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Preface by Bruce Dale2
Our world is changing. Since the beginning of
the Industrial Revolution, over two centuries ago,
humankind has grown greatly in energy consumption,
wealth and population. These outcomes are all strongly
linked. With abundant energy, humans can produce
much more, including more food, become richer, reduce
infant mortality, control more diseases, live longer and
become better educated. All of these are good outcomes
enabled by inexpensive, abundant fossil fuels.
However, abundant fossil energy also encouraged
humankind to ignore or circumvent natural processes,
including maintaining soil fertility. Fertilizers based on
cheap fossil fuels and huge fossil energy inputs to plant,
till and harvest crops could substitute for loss of fertility.
With each hectare yielding more, we could, for a while,
ignore erosion, desertification and salinization of lands,
all destructive practices enabled by cheap, abundant
fossil energy. Overhanging all of these more localized
destructive outcomes are the largely destructive impacts
of global climate change driven primarily by fossil energy
use.
We are now in a time of transition. Oil, the queen of
the fossil energy resources, is increasingly expensive
and environmentally destructive to extract and use. The
peak of inexpensive, or conventional, oil production
passed in 2005. We have now entered the age in which oil consumption is largely supply limited, rather than
demand limited. Current low oil price levels are not an
exception to this statement. Economic growth requires
increased energy consumption, including more oil consumption. However, high oil prices over the past few
years have reduced economic growth, leading to lower
demand growth for oil and contributing to even more
global economic slowdown and thus reduced oil prices.
Current low oil prices will discourage investment needed
to bring new oil resources on line, leading to even more
restricted future oil supplies and much higher oil prices,
reducing economic activity still more. If we pursue our
present path, this downward spiral will continue.
Is there a way out of this and many other “vicious circles” currently afflicting humankind? Yes, there is. Our
way out begins with realizing that constantly growing
energy use and a constantly growing economy are physically impossible on a large but finite planet. We must
realize that our present economy is based primarily on
destruction of the planet and frequently on the exploitation of humankind. We must change the way we think
about the planet and about people.
Of all the things that are difficult to change, changing
our minds is the most difficult thing of all. But change we

must. We must change the question from “how can we
consume more this year?” to “how much do we need?”
We must change the question from “how can we do less
harm to the earth with our technologies?” to “how can
we meet our needs while making large environmental
improvements?” In a word, it is time for humankind to
grow up and get smart.
Humans need about 2-4 kilowatts of power per capita
to achieve good levels of education, health and economic activity. We need about 2000 kcal of food energy and
about 50 grams of protein per capita per day as macronutrients, plus a host of micronutrients. We need clean
air and clean water. We need a stable, moderate climate.
These are our basic physical needs.
Total world energy use is about 16 terawatts, or about 2
kilowatts for every person on the planet. But energy use
is not evenly distributed. Overall, many more people live
far below the 2-4 kW/capita threshold than live above
it. Uneven power consumption promotes uneven wealth distribution and resulting hunger. Also, about 85%
of current power consumption is based on fossil energy,
contributing significantly to growing atmospheric carbon dioxide levels. Modern agriculture is based on large
fossil energy inputs to produce a very limited range of
outputs to serve a few markets. It is thus both inherently
risky and unsustainable.
Thus we need to produce much more energy, but not
from fossil carbon resources. We must make energy production much more widespread and “democratic”. We
must increase soil fertility and overall agricultural production without increasing agricultural inputs. We must
produce much more food to provide for a growing human population while at the same time diversifying markets for agricultural products and attracting more investment in agriculture. We must take very large amounts of
atmospheric carbon dioxide and sequester it long term.
To say the least, this is a very challenging set of nested,
interlinked challenges.
The Biogasdoneright® platform technologies meet all
these needs and address all of these challenges. This article explains why and how. I deeply appreciate the work
done by Italian biogas producers to pioneer these simple, low-cost technologies that link sustainable agriculture with a sustainable planet. I am greatly honored that
they have chosen to name their project after work done
by me and my colleagues at Michigan State University
to produce sustainable liquid fuels from plant biomass.
But now, read for yourself what these visionaries are accomplishing and how they hope to diffuse their technologies world-wide.

2 Bruce Dale, Michigan State University Distinguished Professor; MSU AgBioResearch
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FOREWORD
revolution we added to the atmosphere.

A recent Google engineers article stirred the debate in
the renewable energy sector: “Suppose for a moment that
it had achieved the most extraordinary success possible, and
that we had found cheap renewable energy technologies
that could gradually replace all the world’s coal plants—a
situation roughly equivalent to the energy innovation study’s
best-case scenario. Even if that dream had come to pass, it
still wouldn’t have solved climate change. This realization
was frankly shocking: not only had RE<C failed to reach its
goal of creating energy cheaper than coal, but that goal had
not been ambitious enough to reverse climate change.” 3
This article proposes an inexpensive, widely-proven and
widely-applicable means of reversing climate change
using bioenergy and associated carbon capture and
storage. We propose a systemic approach to agriculture,
where we obtain food and feed and energy/biomaterials
from the same hectare of land already cultivated or
set aside. We achieve this target via a combination
of already existing and new farming techniques and
while we photosynthesize more carbon in the crops we
sequestrate CO2 from the atmosphere and we store it
in the soil, making it richer in organic matter and thus
more fertile.

All the most plausible scenarios where the CO2
concentration will remain under 450 ppm rely on some
forms of CCS technologies (either BECCS or conventional
CCS). “A pulse of CO2 injected into the air decays by half in
about 25 years as CO2 is taken up by the ocean, biosphere
and soil, but nearly one-fifth is still in the atmosphere
after 500 years. Eventually, over hundreds of millennia,
weathering of rocks will deposit all of this initial CO2 pulse
on the ocean floor as carbonate sediments”4.
There is then an urgent need to mitigate as much as
possible the CO2 emission from the conventional
agriculture, increase the NPP via additional carbon and
allocate as much as possible the additional carbon to the
soils, thus improving their fertility and make the farmland
more resilient to the current effects of climate change,
that farmers worldwide are beginning to perceive.
In order to produce additional carbon sustainably,
agriculture to look back to its past, where it was able
to produce food, feed and energy or biomaterials from
the same field, freeing the farms from the “addiction”
of conventional farming to fossil fertilizers, recycling the
additional carbon and the nutrients in the soil and thus
increasing their fertility.

We call these techniques biogasdoneright® since the
whole farm activity is designed around the anaerobic
digester (AD).

“Fossil fuels account for ~80% of the CO2 increase from
preindustrial time, with land use/deforestation accounting
for 20%. Net deforestation to date is estimated to be 100
GtC (gigatons of carbon) with ±50% uncertainty . Complete
restoration of deforested areas is unrealistic, yet 100 GtC
carbon drawdown is conceivable because:
1. the human-enhanced atmospheric CO2 level increases
carbon uptake by some vegetation and soils,
2. improved agricultural practices can convert agriculture
from a CO2 source into a CO2 sink
3. biomass-burning power plants with CO2 capture and
storage can contribute to CO2 drawdown”5.
A carbon negative agriculture able to produce for more
markets food, feed anergy and biomasterials is maybe
the best answer to the dilemma highlighted by the
google engineers.

