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Abstract 
Current food production practices tend to damage and deplete soil, diminish biodiversity and 
degrade water supplies. For agriculture to become environmentally sustainable and 
simultaneously increase food output for a growing world population, fundamental changes in 
agricultural production systems are required.  
 
Renewable energy can reduce greenhouse gases (GHGs). But we also need simple, low-cost 
approaches to remove atmospheric carbon and sequester it in stable forms. Recycling of 
digestate from anaerobic digestion of agricultural and waste materials to soils can  sequester 
atmospheric carbon and provide many other economic, social and environmental benefits.  
 
Biogasdoneright™ (BDR) is a set of practices that link biogas production with sustainable 
agriculture. The BDR approach to sustainable agriculture is being implemented at large scale 
in Italy. In this paper, we examine the potential impact of implementing BDR in selected other 
countries. The biomethane potential in these countries, estimated conservatively, varies from 
about 10-30% of their current annual natural gas consumption. Biomethane from sequential 
(double) crops provides by far the greatest fraction of the biomethane potential. Double-
cropping also drives many of the environmental and economic benefits of BDR systems. 
  
Depending on where and how widely it is implemented, producing biogas in BDR systems 
could have very significant national-level impacts. For example, sufficient biomethane could 
be produced in Argentina to completely eliminate imports of natural gas, equivalent to about 
28% of Argentina’s 2017 trade deficit. In the United States, renewable biogas could generate 
electricity nearly equal to all the electricity currently produced by domestic solar and wind 
resources.  
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Biogasdoneright™: An Overview of Its Practices and Effects on the Sustainability of 
Agriculture 
Biogasdoneright™ or BDR1 is a set of linked practices for more sustainable production of 
food that is tightly coupled with both production and conservation of energy.  BDR depends 
significantly on sequential cropping to produce energy “double” crops for anaerobic digestion 
in highly integrated food and energy provisioning systems. Food crop production is not 
adversely affected by double crops, which are typically grown in seasons when most food 
cropland is fallow. These energy crops represent “additional carbon,” that is, carbon removed 
from the atmosphere by BDR’s cropping system above and beyond the carbon fixed by 
current agricultural practices. Energy and food crops are chosen from among those crops 
most suited to specific agro-ecological situations2.  
 
Energy crops, plus crop residues, manures and agro-wastes are converted to biogas and 
thence to electricity, heat and/or biomethane (i.e., renewable natural gas or RNG).  Stable 
carbon and plant nutrients are recycled to the fields by applying residual digestate. Addition 
of digestate to the soil increases soil organic matter levels by incorporating additional organic 
matter from off-farm agroindustry wastes, and also the aboveground biomass from double 
crops and food crop residues. 
  
About half the atmospheric carbon taken up by double crops is partitioned below ground to 
the roots, so that even with harvesting the aboveground biomass these double crops can 
increase soil carbon accumulation3,4. The vast majority of that aboveground biomass carbon 
would normally decompose to atmospheric CO2 within a year, and less than ten percent 
would become soil organic matter5,6.  
 
In contrast, in a digester about 70% of the carbon goes to biogas and 30% is transformed into 
more stable carbon in the digestate residue7. If properly stored and then injected into the soil, 
the applied digestate contains almost all of the original nitrogen (N) as ammonium nitrogen, a 
much more available and predictable source of N than fresh manure or compost7,8. Likewise 
the digestate contains nearly all of the original phosphorus and potassium plant nutrients, 
thereby avoiding the GHG emissions and other environmental impacts associated with 
mining, transporting and applying these nutrients9. 
  
The additional carbon and nitrogen improve soil fertility, boost the yields of subsequent food 
crops and reduce the need to bring new land under cultivation to provide more food for a 
growing population.  These energy crops, together with currently-produced food crops, 
provide essentially year-round soil cover, thereby reducing flooding and erosion and also 
improving water quality. These continuous soil cover cropping practices are combined with 
state-of-the-art agricultural technologies including precision tillage, organic fertilization, 
improved timing of nutrient application to soils, etc. to enable more sustainable co-production 
of food, fodder and fuel10,11.  
  
The Italian example demonstrates that, in many cases, biomethane and electricity can be 
delivered to consumers through existing or enhanced gas and electrical grids. BDR can 
therefore help avoid significant additional capital investments in energy transmission 
infrastructure (with the resulting GHG emissions and other environmental impacts) and/or 
reduce the likelihood of stranded assets for distributing electricity and natural gas. 
  
