSTITUENT NATURAL GAS RAW BIOGAS

MAJOR COMPONENTS

BTU (Higher Heating Value) 950 - 1110 537 - 570

WOBBE 1234 - 1400 612 - 676

Methane (C1) 78 - 98% 40 - 65%

Ethane (C2) Up to 9% N/A

Propane (C3) Up to 5% (Limit 2%) N/A

Butanes+ (C4) Up to 4.8% (Limit 1.5%) N/A

Carbon Dioxide 2 - 3% 27 - 50%

Oxygen 0.2 - 1% 0 - 1%

Nitrogen  3 - 6% (Limit 4%) 0.5 - 10%

Hydrogen

Up to 7% (Limits vary or N/A)

Depends

Hydrogen Sulfide .25 - 1 gr/100scf 600 - 7,000 ppm

Total Sulfur 1 - 20 gr/100scf 3 - 18 gr/100scf

TRACE CONSTITUENTS Few  VERY MANY and VARIED

GASEOUS FUEL COMPOSITIONS
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GASEOUS FUEL COMPOSITIONS
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