Bioenergy is a controversial issue, questioned from
many Scientists and Policymakers. Many among them
believe that there is no way to produce organic carbon
for bioenergy without direct or indirect impact on food
and feed carbon availability, or without environmental
services limitations.
That could be even true if we consider current agricultural
techniques based on fossil fertilizers and fuels, or if we
imagine to clear virgin forest or grassland to get more
agricultural land to produce row crops.
This does not mean that we have to remove bioenergy from
the renewable energy pool. Agriculture and afforestation
are key players in the carbon cycle; biosphere and soil
are the biggest carbon reservoir today available where to
sequester and store the carbon that since the industrial

3 http://spectrum.ieee.org/energy/renewables/what-it-would-really-take-to-reverse-climate-change
4 “Assessing “Dangerous Climate Change: Required Reduction of Carbon Emissions to Protect Young People, Future Generations and Nature”
5 Hansen James, 2013 op. cit.
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Bioenergy and carbon capture
& Sequestration
Bioenergy is the only renewable source that could act, at
the scale that we need on the carbon cycle, as the Keeling
curve “swing” every summer is showing us.
KEELING CURVE 2014-2015

The IPCC6 recently once again pushed starkly forward
the thesis that in order to prevent abrupt climate
change scenarios the mere production of carbon neutral
electrons will not be sufficient, and that technologies
able to sequestrate CO2 directly from the atmosphere
will be needed. “Mitigation scenarios reaching about
450 ppm CO2eq in 2100 typically involve temporary
overshoot of atmospheric concentrations, as do many
scenarios reaching about 500 ppm to about 550 ppm
CO2eq in 2100”7 .
Depending on the level of the overshoot, overshoot
scenarios typically rely on the availability and widespread
deployment of BECCS8 and Afforestation in the second
half of the century.
The availability and scale of these and other Carbon
Dioxide Removal (CDR) technologies and methods are
uncertain and CDR technologies and methods are, to
varying degrees, associated with challenges, risks and

often with low Technology Readiness Level (TRL), not
to mention the social acceptance (conventional CCS
technology is at the moment strongly opposed by the
public opinion9).
In relation to BECCS, the IPCC underlines that “There is
uncertainty about the potential for large-scale deployment
of BECCS” . Moreover10 “Combining bioenergy with
CCS (BECCS) offers the prospect of energy supply
with large-scale net negative emissions which plays an
important role in many low-stabilization scenarios, while
it entails challenges and risks (limited evidence, medium
agreement). These challenges and risks include those
associated with the upstream large-scale provision of
the biomass that is used in the CCS facility as well as
those associated with the CCS technology itself.”.
According to IPCC then, BECCS systems are necessary
albeit they must prove that:
1. They are able to increase the amount of renewable
carbon that is sequestered, without lowering the
carbon that is needed for Food & Feed, material and
industrial applications and for environmental functions
such as increase or maintenance of biodiversity or
organic content of the soils;
2. the production of such renewable carbon will not
worsen the CO2 emission of the primary sector,
something that will occur when using conventional
agricultural techniques;
3. they are able to sequester the renewable carbon in
sinks that are stable, easy accessible, safe and equally
distributed worldwide;
4. the combined costs of capture, transport and
sequestration of CO2 will be the lowest possible;
5. the BECCS could be socially accepted when they will
bring positive externalities toward the challenges that lay
ahead of humans beside climate change (raising world
population, increased energy demand from developing
countries, soils desertification, biodiversity protection,
climate change induced migrations11).

6 http://mitigation2014.org/report/summary-for-policy-makers
7 CLIMATE CHANGE 2014 Synthesis Report http://www.ipcc.ch/pdf/special-reports/srren/Chapter%202%20Bioenergy.pdf
8 Bioenergy and carbon capture and sequestration
9 https://sites.utexas.edu/mecc/2014/05/09/ccs-in-poland-and-germany/; Public acceptance of CCS system elements: A conjoint measurement;
Lasse Wallquist, , Selma L’Orange Seigo, Vivianne H.M. Visschers, Michael Siegrist; Int. J. of Greenhouse Gas Control;, January 2012, Pages 77–83
10 Op. cit. pag. 21
11 The planet is facing challenges that have never been seen during its history. Global warming is only one of the facets of a complex problem
that links together climate change, increasing world population, water shortages, soil degradation, desertification and climate change induced
migrations.
12 (omissis)
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BIOGASDONERIGHT®
We use the term “biogasdoneright®”13 to describe a technological platform that combines Anaerobic Digestion
(AD) technologies and other Industrial and Agricultural
practices that when applied synergistically are able to:
• produce additional carbon both in already farmed
land and in land that suffer desertification or lowered
productivity, especially in dry lands,
• simultaneously increase the World Net Primary Production (NPP) of farmland and lower the negative
externalities associated with modern conventional
agricultural practices;
• continuous increase (until an equilibrium is reached)
of the organic content of soils sequestering carbon
at the required scale (> 1 Gton C per year) through a
steady management of new organic matter input to
the soils via green mulching and AD digestate spreading, thus also confirming and extending previous
results obtained by organic farming to ameliorate
soils health;
• realize this at very low cost, since the CO2 capture,
transport and distribution costs could be paid off by
services (the increase of soil fertility, soil water retention, soil biodiversity, etc) and sale of products
(food/feed, energy, biobased materials);
• contribute at the same time to an ecological agricultural intensification, to a capillary adoption of organic fertilization decoupled from the livestock industry
growth, increasing the resilience of ranchers and farmers to ongoing climate change effects, improving
the economics of farming, largely freeing farms from
fossil fertilizers and fuels and thus transforming BECCS from a cost to an economically profitable opportunity scalable worldwide, able to attract more investment toward primary sector as we also need at least
to increase food production.

bioenergy system, or using a non-food perennial crop
on farmland that already cultivated, are bridge solutions
that can be applied only in times like today, where prices
for agricultural commodities are low and the additional
demand from biofuels (especially corn ethanol) keeps
the price at a level that is still possible to produce14 rather
than leave the farmland to set aside, thus preventing the
farmers for going bankrupt.
Even without ethical considerations15, we recognize that
market diversification for farm outputs is needed to attract investments in the primary sector, thus contributing to the increased food production needed by the world increasing population.
But the use of plant biomass already produced for the
Food & Feed market is not able to remove substantial
amount of carbon from the atmosphere, at least not at
the scale required to stop and reverse climate change.
In general, the use of agricultural by-products or livestock manure moves carbon from one biome to another
one, and does not increase the carbon removed from
the atmosphere, but mitigates emissions from misuse
of these organic matrices (industrial by products and
manure).
What is needed then to develop effective techniques
of carbon sequestration is the production of additional
carbon, meaning carbon that today is not produced for
food, feed or any other application. This additional carbon must be produced through an ecological agriculture
intensification of the farmland, in a diffused and broad
range process of “biosphere carbonization”16, that relies
on an increase of the NPP of cultivated and degraded,
marginal and under desertification lands, while avoiding
the emissions related to current agricultural systems.
Regarding additional carbon, anaerobic digestion is able
to contribute more than any other bioenergy source due
to its peculiar characteristics:
• AD can efficiently convert the carbon (from 70 to 85%
of organic carbon) into biogas even at small scale (>
500.000 liter/year of diesel equivalent) and with technologies that are easily deployable even in developing countries by using biotechnology that is well
known, cost and patent free.
• It is a multi-feedstock technology able to work in
many different agricultural and ecological conditions

Breaking the spell:
producing energy & sequestering carbon
is possible without lowering food & feed production
In the light of the other major challenges before us (increasing world population and decreasing per capita
farmland) we cannot accept the idea of sequestering carbon by reducing food and feed carbon available on the
markets.
More specifically, we are convinced that growing a monoculture just for feeding the AD digesters or any other

13 We have been inspired by the researchers Lee Lynd, Bruce Dale , etc. that we would like to thank publicly. In particular the “biofuels done right
“concept was for the first time elaborated by Bruce Dale and Others “Biofuels Done Right: Land Efficient Animal Feeds Enable Large Environmental
and Energy Benefits” Environ. Sci. Technol. 44, 8385-8389, 2010
14 http://www.fao .org/about/who-we-are/director-gen/faodg-statements/detail/en/c/275129/ Global Forum for Food and Agriculture, 2015 FAO
Working Meeting “Addressing Food Security Challenges under Increasing Demand for Land, Soil and Energy” Opening statement by FAO Director-General José Graziano Da Silva 16 January 2015, Berlin, Germany
15 Unfortunately, we are not able to influence the reasons why more than one billion person on the planet still suffer from malnutrition. The causes
are not rooted in the lack of food production, but in the socioeconomic performances of the countries where do they live.
16 “Recarbonization of the Biosphere. Ecosystems and the Global Carbon Cycle” Lal, R., Lorenz, K., Hüttl, R.F., Schneider, B.U., von Braun, J. (Eds.)
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and also in different climatic zones, from Norway to
Morocco via Europe mainland.
It is able via digestate to bring back any farmer to organic fertilization, even in absent of livestock manure
or slurry17.