Crucially, BDR simultaneously increases farm income by selling energy products as well as 
non-energy coproducts including pasteurized animal bedding, liquid fertilizers, forage drying 
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services and others. Practicing BDR also reduces farm operating expenses (chiefly by greatly 
reducing purchased fertilizer costs), thereby making farming more efficient and profitable.  
With better economic returns to the agricultural sector and greater free cash flow at the farm 
level, the BDR approach can spread more rapidly: the capital required will be more readily 
available and the need for public policy support diminished. 
  
The BDR approach with its many linked “win-win” outcomes (Fig.1) has been implemented 
on over 600 Italian farms over the past few years12.  The carbon footprint of electricity produced 
from selected Italian farms practicing BDR has been estimated13. Depending on the specific 
feedstocks used, the marginal GHGs of this farm-produced electricity range from -335 to 25 
grams of CO2 per kilowatt hour (kWhe). By comparison, the marginal GHG emissions of fossil 
fuel-based electricity in the European Union (EU)14 are 752 grams CO2 per kWhe while 
emissions from conventional (maize silage-derived) biogas are 202 grams per kWhe. 
 
Given the positive example provided by BDR as practiced in Italy (Fig.2), the question we 
address in this paper is: “What is the biogas production potential in selected other countries 
using the practices of BDR?” To provide additional insights, the potential impacts of 
widespread BDR practice in three specific countries (France, Argentina and the United States) 
are analysed in greater detail. 
 

Estimating the potential of BDR in other countries 

The potential biogas production from “integration biomass feedstocks” was estimated for 
selected countries. These integration feedstocks are defined as those that can be produced 
without expanding the current agricultural land area.  
We considered the following to be “integration biomass”: 

1. Sequential crops: crops grown before or after the main (food) crops on land that 
would otherwise be left fallow (See Table 1 for examples of various sequential crops) 

2. Crop residues resulting from the primary food crops 
3. Livestock manures 
4. Agro-industrial by-products 

The biogas production potential from each of these integration biomasses was estimated for 
selected regions and countries as described below. 
  
Sequential crops  
Available land for sequential cropping under the BDR system was estimated using a 
conservative approach. National-level official statistical data were compared with data from 
the FAO for the year 2015 (2014 where 2015 data were not available)15,16,17,18,19.  Crop 
distribution was estimated for each selected country/region in terms of agricultural land area 
currently used to grow that crop. The most suitable areas where existing agricultural systems 
could be integrated with sequential cropping were thereby identified. The specific biomethane 
yield assumed for sequential crops was 310Nm3 CH4/t of volatile solids (VS) or 285-290 Nm3 
CH4/t dry matter(DM))20,21.  
For the United States and Argentina, only non-irrigated areas were considered suitable for 
sequential cropping.  Conservative sequential crop yields of 3-4 t DM/ha were assumed22.  
For Italy some productive agricultural areas were also considered suitable because of their 
climate and rainfall or because they are irrigated or irrigable. Assumed sequential crop yields 
in these more productive areas were higher (9-12 t DM/ha) (Table 2). Otherwise, the more 
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conservative sequential crop yields of 3-4 t DM/ha were assumed for less productive 
agricultural areas of Italy.  
For France, sequential crops are assumed to be cultivated on 10.7 Mha, i.e., on 60% of arable 
land. Yields vary considerably from one year to the next. Sequential crops would be 
harvested only when the yield is over 4 t DM/ha; otherwise they would be left in the field as 
green manure. This is a more conservative assumption than was made for other countries, so 
it likely underestimates the amount of sequential crops actually available in France for 
anaerobic digestion. 
Within these constraints, it is assumed that in France sequential crops would be harvested on 
3.2 Mha each year at an average yield of 5.1 t DM/ha. About 7.5 Mha would produce 
unharvested sequential crops with an average yield of 3 t DM/ha. The specific biomethane 
yield is estimated at 288 Nm3/t DM, taking into account the annual variability of the biomass 
quality, the maturity of sequential crops and the potential loss of methane production during 
the 1 to 2 years of ensiled storage assumed to be required. 
 
