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ABSTRACT

Methanotrophic bacteria use methane as a source of carbon and energy. When cultivated in controlled bioreactors, they 
can produce protein-rich biomass suitable for evaluation as an ingredient in aquaculture, poultry, or livestock feed. This 
technology is attractive because methane is abundant in natural gas, biogas, landfills, wastewater treatment, and 
agricultural systems, while conventional feed proteins can drive land conversion and dependence on fishmeal or soy. Yet 
methane-to-protein is not automatically climate-positive. Methane leakage, the fossil or renewable origin of the gas, 
oxygen production, reactor energy, drying, nutrient supply, and the feed ingredient displaced all affect environmental 
performance. This Article explains the biology and the system-level trade-offs. It argues that methane-derived protein is 
most defensible when it captures otherwise wasted biogenic methane, operates with strict leak control and low-carbon 
energy, and replaces a feed ingredient with a significant environmental burden. The technology should be evaluated as a 
complete carbon-management and feed-production system, not simply as bacteria growing on gas.
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ARTICLE AT A GLANCE

• Methanotrophs can produce concentrated protein without cropland, supporting feed diversification.

• Using fossil natural gas is not equivalent to mitigating methane emissions.

• Measured leakage and reactor energy are decisive in lifecycle climate performance.
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Figure 1. Methane-to-feed production through methanotrophic fermentation, including major process inputs, outputs, validation points, 
and system boundaries.

1. Methanotrophs treat methane as food
Methanotrophs are microorganisms that oxidise methane and assimilate part of its carbon into cellular material. In 
nature, they help regulate methane fluxes in soils, wetlands, sediments, and aquatic environments. Industrial systems 
exploit the same metabolism in gas-fed bioreactors. Methane and oxygen are transferred into a liquid culture containing 
nitrogen, phosphorus, minerals, and a selected methanotrophic community. The harvested cells are processed into a 
protein-rich meal.

The biological attraction is productivity. Methane is a reduced carbon source with high energy content, and bacterial 
cells can grow rapidly under controlled conditions. The biomass may contain a high proportion of protein and can be 
produced without cropland. Strong et al. (2015) reviewed the broader potential of methanotrophs to convert methane 
into fuels, chemicals, and biomass, describing methane not only as an emission but also as a biological feedstock.

Industrial processes often use a stable mixed culture rather than one purified strain because partner organisms may 
consume by-products or support vitamins and growth factors. This complicates the simplistic image of a single organism 
producing a uniform material. Manufacturers must control community composition, gas transfer, contamination, and 
batch consistency while meeting feed standards. The product is ultimately judged by amino-acid profile, digestibility, 
palatability, animal performance, and safety.

2. The feed-security argument
Aquaculture and livestock production require concentrated protein. Fishmeal offers high nutritional quality but is 
constrained by marine resources and price volatility. Soybean meal is widely used but connects feed demand to 
cropland, fertiliser, trade, and land-use change. Microbial protein can reduce dependence on both because its production 
footprint is compact and its output is less seasonal. Pikaar et al. (2018) modelled industrial feed pathways as a 
mechanism for decoupling livestock production from agricultural land.

Feeding trials have shown that bacterial protein meals can replace part of conventional protein in selected diets when 
formulations are balanced. Research in salmon and other animals indicates that performance depends on inclusion level, 
processing, digestibility, and the nutritional composition of the total feed rather than the ingredient in isolation 
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(Øverland et al., 2010). Cell-wall components, nucleic acids, and taste can limit inclusion, while microbial lipids or 
bioactive compounds may offer benefits.

The strongest commercial logic may therefore be substitution rather than total replacement. A feed mill can use 
microbial protein as one component alongside cereals, oilseed meals, amino acids, minerals, and other ingredients. This 
approach allows nutritionists to exploit consistent protein and reduce pressure on a scarce ingredient without requiring 
one microbial product to reproduce every function of fishmeal or soy.

3. The climate claim depends on the source of methane
Methane has a strong warming effect, but using methane as feedstock does not necessarily prevent an emission. Natural 
gas extracted for a protein plant might otherwise have remained underground or been used for energy. In that case, the 
process is better described as gas-based manufacturing than methane mitigation. By contrast, methane from landfills, 
manure digesters, wastewater, or stranded biogas may represent a waste stream that would be flared or released. The 
climate case is stronger when the system captures this biogenic methane reliably.

Leakage is crucial. Because methane is potent at low atmospheric concentrations, small losses during collection, 
upgrading, compression, transport, or reactor feeding can erode climate benefits. A lifecycle study must use measured 
leakage rather than assuming perfect capture. It must also account for electricity used in compression, mixing, oxygen 
supply, cooling, centrifugation, and drying. If that energy is carbon-intensive, land savings may coexist with a high 
fossil footprint.

The comparison product matters as well. Replacing fishmeal may reduce pressure on marine resources; replacing soy 
linked to deforestation can avoid land-use emissions; replacing locally produced low-impact feed may yield smaller 
gains. Environmental assessment should include greenhouse gases, land, water, eutrophication, energy, and biodiversity. 
Matassa et al. (2016) emphasise that microbial protein can have a low footprint, but the result is conditional on system 
design.