In our definition, biogasdoneright® platform technologies is a technological platform around which a farmer
can redesign its nutrient cycles and land use in order to:
• increase the primary production of the farm, allocating the production of additional carbon to the
anaerobic digestion, augmenting the feed to the digester by adding livestock effluents, organic urban
and industrial wastes, and in this way recovering in
an effective and sustainable way organic carbon and
nutrients from wastes often responsible of air and
water pollution;
• realize the above mentioned production of additional
carbon
• Without lowering (often increasing…) the food
and feed production prior the biogas plant construction.
• Lowering or completely avoiding the need for fossil fertilizers and fuels,
• Increasing the organic matter of the soil, improving crops rotation and annual vegetation land
coverage, increasing the use of nitrogen fixing
plants,
• Decoupling organic fertilization inputs from the
need for livestock industry growth, an industry
that is responsible for a large fraction of GHGs
emissions of current agriculture.
In other words, the careful application of the biogasdoneright® platform technologies principles to the farm
revolutionizes agricultural practices, by transforming
current, unsustainable conventional agriculture systems
into sustainable, lower cost and carbon-sequestering systems.
The land efficiency of a biogas plant: a case study
in a temperate climate (The Po river plain)
These concepts can be illustrated by a case study of a
farm converted from conventional agriculture, then to
biogas and later to the biogasdoneright® platform technologies.

First, some relevant data about this farm in NE Italy are
reported, in order to bring in firsthand experience and
numbers regarding the land efficiency18 and soil carbon
organic input. The farm is located in the Po river plain, in
a moist and temperate climate, and includes 320 hectares and a dairy stable with 150 cows.
The farm constructed a 1 MWe biogas plant producing
yearly 8,5 GWh of electricity, corresponding to 2.2 million
liters of diesel equivalent biogas capacity.
In order to feed the biogas plant, the farmer faces two
diet options :
A. Monoculture crops 19:
• using biomass produced by only annual crops, energy crops are substituted for food & feed previously
produced
• a typical case is the use of corn and the biogas plant
would need about 42 tons fresh matter corn silage
per day in addition to 20 ton of bovine slurry and manure .
B. Biogasdoneright® platform technologies biomass,
thus relying on the concept of ecological agriculture intensification and organic waste incremental use, i.e.
• Cover crops (second harvest) before or after food &
feed traditional crops20, thus keeping the hectares
dedicated to food & feed nearly at the same level as
before the biogas plant construction, and producing
double crops in the period of the year when the land
was set aside,
• Livestock effluents, in our case either originating at
the farm or bought from neighboring farms (10 ton/
day of eggs poultry manure).
• Nitrogen fixing plants, in rotation with other cereals
for the market
• Perennials in set-aside lands or lands undergoing desertification, especially where farming has been abandoned or there is no agriculture output is not present
• Agricultural byproducts, provided that the soil carbon fertility is at least maintained.
• Organic wastes.
Here are two examples of feeding recipes (expressed as
ton of dry matter per day) for this biogas plant in Italy21.
The biomass materials are classified in three different ca-

17 The carbon of the digestate represents the most recalcitrant part of the biomass (undigested cellulose and lignin, rich in prehumic substances).
This carbon will contribute to stable carbon stored in soils, thus the use of livestock manure does not reduce the addition of prehumic substances
to the soils.
18 The land efficiency of bioenergy can be defined as the quantity of primary energy that can be obtained by 1 ha of agriculture soil used in substitution
of first harvest crops previously used for food & feed applications (First crop land requirement FCLR).
To deepen the land efficiency concept see the annexed presentation of Stefano Bozzetto at the Amsterdam EBA congress of 2014 “Biogas and sustainable farming: Could we achieve a sustainable farming w/out biogas ? “ and also the text of Lee Lynd and other authors “energy myth three – high
land requirements and an unfavorable energy balance preclude biomass ethanol from playing a large role in providing energy services” B.K. Sovacool
and M.A. Brown (eds.), Energy and American Society – Thirteen Myths, 75–101, 2007
19 In other words biomass coming from only one crop cultivated during the year, in this case corn silage.
20 In this case triticale silage, mix of triticale and grasses silage, corn silage, sorghum silage
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This strategy allowed the farm to produce energy at about
450 Nmc/h of raw biogas, equivalent to 2.100.000 Nm3
of methane per year, narrowing the land area devoted to
food and feed by only 10 hectares out of 320 hectares.
Often the double cropping24 strategy has as a side effect25
reducing the photo/thermo period for the cash crop that
follows, but at this farm all the harvests showed a 10-15%
yield increase, due to:
• Improved soil fertility after few years of organic fertilization
•
Adoption of digestate distribution systems (umbilical distribution) that avoid soil compaction, for
example via digestate burying in the
soil
•
Adoption of watering techniques (drip irrigation, pivot irrigation) that are more efficient and water saving
•
Distribution of nutrients via
the irrigation system, even of chemical fertilizers such as ammonium
sulfate, that can be produced from
renewable resources (ammonium
sulfate from the digestate)
•
Adoption of no tillage agriculture for seeding, thus keeping the
moisture of soils and shorten the
time between first and second harvest.

tegories depending on the carbon they contain and are
as follows:
1. Carbon taken of food and feed production
2. Carbon taken from other bioma
3. Additional carbon or carbon that would have not been
produced with conventional agriculture and that is produced for feeding the AD. With no AD this additional carbon would not have been produced cause lack of market
demand.
￼

In the supplementary material some
innovative practices and techniques
that have been adopted and developed by the Italian biogas farmers are displayed. This fact shows that the biogasdoneright® platform technologies fosters innovation
in farming without specific regulations.

In this case study, cover crops produced after/before
cash crops, play a predominant role in feeding the biogas plant behind livestock effluents22.
For the second harvest crops following wheat production
the choice was corn silage. In the FAO 300/500 class
this crop, combined with no tillage agriculture, digestate
fertilization and further fertirrigation, reaches an acceptable yield per hectare and full maturity (starch content
> 25%, dry matter content around 30-32%) when harvested in October without compromising the soil tillage for
the following crops23.

Moreover, biogas demand triggers improvements in
crop rotation, with higher biodiversity as indicated by the
graph here below, where the crops of the three different
scenarios are represented:
• ante biogas plant
• biogas with monoculture of corn silage
• biogasdoneright® platform technologies diet
￼