Livestock effluent  
We include: cattle (beef cattle and dairy cows in feedlots and confined housing only), pigs, 
poultry (broilers, laying hens), turkeys and ducks (when present). The total amount of 
livestock effluent produced and the amount of dry matter excreted by each species was based 
on total livestock weight, considering the number of “confined” animals bred and their 
average live weight23,24,25,26.   
The production of biomethane per head of dairy/beef cattle was estimated without including 
straw bedding.  To avoid potential double counting, straw bedding was considered to be part 
of the available crop residues (see below). Moreover, for dairy cattle, only dairy cows were 
included because they produce 70-80% of the total biomethane produced by the herd. For 
pigs, we considered only fattening animals (from 40 to 120 kg) because they produce most of 
the manure from swine due to their numbers and live weight. For broilers, 4.5 breeding cycles 
per year were assumed to estimate the biomethane produced per year with 1 kg/area-year of 
straw bedding. For turkeys, the biomethane produced per year included 3 kg/head-year of 
straw bedding.  
Finally, different fractions of the total manure generated were considered available for 
anaerobic digestion for each animal class: 10 to 80% for beef and dairy cattle depending on 
the country, 50% for swine and 70% for all poultry. 
 
Crop residues 
The availability of agricultural residues was estimated using following parameters: 1) total 
production for each herbaceous main crop, cereals and maize grains using official average 
yields for every region or country; and 2) the harvest ratio between the by-product and the 
main product for each crop considered, with that ratio calculated on a mass basis 27,28,29,30,31.  
Half of the total crop residues and agro-industrial byproducts (see below) generated were 
assumed to be available for anaerobic digestion. 
 
Agro-industrial byproducts 
Agro-industrial byproducts potentially available from the manufacturing/processing 
industries were estimated for the following crops/products: grapes, olives, citrus, tomatoes, 
potatoes, meat and milk31,32,33,34,35,36. For each processing industry, the byproducts generated 
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were calculated based on the following data: 1) raw material inputs processed (milk, 
tomatoes, grapes, olives) for each final product obtained, and 2) the quantity of each by-
product per unit weight of input raw material. 
   
The amounts of the different biomass materials (residues and by-products) produced were 
coupled with a feedstock-specific biomethane yield per ton of fresh matter, based on the 
specific average dry matter (DM) content and the content of Volatile Solids (VS). The 
biomethane yield data used here were taken from the CRPA (Research Center on Animal 
Production, Reggio Emilia- Italy) laboratory database consisting of more than 3000 analyses 
performed on more than 250 different materials 37,38,39,40, 41 (Table 3). 
 

Results 

We observe (Table 4) that the biomethane potential varies from 12-14 billion m3 to 63-74  
billion m3 per year; representing 10% to 30% of national consumption of natural gas in each 
of the countries considered42,43,44. Biomethane from sequential (double) crops provides most of 
the biomethane produced. This is critically important because it is also double-cropping that 
drives many of the environmental and economic advantages of BDR systems, as well as the 
obvious advantage of scale. Biogas from agro-industrial by-products provides a relatively small 
share of the total biogas produced. The available quantity of these by-products is generally 
modest, and the resulting renewable natural gas production is small relative to the total use of 
natural gas. 
 
In some places, the potential for BDR is relatively small.  For example, in the UK, the 
amount of biomethane that we estimate could be produced is about 3.2 Bm3, or about 3% of 
the UK’s current natural gas consumption, due to the limited potential for application of 
double cropping in the UK. The limitations arise because we assume that the land area in the 
UK currently used for arable cropping has low potential to implement the BDR sequential 
cropping systems advocated due to a relatively short primary growing season compared to the 
longer growing season and greater degree days available in continental Europe.  
 
However, a rapid increase in the length of growing period in the UK has been seen over the 
last decade45, albeit at slower rates than the rest of Europe and innovative cropping patterns 
that could include winter cover double cropping are now being considered.  For the European 
Union (EU-28) as a whole, however, the biomethane potential is about 63 Bm3, or 
approximately 14% of current natural gas consumption.  All results given in Table 4 are 
believed to be conservative estimates.  
 
We now briefly discuss the potential for Biogasdoneright™ in the United States, in Argentina 
and in France to illustrate the different impacts the BDR approach might have in three very 
different countries, all practicing modern agriculture.    
 