4. Safety and engineering are inseparable
Methane and oxygen form flammable mixtures, so reactor engineering requires rigorous control. Gas transfer must be 
efficient enough to support growth without creating unsafe concentrations or releasing unconsumed methane. Facilities 
need continuous monitoring, pressure control, explosion protection, and protocols for shutdown. These requirements 
influence capital cost and determine which locations and methane sources are practical.

Feed safety begins with the organism and substrate. Producers must demonstrate absence of pathogens, toxins, 
hazardous contaminants, and undesirable residues. Biogas streams may contain hydrogen sulphide, siloxanes, or volatile 
contaminants that require removal. Biomass composition must remain consistent across production runs. Processing 
should reduce viable cells where required, improve digestibility, and stabilise the meal against spoilage.

Regulatory approval generally requires compositional analysis, manufacturing information, toxicology where relevant, 
target-animal feeding studies, and assessment of residues in animal-derived foods. A climate narrative cannot substitute 
for these data. The product must perform as feed first. The most convincing projects therefore integrate environmental 
monitoring with nutritional science, veterinary safety, and industrial quality management.

5. Where methane-to-protein is most credible
The technology is most compelling near a concentrated, stable methane source that is already collected. Large anaerobic 
digesters, wastewater plants, landfills, or industrial biogas facilities may fit this condition. Co-location can reduce 
transport and create use for gas that is difficult to inject into a grid. Waste nutrients or recovered ammonia may also 
support cultivation, although food-chain safety must be demonstrated before circular inputs are used.

Low-carbon electricity and heat recovery strengthen the case. Drying is energy intensive, so using waste heat or 
producing a moist ingredient for a nearby feed mill may reduce impacts. Continuous methane measurement should be 
part of plant performance, not an occasional audit. Companies should report gas origin, leakage boundaries, energy mix, 
yield, and the product displaced, allowing independent comparison.

Methane-to-protein is therefore neither a simple climate solution nor a technological curiosity. It is a potentially valuable 
junction between waste-gas management and feed production. Its future will depend on disciplined siting and 
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transparent accounting. When biogenic methane would otherwise be wasted, leakage is tightly controlled, energy is low-
carbon, and the meal replaces a high-impact feed ingredient, methanotrophic protein can create genuine circular value. 
Without those conditions, the same biology may merely shift carbon through another industrial process.

6. The metrics that would settle the debate
Methane-to-protein facilities should report a small set of comparable metrics: kilograms of methane supplied and 
consumed, measured methane loss, biomass yield, protein yield, electricity and heat use, water use, oxygen demand, 
nitrogen source, and drying energy. Environmental claims should state whether the methane is fossil, upgraded biogas, 
landfill gas, or another stream, and what would have happened to it without the project. These disclosures allow climate 
performance to be evaluated independently.

Feed studies should report digestible amino acids, inclusion level, feed-conversion ratio, growth, mortality, gut or 
immune effects where relevant, and product quality. Results should be compared with a nutritionally balanced control, 
because simply replacing fishmeal or soy without reformulating the diet can create deficiencies unrelated to the 
microbial ingredient. Long-term studies are needed to identify effects that short growth trials may miss.

Economic analysis should distinguish the value of methane treatment from the value of protein. A facility receiving a 
gate fee for waste gas has a different business model from one purchasing pipeline natural gas. Carbon credits, avoided 
flaring, nutrient recovery, and feed sales may all contribute, but each revenue source should be explicit. With transparent 
metrics, projects can be selected for locations where both the climate and feed cases are strong rather than where one 
narrative hides weakness in the other.

7. A cautious pathway to deployment
Deployment should proceed through monitored demonstration corridors rather than immediate large-scale replication. A 
project can begin with one methane source, one production train, and one feed species, while publishing monthly 
methane balances and independent feed-quality results. Regulators, feed manufacturers, environmental agencies, and 
local communities should agree in advance on monitoring responsibilities and shutdown thresholds. This staged 
approach makes failure informative: if leakage, gas variability, or product composition exceeds limits, engineers can 
identify the cause before the model is copied elsewhere. It also prevents carbon-accounting assumptions from becoming 
embedded in commercial claims. As performance data accumulate, facilities can be compared using the same system 
boundaries and feed benchmarks. Methane-to-protein will earn confidence not from the novelty of converting gas into 
cells, but from repeated evidence that a specific plant controls a specific methane stream and supplies a safe ingredient 
more efficiently than realistic alternatives.

Key takeaways

• Methanotrophs can produce concentrated protein without cropland, supporting feed diversification.

• Using fossil natural gas is not equivalent to mitigating methane emissions.

• Measured leakage and reactor energy are decisive in lifecycle climate performance.

• Feed value depends on digestibility, formulation, animal trials, and contaminant control.

• The strongest projects are co-located with stable biogenic methane sources and low-carbon utilities.
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