21 1 MWe plant, nearly 450 Nmc/hour of raw biogas, 8.600 MWh el/year. See the annex for a detailed explanation.
22 In the current market situation not all the harvested crops are sold to the market, but a part has been used for biogas production due to the extremely low market prices. When the prices will go back to normal level then the farm will be able to invest on the machinery and infrastructure needed
for the fertirrigation and for the conservative agriculture.
The project diet of the biogas plant then is still in progress. This means that there is no technological limit to the biogasdoneright diet application,
but just that the current market situation makes difficult to invest further at the moment.
23 In the second harvest becomes irrelevant if the biomass is food or non food, what is important is the ability to produce additional carbon in a
sustainable way. Maize in second harvest is thus the most efficient solution, and crops with dual purpose food & energy is a good choice since if
needed the maize can be sold on the food market rather then used for bioenergy.
24 In this respect the following text is a must to read “Second Harvest: Bioenergy from Cover Crop Biomass” NRDC 2011 http://www.nrdc.org/
energy/files/covercrop_ip.pdf
25 Potential drawbacks of the second harvest are well known and include reduced yield due to lower water input and shortened photoperiod. Moreover, the combined effect of designing the second harvest as hard dough silage for the biogas and the increased yield due to the digestate renders the
yield of cash crops significantly higher than in the years ante biogas.
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Compared to the ante biogas plant situation:
• Crop rotation (including biodiversity) is improved,
from 4 crops ante biogas to 7 crop, with nitrogen
fixing crops of 110 ha per year (1/3 of the farmland, 4
times more than prior to biogas situation) including
90 ha soybean and 20 ha of alfalfa;
• Soil coverage happens almost over the whole year all
over the farm and not only over the alfalfa fields (20
ha over 320 ha ante biogas, now 320 ha over 320 ha
all year around!), by improving photosynthetic land
efficiency and reducing leaching and run off phenomena;
• The straw needed for the stable is now not purchased
off the farm as in the case of only corn silage digester
diet, the farm is again in the position to self-produce
straw for its own needs and at the same time increases the production of agricultural residues.
• The fertilization needs are almost entirely covered by
the nutrient cycling via digestate.
The additional carbon production is clearly explained by
the following chart that shows us the net land coverage
increase and the photosynthetic efficiency improvement.
￼

26 Silage, due to its high water content, cannot be economically
transported over long distances.
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Summarizing:
• In the “corn silage” monoculture option, the carbon
needed for the AD can be produced only when the
farm does not produce any more carbon for food &
feed markets. To make matters even worst, the farm
needed to also buy 70 ha of corn silage off of the
farm, and since there is also no more winter cereal
production, the farm must purchase straw bales for
the stable.
• In the use of soil with the Biogasdoneright® platform
technologies principles, the largest part of the biomass for the AD originate from the production of additional carbon, meaning that it is carbon that would
have not being produced if the AD was not in place;
but is carbon produced by ecological agricultural intensification that allows:
• Grasses, cereals and nitrogen fixing crops to be stored as silage26 thereby saving the days till grain maturation enabling double cropping land use strategy;
• Reduced or eliminated fossil fertilizer inputs since
the digestate and its nutrients allow the widespread use of organic fertilization;
• Increased nutritional value of the digestate
and improved biology of the digesters via
livestock effluents, even effluents collected
from neighboring farms, thus reducing the
environmental impact of these effluents and
improving also the storage, treatment and
distribution of the organic fertilizers;
• Investments in the hardware needed for fertirrigation, for digestate distribution, for the
practices of conservative agriculture. These
increased investments are justified because
the farm minimizes business risks due volatile food prices trend by market diversification and the farm’s improved cash flow.

be explained to the limited organic fertilization that was
achieved in the ante biogas situation, where the manure
was enough to cover the needs only of one third of the
farmland27.
The construction of the biogas plant and the application
of the biogasdoneright® principles not only produce the
above mentioned beneficial effects, but also increase the
macro and microelements in the soil via the elements
in the digestate28. At the same time application of these
principles increase significantly the quantity of carbon
that is added to the soils and which originates from:
• Aerial biomass residues
• Hypogeal biomass, increased by the higher yields
and by cover crops addition
• Livestock effluents after their use in the AD
• The digestate
Here below are reported the quantities of organic matter
(expressed as tons of dry matter per year) administered
to the farm soil for this case study.￼

Biogasdoneright® platform technologies land
use: the increase of the organic matter content
in agricultural soils
The farm described in this example is located
in the Po River Valley, and is just one example
of the Italian biogasdoneright® concept and is
not even the most advanced in terms of productivity and
land use efficiency.
The soil texture at this farm is claim rich soil, sometimes
loamy.
Usually supplemental irrigation is needed in order to
achieve high yields with summer crops. The farm recently started to monitor soil fertility via soil mapping.
These analysis showed a decrease in soil fertility with
increasing distance from the stable; this decrease can

These chart clearly show the potential extra amount of
organic matter that could be converted into stable organic matter (humus) via the humification potential of
every type of organic matter added to the soil.
We know that the values in the graph are only representative numbers but it is clear how the three different scenarios evolve:
1. In respect to the ante biogas scenario, substitution of
wheat/corn grain and soy bean production with corn si-

27 It is very often forgotten that organic farming diffusion is limited by the concentration and the availability of livestock in the area. For example, in
the same district where the farm here described there are 500 cows and 7.500 ha of farmland: these numbers tell us that is not feasible to convert all
of the farmland of the district into organic farming.
28 “La méthanisation rurale, outil des transitions énergétique et agroécologique” Christian COUTURIER SOLAGRO 2014

11

lage mono-cropping (biogas only one crop) causes less
stover to return to the soil. The farm must buy wheat
straw from neighboring farms and the C-soil balance
is on deficit (about -5% less carbon inputs). The production of biogas from monoculture in this case not only
deprives the carbon for food and feed markets, but even
reduces the amount of carbon to the agricultural soil in
respect to the ante biogas scenario.
2. Conversely, in the biogasdoneright® crop rotation
case, the biogas is produced not relying on the biomass

for the food and feed market; the yearly organic matter
administered to the soils is increased by 75%, organic
fertilization on all the farmland is enabled with increased
soil organic matter, where it was often below 1%, with
beneficial effects on the increase of soil fertility and NPP.
The combined effect of switching to organic fertilization
and the ecological intensification of crop rotations prove
themselves to be a real game changer, contributing to
redesigned nutrients cycles and crop rotations to achieve
an increased soil organic matter content, as has been
demonstrated in many specific cases29.

MEASURED ORGANIC MATTER INCREASE IN THE SOIL OF FARMS APPLYING THE BIOGASDONERIGHT® IN THE PO RIVER VALLEY.

29 Organic matter trends in a Po valley farm after two years of digestate administration, obtained from “Optimizing the digestate use: the right
approach for the valorization of it” of Mirko Bracchitta, Pioneer Italy, presented at Biogas Italy 2015
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Biogasdoneright®: a meaningful tool
for an ecological agricultural intensification
The biogasdoneright at the farm in Po River plain, due
to its ability to integrate with the traditional farming already existing before the biogas plant, improved the economics of the farm and made it independent of fossil
fertilizers input30. Managing the digestate from biogas
production back in the fields shows to be an effective
tool in recycling nutrients and double cropping land coverage help to improve soil fertility, and reduce nutrient
and carbon leakage and erosion.
®

In other words the benefits brought by the biogas plant allow:
•
•
•
•

Mitigation of emissions linked to the modern farming
and livestock management
Enhanced organic content of the soil that plunged in
the past to as little as 1,2% of OM, since the livestock
manure was not sufficient to cover the entire farmland
Decoupled organic fertilization from the need to increase of the farm’s livestock levels, especially in a moment where milk and meat prices are very low.
Improved farm economics, strengthening and making
more regular cash flows, thus allowing the farm to invest further in improving its agricultural practices

In the attached documents there are pictures and descriptions of innovative farming practices that have been
adopted by the Italian biogas producers31 due to their effectiveness and flexibility of use.
The adoption of minimum soil work, strip tillage, no labour seeding, drip irrigation, digestate valorization when
is needed by interim storage, etc., together improve the
NUE and WUE32 of the farm significantly.
As result the farm can realize additional carbon production that is almost twice that obtained before the
construction of the biogas plant, with a land efficiency
measured as land needed for the first harvest of 5 Ha
every 1 million liters of diesel equivalent, thus in this case
2.150 MWh th per hectar of land subtracted to food & fed
production33.
As a comparison 1 hectare of soy can produce 15 MWh
th/ha of biodiesel, while a palm oil hectare produce circa
60 MWh th per year.
With the biogasdoneright® principles, the sustainability of the production of additional carbon for the BECCS
systems in not more a limiting factor, since it is possible
to feed the biogas plant without lowering food & feed

production.
At the same time, the biogasdoneright® platform technologies platform cuts starkly into the emission related to
conventional agricultural practices.
Biogasdoneright®
platform technologies land efficiency
The land efficiency of bioenergy systems can be defined
as the quantity of primary energy that can be obtained
from 1 ha of farmland used in substitution of first harvest crops used as food and/or feed (First crop land requirement FCLR)34,and it is calculated after the following
equation35:
(1)
	 ￼
Where :
(2) FCLR(ha) Is the amount of land (in ha) of first harvest crops that is necessary for the biogas production
(3)		
It is the primary energy (in MWh
		
thermal energy) that need to be
		
produced to satisfy the amount
		
of electricity that we want to produce
(4)
It is the efficiency of the electricity generator
(5)	￼
		