BiogasDoneRight™ – Potential Benefits for the United States 

The United States has 440 million hectares of agricultural land of which 170 million hectares 
are under arable crops46. The U.S. economy has been rapidly transitioning away from coal 
toward increased use of natural gas, which in 2018 provided 1365 TWh electricity, an increase 
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of more than 50% during the last decade. Natural gas now supplies 40% of all electricity 
generated in the United States47.  
 
Increased natural gas consumption is driven by abundant shale gas available through hydraulic 
fracturing. The existing and expanding natural gas infrastructure for heat, power, and 
increasingly for both transportation and chemical production, also provides important 
opportunities for expanded biogas and especially renewable biomethane. New and existing 
natural gas infrastructure can be used to supply biomethane from renewable biomass. 
  
The U.S. Renewable Fuel Standard (RFS2) shows how biomethane might leverage natural gas 
infrastructure48. The RFS2 includes a mandated set of targets for different types of renewable 
transportation fuels, including cellulosic biofuels.  Commercial production of liquid cellulosic 
biofuels has lagged far behind those targets, so that during the last four years over 97% of the 
cellulosic biofuels category in the RFS2 has been supplied by biomethane. 
  
Thus far, biomethane has mostly been produced from landfills, but some agricultural digester 
operations are beginning to participate. In 2018, price premiums for biomethane through this 
program were up to eight times higher than the price of fossil natural gas, ranging between $31 
and $89 per MWhth. Such price premiums can provide a significant incentive for biomethane 
separation, gas cleanup, and where necessary, truck transport of the renewable natural gas to 
pipeline injection points. (Price premiums have been lower in both 2019 and 2020.) 
 
Renewables represented 18% of U.S. electricity generation in 2018. Half of those total 
renewables were due to solar and wind49, which are intermittent and variable.  (Hydroelectric 
power provides nearly all of the remaining renewable electricity.) Fossil natural gas is the 
primary dispatchable energy source to meet peak electricity demand and to compensate for 
intermittent electricity from renewables.  
 
This fact represents a significant future opportunity for biomethane. Assuming 42% efficiency 
in converting biomethane to electricity, biomethane could provide about 320 TWhth of 
electricity, approximately 80% of the 408 TWhth of solar and wind electricity  produced in the 
United States in 201950. In addition, the U.S. natural gas distribution system has about one 
month of storage capacity, so the infrastructure is in place for biomethane to provide 
dispatchable renewable electricity.  
 
Under current BDR practices, the near term opportunities for agricultural biogas to contribute 
to the U.S. energy supply include manures from livestock, crop residues, sequential cropping, 
and agro-industrial residues, as indicated in Table 4. Together, these agricultural sources, 
conservatively estimated, could provide about 10% of the 750 million m3 of natural gas 
currently consumed annually in the United States49 Switchgrass and other dedicated energy 
crops could also provide massive amounts of biomass for anaerobic digestion while 
conforming to BDR objectives, but we do not consider the potential for dedicated energy crops 
in this article51. 
 
Application of BDR in Argentina 

Argentina's agricultural sector is a globally-significant supplier of food, feed, and 
biofuels/biomaterials but it faces enormous near term challenges and opportunities. Challenges 
to Argentina’s agricultural sector include the cost and reliability of energy supplies, loss of soil 
nutrients, increased resistance of weeds to herbicides, increased rainfall and the resulting 
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flooding, tight economic margins for farmers, further loss of soil organic matter and 
deterioration of soil physical properties, cost of fertilizers, contamination of groundwater, 
rivers and lakes by wastes and nutrient leaching and other emissions due to poor management 
of organic wastes. On the energy side of the equation, Argentina’s current favourable 
renewable energy policy and its large natural gas imports (paid for in US dollars) increase the 
importance of biogas produced using BDR principles. 
 
These problems represent a challenge but also an opportunity to apply BDR principles since 
many of them could be substantially resolved by applying BDR. Double (sequential) cropping 
is attracting increased attention from farmers as a way to remove excess water, fix plant 
nutrients and increase biomass yields. Wheat/soybean & wheat/corn rotations as double crops 
have long been practiced over large areas, so this experience is available to promote increased 
application of BDR. The wide-spread use of no-till practices also increases the potential for 
applying BDR, since timing of planting dates is less constrained. 
 
Recent life cycle studies on conventional biogas plants using a mixture of corn silage/animal 
wastes shows that the fertilizers and energy used to produce corn silage critically, and 
negatively, affect the results52.  Thus some of these conventional biogas plants are replacing 
corn silage with agroindustrial residues, thereby greatly improving the GHG emissions and 
energy balances. 
 
Tests by Argentina’s National Institute of Agricultural Technology (INTA)53 demonstrate the 
crucial importance of continuous soil cover (eg, via double cropping) for improved soil 
stabilization, decreased wind and water erosion and reduced herbicide use. When double 
cropping is combined with precision digestate application, fertilizer use can be decreased, 
thereby lowering the gap between nutrient uptake by the crops and the nutrients which must be 
purchased and applied.  
    
Natural gas already represents about 50% of the Argentine national energy matrix (average 
over the last three years). Also, Argentina’s gas distribution network exceeds 15,000 km in 
length and natural gas use in the transport sector already includes more than 1.6 million natural 
gas-powered vehicles54,55, representing about 15% of the total vehicle fleet. 
  
Argentina is becoming more aware of the potential for biogas as a renewable energy source.  
A 2016 survey identified more than one hundred proposed new biogas plants. In the last 
national call for renewable energy projects, 36 new projects with an overall installed power of 
75 MWe were submitted. The biogas potential in Argentina exceeds total 2017 natural gas 
imports56.  Significantly, natural gas imports into Argentina are equivalent to US$2.3 billion, 
or about 28% of Argentina’s overall trade deficit. 
 
Biogasdoneright™ in France: Some Promising Synergistic Results 

The French agricultural programme METHALAE shows that practicing BDR agricultural 
principles has significant positive effects at the farm scale under practical conditions for the 
46 farms monitored during this study57. Several examples of these farm scale results and 
benefits based on reports from participating farmers and actual data gathered are provided 
here. 
 
Application of digestate to the fields improves nitrogen use efficiency in crop production58,59.  
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Overall, mineral fertilisation decreased by 20% after the farms started applying digestate 
(Fig. 3) and the area fertilized with organic matter increased from 50% to 65%. The organic 
matter level in the soil is thereby improved or at least maintained, improving soil fertility. 
The overall nitrogen balance, i.e., the difference between N added to the soil and N extracted 
from the soil via crops, was improved by applying digestate on the farms studied (Fig. 4). 
The smaller this difference, the more nitrogen is used productively and not discharged to the 
enviroment. 
 
Additional energy inputs were needed for digestate spreading and sequential crop cultivation 
but these were more than compensated for by reduced fertilizer purchases and on-farm use of 
bioenergy. Average primary energy consumption including both direct (fuel, etc.) and 
indirect energy (fertilizers, etc.) decreased from 66 to 61 GJ/ha for the 46 participating 
farms60. When biogas production is included, net primary energy consumption decreased by 
50%60 . Six of the farms studied are actually net energy positive. 
  
Average gross GHG emissions per hectare decreased by 10%, primarily due to a 66% 
decrease in GHG emissions during manure storage60. Indirect emissions (fertilizer 
production) decreased by 10%, N2O emissions by 4%, and enteric fermentation increased 
slightly (~4%) as herd size grew. Moreover, emissions of 1.0 tCO2e/ha/year are avoided by 
energy substitution (biogas). Furthermore, carbon storage at the farm scale increased by about 
0.3 tCO2e/ha/year, both as increased soil organic matter and increased biomass stocks, mainly 
due to sequential crop cultivation60.  
 
Some additional, unexpected beneficial effects on animal well-being were also reported by 
the farmers. Due to more frequent removal of manure, disease frequency and juvenile 
mortality have been reduced61. The use of cogenerated heat to warm barns also improves 
animal welfare. Participating farmers thought that practicing BDR principles improved their 
societal acceptance, thanks to biomass exchanges with other farmers or industries and 
reduced odor problems62.  
 
As outlined above, BDR offers positive agronomic impacts on existing agroecosystems. 
Applied more broadly, BDR can also lead to more sustainable agroecosystems. For example, 
practicing BDR would incentivize work to breed better, higher-yielding fodder crops because 
these crops could be fed to the digester, rather than solely to livestock. If the value of fodder 
crops increases because they can be used as both “green manure” and bioenergy feedstocks, 
farmers would have additional options to improve farm economics and environmental 
sustainability.  Having more cropping opportunities promotes longer crop rotations and 
increased ground cover, both key drivers of positive agroecological outcomes.  
 