It is the primary energy that
			
can be obtained from “integration biomass”, perennial non-food lignocellulose
feedstocks (PNF) produced on marginal lands, from
agriculture byproducts (AW), from second harvest cover
crops (CC), from livestock effluents (LW), from organic
residues (OW)
(6)	￼
It is a conversion factor that define the
		
quantity of primary energy that can be
obtained per DM ton of first harvest biomass
(7)
ha It is the productivity of first harvest in ton
DM/ha
The amount of land needed is then not only influenced
by the first harvest crops and their yields rate, but it is
also influenced by the efficiency of the technological and
biological conversion systems and in the case of biogas
also by the primary energy supplied by other feedstocks
(integration biomass).

30 Currently after three years of biogas plant production , the farm is still using some nitrogen chemicals fertilizers ( 20-30% on crop demand)
because still now isn’t available all the digestate spreading equipment needed to use digestate all year around. Concerning all the others macro and
micro nutrients the farm is already independent from mineral fertilizers.
31 Stefano Bozzetto , op. citata.
32 Nitrogen utilization efficiency, Water utilization efficiency.
33 See slide the following paragraph for more explanation about the figures mentioned.
34 It will be shown later that competition food & feed versus bioenergy is true only if one exclusively grows energy crops. Through second harvests
to produce for food & feed and also for bioenergy then there is no competition anymore. For this reason the FCLR parameter is taken into account
as prevalent.
35 This equation has been adapted to the biogas and integration biomasses from the study of Lynd et al. “Energy myth three – high land requirements
and an unfavorable energy balance preclude biomass ethanol from playing a large role in providing energy services” B.K. Sovacool and M.A. Brown (eds.),
Energy and American Society – Thirteen Myths, 75–101. © 2007 Springer.
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In our case then the equation is calculated as follows:

In fact the most of the primary energy needed for the
production of 8.600 MWh electricity at the biogas plant
derives from the use of what we define as integration
biomasses36: cover crops and livestock effluents, as detailed in the AD feeding diet (see below).
Only the sorghum silage uses soil that is not in rotation
with other food & feed crops, since the ha used in this
case for the sorghum are not fertile enough to sustain a
reasonable yield for second harvest.
EXAMPLE OF BIOGASDONERIGHT® DIGESTER FEEDING PLAN

36 Integration biomasses are defined as the biomasses that today do not bring added value to the farmer and that can contribute to integrate the
economics of the farm either reducing costs for their treatment (manure, by products, wastes) or utilizing better the soils with crops that would have
no market.
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BIOGASDONERIGHT CONCEPT CAN BE APPLIED EVERYWHERE
Anaerobic digestion: a technology applicable in all
agroecological conditions
Analogues and even more interesting and far reaching
examples for applying the biogasdoneright® platform
technologies principles exist in areas with less human
impact, less intensive agriculture, especially in drylands
(200 to 600 mm rainfall per year).
A soil degrades for several different reasons, its recovery as fertile farmland requires crops able to adapt to
that soil and increased soil organic matter to support
farming. The availability of digestate and the flexibility
of AD multi-feedstock diets make biogas production an
essential tool to recover degraded agricultural soil. For
example, dual purpose (forage and energy) CAM plants
crops have a DM content that is ideal for the anaerobic
digestion processes (8% DM is usually inside the digester). These crops have a WUE37 and NUE that can be
many fold higher than C3 and C4 plants (see table below), thus such plants are suitable also for fighting desertification or soil degradation where needed and where
rainfall is low via land revegetation and nutrients and
carbon cycling to soil via digestate38.
￼
Depending on water and fertilizers available, CAM crops
can produce 20/60 ton DM/ha per year of biomass rich
in accessible carbohydrates, either to be used coupled
to a protein supplement as feed source or to be used in

biogas production.
The flexibility of the biogasdoneright® platform technologies to its feedstocks coupled to the nutrient and carbon
recycling into the soil via the digestate, make it a tool to
replenish soils that today are marginally productive due
to low organic carbon content.
The additional carbon demand for the energy and bio-based materials markets indicates that a market-driven
approach is the best option to implement carbon sequestration from the atmosphere. We consider that the
Italian biogas project has just started and there is still
a lot of room for improvement, but we can say that based on our own daily experience that the people adopt it
“spontaneously” since it costs less and it improves the
cash flows. A simple feed in scheme was sufficient to
trigger the whole process and also brought stability to a
sector that suffers from commodity prices volatility. The
Italian biogas demand kept the stables opened and kept
them from closing during the low prices of the last three
years. Very few ended their agricultural activities to work
for a tariff paid by consumers. Cost reduction (no fertilizers purchased, no costs for livestock effluents disposal…), and cash flow improvements prompted us to look
into producing for both food and fuel markets, so the
farmers can earn more and our soils can become even
more fertile by storing carbon from the atmosphere, a
real triple win situation.

37 The use of opuntia as a fodder source in arid areas of southern africa - Gerhard C. De Kock
38 One of the target of the authors of this manuscript is to take the principles of the biogasdoneright as developed in the Po valley and adapt it to different, more interesting and challenging conditions wherre to increase substantially the food & feed production and the SCS. We plan to do so avoiding
rigid models and instead find pragmatic solutions that fits best the local ecological and market conditions for the biogasdoneright to be unfolded.
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The Sicilian case study 39
In attachment is reported a case study for a farm in Sicily
(project to be built), where the biogasdoneright® concept has been applied in a dry land area. The farm aims
at producing 800-900 Nm3/h of raw biogas, thus circa
2,8 million kg of biomethane for road transportation.
The farm is located in the Enna province, in the heart
of Sicily, and it has 550 ha of clay loamy soils with 1% of
organic matter. The average rainfall is 600 mm/year but
rains are not frequent and drought periods can be long.
The current crop rotation is based on durum wheat production, the main product of Sicilian agriculture since
Roman time. To avoid low protein yield in durum wheat,
it is rotated in succession with the “Sulla”, the Italian
Sainfoin plant, a nitrogen fixer native to the Mediterrenean area and resistant to intermittent droughts. But due
to the local livestock industry crisis the farmers stopped
the production of Italian Sainfoin silage and they left the
farmland in set aside, with the known negative effects as
and a further acceleration of its desertification process.
The biogas plant thus could be for this farm a game
changer and allows the use of Italian Sainfoin as silage.
￼EXAMPLE OF ITALIAN SAINFOIN

Italian Sainfoin will be co-fed to the AD together with different agro and food by products such as waste streams
of olive oil, citrus species, pulp and grapes marc from
wine production. All these byproducts have still some
sugars prone to ferment and when not properly handled
can cause environmental pollution.
Sorghum in second harvest obtained via drip fertirrigation and also forage Opuntia complete the biogas feedstocks for this Sicilian plant.
The new crop plan is summarized in the figure below:
the farm is able to produce 4.000.000 Nmc biomethane/year while reducing the land used for food production
by only of 100 ha.
￼
The administration of organic matter and nutrients to
the soil is thus completely changed with the biogas plant,
both for the crop rotation and for the digestate use.
￼
The combined effects of an increased production of agricultural by-products, the utilization of the digestate, the
increased soil coverage over the full year, are all prerequisites to significantly recover soil fertility. Soil organic
matter inputs has been increased by five fold compared
to the ante biogas situation, thus allowing the farm to
become independent from fossil fertilizers, to produce
for the market and for the digesters , and to improve the
soil fertility and carbon content.
In the current conditions of the Mediterranean agriculture, where soils are under desertification and the rainfall is below 600 mm/year, the AD is a key technology
to achieve an ecological agriculture intensification, to
improve the economics of the farm and to recover soil
fertility.