Summary of BDR benefits and outcomes to date 

BDR is a new way to more sustainably produce both fuel and food. It represents a “real world” 
example of the sustainable intensification of agriculture required to address the simultaneous 
demands of food, energy and environmental security. The Biogasdoneright™ movement is still 
growing, innovating and learning-by-doing.  
  
Italian farmers practicing BDR have shown that it is possible to improve cash flows and 
diversify market outputs for farms, while simultaneously increasing crop yields, saving on 
pesticides and fertilizer inputs and better amortizing fixed costs (land costs) via sequential 
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cropping. Sequential cropping for biogas production enables farmers to make more profitable 
and more sustainable use of their single greatest capital asset: their land. 
 
Practicing BDR principles reduces purchased inputs by farmers, enabling them instead to invest 
in innovation while increasing soil fertility. Over the past few years, farmer/entrepreneurs 
practicing BDR have begun to shift their investments. At first, additional income was invested 
in the energy sector. Currently, however, increased revenues are invested in new agronomic 
and food production methods, for example, in fertigation63 and precision tillage. According to 
an internal Italian Biogas Consortium (CIB) survey, about half of the increased revenue arising 
from the renewable energy production has been reinvested in innovations in agronomic 
practices, improved food quality and food security.  
 
Agriculture is an industry. Like other industries, financial health is essential if agriculture is to 
innovate and become more sustainable. Globally, however, crop commodity prices are at 
historically low levels and are experiencing high price volatility64. Markets for traditional crops 
are already saturated. Further increasing crop production without other systemic changes will 
further depress crop prices and exacerbate food price volatility and will not increase the net 
revenues required to innovate. However, increased net income resulting from renewable energy 
products and decreased expenses will help generate the additional cash flow required to make 
the necessary innovations in agricultural sustainability.  
  
We will not solve linked problems by addressing them in isolation. We must address linked 
problems as an integrated whole, using synergistic, or “win-win” approaches. We view 
sustainable energy as a vehicle to enhance investment in sustainable agriculture and thus as 
an important enabler of sustainable agriculture. Biogasdoneright™ is a proven vehicle by 
which sustainable energy can enable a sustainable agricultural intensification. 
 
Acknowledgements. Support for this research was provided by USDA NIFA grant# 2012-
68005-19703 for Tom Richard and by Michigan State University Ag/Bio Research and the 
USDA National Institute of Food and Agriculture for Bruce Dale.  
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Tables and Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 | Basic Processes and Effects of Biogasdoneright ™ system 

 
 

 
 
Fig. 2 | Biogasdoneright approach in Italy 
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Fig. 3 | Use of mineral fertilization on the METHALAE farms. Source: programme 
METHALAE – Rapport d’expertise environnementale. Décembre 2018. 
https://solagro.org/images/imagesCK/files/Agronomie_et_Env_Expertises.zip. 

 

 
Fig. 4 | Global balance of nitrogen between before and with BDR on the METHALAE 
farms Source : programme METHALAE – Rapport d’expertise environnementale ) 
Décembre 2018. https://solagro.org/images/imagesCK/files/Agronomie_et_Env_Expertises.zip 

 
 
Table 1 | Examples of sequential crops. Uppercase denotes sequential crops grown for 
biogas production while lowercase denotes crops produced for food/feed markets. 

Winter crops Summer crops 

TRITICALE Maize or Soy or Tomato 

RYEGRASS Maize or Soy or Tomato 

Wheat, Barley SORGHUM 

https://solagro.org/images/imagesCK/files/Agronomie_et_Env_Expertises.zip
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FORAGE MIXES Maize or Soy or Tomato 

WHEAT, BARLEY Maize grain 

Horticultural crops SORGHUM 

Wheat   MAIZE SILAGE 

LEGUMES MIXTURES Legume grains 

Durum wheat ITALIAN SAINFOIN 

Durum wheat SORGHUM 

 
Table 2 | Sequential cropping: land area available, crops and crop yield.   

Country 

Top crop 
system & 
Land area 
considered 
(millions 

ha) 

Land area available 
for sequential 

cropping 
Sequential crops 

Notes 
% 

UAA 
(millions 

ha) Species Yield      
(tDM/ha) 

United 
States 

Maize grain, 
soybean, 
tomato, 
potato, dry 
beans, and 
green beans 
(> 70 
million ha) 

50% 35.16 
Triticale, 
Ryegrass, 

Barley 
3 – 3.8 

No irrigated areas considered. Land for 
cereal crops other than maize and forage 
crops not considered.  

Argentina 

Wheat, 
other 
cereals, 
maize, 
soybean, 
sunflower, 
tomato, 
potato (30.2 
million ha) 

30% 9.2 
Triticale, 
Ryegrass, 

Barley 
3 

No irrigated areas considered. Double 
food crop already present on 4.7 million 
ha. 

Italy 

Cereals, 
forages, 
soybean, 
tomato  
(5.5 million 
ha) 

40% 2.0 

Triticale, 
ryegrass, 
barley, 

sorghum, 
maize 

9 – 12 Irrigated area: 43% arable land. 
Arable land: 6.97 million ha 

France 
Arable land 
(18 million 
ha) 

18% 

3.2 with 
harvested 
sequential 
crops – 7.5 
Mha with 

unharvested 
sequential 

crops 

Sweet 
sorghum, 

maize, 
moha, rye, 
triticale, 
maslin, 

often added 
with 10-

20% 
leguminous 

5.1 
(average) Irrigated area not considered.  

United 
Kingdom 

Cereals, 
forages, 
maize, oil 
seed rape, 
potatoes 
green beans, 
sugar beet)  
(1.27 
million ha) 

19% 0.25 

Triticale, 
ryegrass, 
barley, 

sorghum 

3.8 – 6 
Arable land: 6.06 million ha 
Land for cereal crops other than maize 
and forage crops not considered. 
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EU-281 
Maize, 
wheat (38 
million ha)2 

50% 19.0 Triticale, 
maize 6.83 

1 Gas for Climate Report, 2018 
(www.gasforclimate2050.eu/) 
2 Considered agricultural land  producing 
wheat and maize respectively within the 
EU, excluding Nordic countries 
(Finland, Denmark, Sweden), Ireland 
and Baltic States (Estonia, Latvia and 
Lithuania) 
3 Sequential crop average yields: 40% of 
main crop yield 

 
Table 3 | Average specific biomethane yield for every biomass material used to estimate 
biomethane potential (see bibliography).  

 Biomethane (Nm3/t VS) Volatile solids – VS (% 
DM) 

Crop residues (straw, corn cobs and stalks, etc.) 220 90% 

Livestock effluents                              - cattle 220 83% 

- pigs 280 – 320 83% 
- laying hens 280 – 320 70% 

- broilers, turkey 250 – 280 83% 
Animal  by-products            - slaughter industry 

- milk industry 
500 
370 

93% 
90% 

Vegetable by-products                            - grapes 
- others 

110 
300 – 330 

95% 
95% 

 

Table 4 | Biomethane: conservative annual production potential for each 
country/region   

 US Argentina Italy  France UK EU-281 

  Biomethane (Billion cubic meters) 

Sequential crops 35.1 10.5 8.90 4.70 0.32 40.4 
Agricultural 
residues   29.8 2.84 0.72 2.70 2.03 4.86 
 Livestock 
effluents 7.63 0.89 2.59 2.40 0.69 15.40 
Agro-industrial 
by-products 1.06 0.14 0.54 0.40 0.15 2.20 
Unused grass -- -- -- 1.2 -- -- 
Biomethane 
potential 73.6 14.4 12.8 11.40 3.19 62.8 
Current 
natural gas 
consumption 
(NGC) 756.0 45.9 69.00 

43 (2017) 
27 (2050)2 101.0 465.0 

Biomethane 
potential (% 
NGC) 9.7 31.4 18.6 26.5 3.16 13.5 

1 Gas for Climate Report, 2018 (www.gasforclimate2050.eu/) 
2 For France, the gas consumption and the biogas potential are both given for the year 2050. According to the 
energy prospective scenario, the natural gas consumption would be reduced by 1/3, from 43 Bcm in 2017 to 27 in 
205068  

http://www.gasforclimate2050.eu/
http://www.gasforclimate2050.eu/
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