EXAMPLE OF CITRUS PULP CONTAMINATION

39 See ppt in attachment.
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BIOGASDONERIGHT AS A TOOL
TO ENHANCE SOIL CARBON SEQUESTRATION POTENTIAL
Soil and Land revegetation as carbon sink
The carbon emitted from soil and biota since the Industrial Revolution until now is about one third of that
emitted over the same period by fossil carbon40. Many
agricultural soils have lost the 50-75% of their earlier
carbon stock. Many degraded and under desertification
lands contain low carbon in their soils and in their surviving vegetation. These environments are “nearly empty
sinks” in which to permanently store carbon at the scale
required of at least 1 Pg of C per year 41.
The authors of this manuscript are convinced that is
possible to sequester and store even higher amounts of
carbon. At least 1,5 billion ha under desertification can
be recovered to farmland via CAM plants, nitrogen-fixing
trees, perennial cultures, floating water plants fed with
digestate and other emerging technologies : soil sequestration of photosynthetic carbon could be the easiest
BECCS system to implement on a global, diffused scale.
We are not prepared yet to present a peer-reviewed metric, but it is on our opinion that in the carbon cycle only
soil biota could store the 100-200 Pg of carbon42 that we
need to bring CO2 air concentrations below 350 ppm as
many scientist require to avoid climate change risks43.

the cash flow generated in form of energy and/or biomaterials and also the increased NPP due to the enhanced
soil fertility. Moreover, agricultural soils, thus the sink for
carbon sequestration, are diffused almost everywhere on
the planet and the practices and techniques involved in
the biogasdoneright® platform technologies are easy to
learn and apply at any level.
Organic matter in the soil is subject to oxidation, leaching and mineralization. Even when the best agricultural practices are in place (no tillage, drip irrigation,
manure distribution, cover crops and residue inputs, nitrogen fixing crops in rotation, etc. ), every soil is subject
to oxidation of the organic matter (OM) and reaches its
own equilibrium (plateau effect), where it cannot store
more additional carbon. Increased OM happens provided that such supply is continuous until a new equilibrium is reached. Until this new equilibrium is reached,
the farmland is able to store44 the amount of carbon needed to avoid abrupt climate change scenarios.
Trials of long term manure administration prove that
when a constant supply of OM is added, the soils can
store a significant amount of carbon compared to soils
where only chemical fertilization is used. Organic farming has demonstrated already that an increase of carbon in soils has a positive effect on farming.

This forecast is based on the conservative extrapolation
of our empirical data collected in recent years.
We are currently engaging an international
group of experts to challenge our calculations
and then we will publish our findings in peer-reviewed journals.
Soil carbon sequestration:
a low cost and effective solution
Sequestration of carbon in the soil is a fundamental process that is needed even without climate change. This is because soil carbon plays
a cardinal role in our ecosystem spanning from
enhancing soil biodiversity, improving water
conservation in soils and enhancing soil fertility
and the NPP of ecosystems.
The soil-amending properties of carbon enable
the storage of carbon in these soils, after a startup phase, grow and diffuse rapidly since the costs of capture and storage will be paid back by
40 “Soil carbon management and climate change” Rattan
Lal 10 Apr 2014.
41 Lal et al. “Soil carbon sequestration”
42 Upside (Drawdown)The Potential of Restorative Grazing to Mitigate Global Warming by Increasing Carbon Capture on Grasslands, Seth Itzkan, 2014
43 Hansen James “tipping points. A perspective of a climatologist” 2008 http://www.columbia.edu/~jeh1/2008/StateOfWild_20080428.pdf ,
and Hansen 2013 op. cit.
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What we know for sure, due to our first-hand experience
as farmers and by experiments that stretched over decades is that continuous administrations of organic fertilizers are able to increase the organic matter of the soils.
The soil carbon sequestration is often source of discussion45 among scientists, due to the challenges presented
by the standardization of practices that are tailor made
for specific soils and conditions.
Production of additional carbon and the presence of
stable carbon in the solid fraction of the digestate
(mainly lignin and undigested cellulose), help to overcame these hurdles. The production of biochar from the
solid fraction of the digestate to mimic manure fertilization, could help further.
Lal46 and others have confirmed that the potential of carbon sequestration in soils can occur at the scale needed to prevent an abrupt climate change scenario “The
potential of Soil Organic Carbon (SOC) sequestration is
finite in magnitude and duration. It is a short-term strategy to mitigating anthropogenic enrichment of atmospheric CO2. The annual SOC sequestration potential is
only about 1,2 Pg C/year. The atmospheric concentration of CO2 at the observed rate of 1990 (3.2 Pg C/ year)
will continue to increase at the rate of 2.0–2.6 Pg C/year
even with soil C sequestration. Thus, a long-term solution lies in developing alternatives to fossil fuel. Yet, SOC
sequestration buys us time during which alternatives to
fossil fuel are developed and implemented. It is a bridge
to the future. It also leads to improvement in soil quality.
Soil C sequestration is something that we cannot afford
to ignore”.
These scholars should perhaps consider that the principles of the biogasdoneright® platform can significantly
increase organic carbon primary production via increased biomass yield per hectare. Thus even lands that today are marginal or under desertification can store carbon in quantities that are today underestimated.
Soil carbon sequestration (SCS) bottleneck
The criticisms47 and doubts regarding SCS as tool for
combatting climate change have three main aspects:
A. Carbon in soils in not stable, can be subject to oxidation, leaching and erosion.
B. The carbon in soils reaches a plateau where further
improvement of NPP decreases until it is negligible.
C. Continuous addition of external OM is needed to
maintain or increase the carbon stored in soils.

The strongest argument used against organic farming
is that increased carbon in the soil of organic farms is
obtained by administering more manure than the average of conventional farming48. But this criticism is overcome if we able to increase NPP with additional carbon
stored and simultaneously produce more residues and
digestate to continuously increase the quantity of carbon
input to the soil.
But an additional carbon production cannot be reached
with the current agriculture practices. The agricultural
sector is responsible for about 12% of the current GHGs
emissions49, this means that any further increase of photosynthetic activity on the planet (NPP increase) must
be decoupled from today’s conventional agricultural
practices, and especially by reducing GHGs (CO2, CH4,
N2O) derived from farming and livestock management
and also without reducing farmland to produce food &
feed or reducing the carbon existing in natural biota (e.g.
via deforestation to produce new farmland).
How to reach these targets? How to overcome hurdles
and bottlenecks? How can the biogasdoneright® contribute to this targets?
The application of the biogasdoneright® platform technologies offers us multiple solutions to these problems:
• Additional carbon beyond carbon needed for food &
feed can be produced, and this additional carbon can
be stored in soils.
• The land efficiency of soils under degradation can be
improved, not only increasing harvest yields, but also
via higher soil coverage (using catch crops) and afforestation.
• The emissions linked to livestock industry can be mitigated using livestock effluents for the AD and at the
same time using the digestate originating from the
additional carbon production to decouple organic
fertilization from entire reliance on livestock manure.
In this way the SCS can be independent from livestock effluents production increase.
• The biogasdoneright® platform technologies can be
seen also as a cleantech able to take effluents and
byproducts from different industries (abattoirs, food
industry by-products and waste, etc) and cycling
them into biogas and digestate.
• Since all these measures make farming more cost-effective, once the practice becomes wide spread and
better known, such techniques will be spontaneously
adopted by farmers. Farmers will see first-hand from

44 The experience of Hoosfield Rothamsted farm is a flagship of organic farming for the length of the experiment (from 1852 until nowadays).
45 “ Soil carbon sequestration to mitigate climate change: a critical re-examination to identify the true and the false” D. S . P owl s o n , A. P . Whitmore & K. W. T . Department of Sustainable Soils and Grassland Systems, Rothamsted Research, Harpenden, Herts AL5 2JQ, UK
46 R.Lal “ Soil carbon sequestration to mitigate climate change”
47“ Powlson et al. op. citata
48 Gattinger “Gattinger A, et al. (2012) Enhanced top soil carbon stocks under organic farming. Proc Natl Acad Sci USA 109(44): 18226–18231.
Leifeld “Organic farming gives no climate change benefit through soil carbon sequestration”
Gattinger “Reply to Leifeld et al.: Enhanced top soil carbon stocks under organic farming is not equated with climate change mitigation”
49 http://www3.weforum.org/docs/WEF_IP_NVA_Roadmap_Report.pdf McKinsey & Company 2010
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•

others how the NUE and WUE improve, and how soil
fertility is enhanced along with the positive effects of
reduced production costs arising from lower (zero or
near to zero) input of fossil resources.
Part of the additional carbon produced must find
different markets than food & feed traditional outlet,
to reduce food market price volatility and improve
farmer profit margins. Bioenergy and biomaterials
are one option to diversify farm outputs and attract

investments in the primary sector, investments that
are today undersized for the challenges that are ahead of us (food security, climate change, etc etc) due
to the low financial returns that the primary sector
usually offers to investors. In other words, these technologies must improve the cash flows of farms.
In this way the adoption of SCS can be progressively
decoupled from carbon tax measures or long term
incentives.
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THE BIOGAS REFINERY CONCEPT
In the proposed scheme, the biogasdoneright® platform
technologies act as a BECCS system through the Soil
Carbon Sequestration.
Moreover, the biogas plant must be considered as a technological platform into which other carbon sequestration solutions can be plugged in, for example:
•

Production of biochar starting from the solid fraction
of the digestate with the goal of prolonging the presence of the carbon in the soil.

•

Perhaps utilizing the CO2 present in the biogas in
methanation processes with the H2 produced via renewable resources (Power to Gas concept) and even
the production of CO2 derived industrial products
(plastics, fertilizers, chemicals etc).

Biochar from solid digestate
The pyrolysis of the solid fraction of the digestate to
produce a more stable form of carbon (black carbon) in
form of charcoal is a very promising technique51.
￼
The production of organic and mineral fertilizers from
the two digestate fractions (the biochar from the solid and the nutrients in the liquid fraction) could give
a higher added value especially for the soils that suffer
erosion and lower fertility due to unsustainable farming
practices or natural desertification, or to improve organic content in the sandy soils. The production of black
carbon from biochar52 must be achieved using additional
carbon. Black carbon contributes synergistically to increased soil fertility by recycling digestate nutrients back to
the soil.

In order to grasp the scale of which a typical biogas plant operates, a carbon balance is helpful.
For a 1 MWe plant circa 16 kton vegetable biomass
is needed yearly. This input corresponds to circa
2,5 kton organic carbon, and as outputs from the
digesters we obtain about
A. 1,1 kton carbon in the biogas as methane (44%
of input carbon)
B. 0,9 kton carbon in the biogas as CO2 (36%)
C. 0,5 kton carbon in the digestate (20%)
Beside the traditional organic fertilization practices, the
biogas refinery concept offers us further and innovative
ways for carbon sequestration and can provide an even
bigger impact50 in terms of fixed carbon and additional
carbon negative systems.
In this respect, two main strategies can be followed to
increase the sequestration capacity of a biogas plant:
• Biochar production from the solid fraction of the digestate
• Reuse of CO2 in the biogas to produce further biomass or by solar/wind fuels or biobased products

Even for a promising technology like biochar the first
bottleneck to overcome in order to become a carbon negative option is the availability of additional carbon to be
sequestered. The two processes then (the biochemical
AD and the thermochemical biochar formation) applied
in sequence offer interesting synergies with great potential53.
It is still too early to assess the economics of the process
and more specifically if the extra costs for the pyrolysis
are covered by the effects of the biochar on the soil fertility and bioenergy additional production (tar oil, heat,
etc).

50 That represents a multiple of the sequestrated carbon (thus avoided) of the biomethane in the biogas, following the usual approach of mitigation of emissions of GHGs from fossil fuels, the so called avoided emissions.
51 http://www.imp.gda.pl/BF2014/prezentacje/3_Wioleta_Radawiec.pdf
52 “Sustainable biochar to mitigate global climate change” Dominic Woolf, James E. Amonette, F. Alayne Street-Perrott, Johannes Lehman &
Stephen Joseph
53 See on this subjet among others http://www.jove.com/pdf/51734/jove-protocol-51734-evaluation-integrated-anaerobic-digestion-hydrothermal-carbonization
54 http://pubs.rsc.org/en/content/articlelanding/2014/cs/c4cs00035h#!divAbstract
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CO2 biogas reuse
The CO2 contained in the biogas can also be tapped as a
feedstock for different purposes or processes.
• Geological or mineral sequestration (with the use of
different approaches)
• Methane production via Power to Gas integrating
thus at the farm site decentralized renewable fuel
production with the CO2 contained in the biogas55

•

•

Production of biomaterials ( fertilizers such as ammonium carbonate, biopolymers such as PHA and a
whole array of processes that aim at the use of CO2
as feedstock are arising 56 )
Biofixation, especially through aquatic plants. Aquatic plants bear the potential for further carbon and

protein additional production, adding a multiplier
effect in carbone negative performances. Plants such
as Azolla can play an important role in the near future
for recycling the CO2 and the digestate of the biogas.
• Problems that hamper the deployment of microalgae technology are well known 57 and among them
are high energy input for product harvest, possible
contamination of zooplankton and others reason
make the production costs of microalgae sometimes
magnitude higher than the production of terrestrial
biomass.
• The cultivation in set aside land of aquatic plants is
promising for many different reasons summarized
here below:
Possibility to use the liquid fraction of the digestate upon
dilution (30-50% )
• Possibility to increase the photosynthetic activity via
CO2 fertilization with CO2 from the biogas
• No need for stirring since they are floating plants,
• Possibility of easy harvest with very low energy input
for their floatability and dimension.
• Robustness of the plants toward cultivation and high
yield in dry matter per hectare
• Use of CO2 as sole carbon source to produce most of
the chemicals we know today via metabolic engineering of Cyanobacteria58
The P2G technologies point toward the integration of
“no fuel” renewable energy sources and CO2 using renewable hydrogen as link to it via methanation processes.
Production of renewable methane integrates the gas
grid with the electric grid and the seasonal storage of
the energy harvested via wind mills or solar panels, not
to mention the use of PtG to produce a zero emission
fuel such as biomethane to be applied in road transportation59. Keeping in mind that the raw biogas on average
contains 55% of CH4 and 45% of CO2, it is easy to understand that upgrading the CO2 to CH4 would mean
almost doubling the yield of biofuel produced per ha of
farmland.
In a 100% renewable energy scenario, the biogas plays
also a pivotal role as CO2 supplier for synthetic fuels
(fuels made from CO2 and H2, such as methane but
also butanol from CO2 and sunlight60). From this perspective the biogas supplies cheap, easy and distributed
access to CO2 with several advantages over other CO2
capture processes (post combustion, oxyfuel, direct air
capture…)

55 www.krajete.com/ www.electrochaea.com/ www.audi.com/com/brand/en/vorsprung_durch_technik/content/2013/10/energy-turnaround-inthe-tank.html
56 Catalysis for the Valorization of Exhaust Carbon: from CO2 to Chemicals, Materials, and Fuels. Technological Use of CO2 Michele Aresta, Angela
Dibenedetto, and Antonella Angelini Chem. Rev., 2014, 114 (3), pp 1709–1742 DOI: 10.1021/cr4002758
57 http://energy.gov/sites/prod/files/2014/06/f16/naabb_synopsis_report.pdf) https://www.youtube.com/watch?v=O34gTsxyDq8
https://www.youtube.com/watch?v=44l0aNhx0EI
https://www.youtube.com/watch?v=EG1adlKF2D4
58 http://phytonix.com/ http://photanol.com/
59 A perspective on the potential role of biogas in smart energy grids, Tobias PERSSON e others, 2014, http://www.iea-biogas.net/files/daten-redaktion/download/Technical%20Brochures/Smart_Grids_Final_web.pdf
60 Ibidem
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All these technologies are just part of the biogas refinery
concept as we intend it because the sum of these two
carbon sources is higher than the quantity of carbon in
the biomethane.
Together with the carbon that remains in the soils via the
root residues and the agricultural leftovers, the biogas
can play an impact in the carbon negative technologies
via the carbon sequestrated in the soils, in other biota or
in tailor-made materials from CO2.

PROSPECT OF POSSIBLE CO2 RECYCLING TECHNOLOGIES AVAILABLE
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ANAEROBIC DIGESTION AND SOIL CARBON SEQUESTRATION:
TOWARD CARBON NEGATIVE AGRICULTURE PRACTICES
In the proposed scheme, the biogasdoneright® platform
act as a BECCS system through the three CCS steps:
• Capture, through photosynthesis by producing additional carbon in land already cultivated , or in marginal lands,
• Transport
• Through the anaerobic digestion process regarding the carbon spread on the fields (directly or
through the solid digestate converted in biochar)
• Through the organic carbon in the above and below ground part of the plants that are left on the
fields
• Sequestration through the organic fertilization of the
soils and the even through a series of technologies
that will be available in the next decade (Power to
Gas, biochar, bioplastics…)

EXAMPLES OF PRICE VOLATILITY OF TWO OF
THE MOST TRADED AGRICULTURAL COMMODITIES

All the above-described measures can happen at near
zero costs, without asking for special rules or laws from
the policymaker, although a transitory phase where incentives and “compulsory mandates” are given to help
market penetration and projects bankability, speeding
up the transition from conventional agriculture toward
“carbon negative agriculture”.
The costs for capture and sequestration of CO2 can thus
be paid for by the increased fertility and output at the
single farm level and by improving the economics of the
farm. The biogas makes the farm independent of fossil
fertilizers and energy purchases, thus making the farm
able to produce in a more competitive way and also able
to sell its outputs at more predictable prices, less subject
to the fluctuations in fossil energy prices. Moreover,
from the farmer’s perspective, diversify the sales in the
energy and biobased material markets, besides traditional food & feed markets, mitigates risks due to volatile
food prices and strengthens his cash flows. This is an
essential prerequisite for a revolutionary transition of
the current conventional agricultural system to a carbon
negative agricultural system. Also, the increased global
food production that will be needed in the next decades
is necessarily linked to more investments in agriculture.
Such investments are today risky for the investors since
food prices have been stagnating in the last 40 years61,
except some recent spikes (2008 & 2011) , worsen the
investor interest in the primary sector.
￼
The following recent quote from the Director-General of
the FAO is particularly relevant at this point:
“In the past decades there have been a lot of debates about
the priority and food versus biofuel production. But nowadays we need to move from the food versus fuel debate to
a food and fuel debate.

There is no question that food comes first.
And there is no question that biofuel should not be simply
seen as a threat. Or as a magical solution.
Like anything else, it can do good or bad. We have seen
successful and sustainable biofuel production systems that
provide an additional source of income for poor farmers.
It is well known that the use of maize and oilseeds for biofuel
production helped push agricultural prices higher in the food
prices spike that began in 2008.
However, in more recent years, the demand for biofuels
has supported food prices.
It acted as a support for those crops creating a buffer zone
and avoiding that agricultural prices fell to the point that

61 FAO Food Price Index in real and nominal terms
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farmers would be discouraged to produce next year. Biofuels
create additional demand for agriculture products, including
cereals in countries with long supplies, which helps farmers
in developing countries.”62
We agree with Director-General Graziano Da Silva: after
decades of undisputed fossil use domination in agriculture, the biogasdoneright® platform technologies concept is helping us reposition the primary sector at the
center of the innovation needed to sustain many billions
of people on this planet of finite resources.
The biogasdoneright® carbon and land efficiency impacts allow us to simultaneously increase NPP, implement large scale Soil Carbon Sequestration (SCS), and
produce carbon negative biofuels for the internal combustion engine (ICE) and hopefully biomaterials in a
near future.
In our view this is a carbon negative technology that can
be deployed today without the need for expensive or
cumbersome new infrastructure or research. The majority biogasdoneright® technologies are ready to implement today.
The biogas refinery can bring the farm back to the center of economic development since a farm that has no
need to buy fertilizers or fuels will become a more stable
and safer investment. Anaerobic digestion is a tool that
allows a real ecological agricultural intensification and
regenerates soils under desertification or degradation. It
is thus a win-win strategy to tackle CO2 emissions and
climate change that we cannot afford to ignore.
The Keeling curve tells us that every summer the CO2
concentration decreases, since the Northern Hemisphere has more land, thus more photosynthetic capacity.
We need in every way, as quickly as possible, to expand
the planet’s photosynthetic activity, via additional carbon production at the scale required to address climate
change, thus we will bring more and more carbon from
the atmosphere into the soils or elsewhere in the biota.

We consider the experience of the Italian biogas63 industry as just beginning and there is still much room for
improvements, but from our own daily experience we
know that farmers adopt it spontaneously since it costs
less and improves their cash flows.
A simple feed in tariff law was sufficient to trigger the
whole process and also brought stability to a sector that
suffers from commodity price volatility. The Italian biogas industry kept many dairy stables open during the low
prices market crisis of the last three years. The Italian
biogas industry is now the third largest producer in the
world (after Germany and China). Cost reduction (no
fertilizers purchased, no cost for livestock effluents disposal…) and cash flow improvements prompted us to
consider producing for both the food and fuel market, so
the farmers can earn more and our soils become even
more fertile storing carbon from the atmosphere, a real
triple win situation.
The development of technologies and their social acceptance (by NGOs, politicians, environmentalists, organic
farmers…) have helped us go even further and apply the
biogasdoneright® platform experience not only in the
fertile food-productive Po Valley or in the Lands of Chianti and Parmigiano Reggiano, but also in those semi-arid lands of Sicily, a former Roman Empire breadbasket,
where durum wheat is nowadays cultivated in soils with
less than 1% organic matter content, and where the current market value is nearly half of Manitoba durum wheat imported by Italian Maccheroni factories.
If we look globally we can see how these principles could
be applied broadly, from the steppic hills of Tunisia or
Algeria, to the dry climates of the North-East Brazilian
plains, where inspired agronomists are obtaining impressive results by intensive cultivation of cacti64 ,that
have great potential for being converted into biomethane or into feeds for cattle and swine.

62 http://www.fao .org/about/who-we-are/director-gen/faodg-statements/detail/en/c/275129/ Global Forum for Food and Agriculture, 2015 FAO
Working Meeting “Addressing Food Security Challenges under Increasing Demand for Land, Soil and Energy” Opening statement by FAO Director-General José Graziano Da Silva 16 January 2015, Berlin, Germany
63 4 Billion € invested in the last 5 years, 1.000 biogas plants at farm site, 7,5 TWh electric energy produced per year, more than 30 million m3 digestate per year, 12.000 new green jobs and third in the world after China and Germany.
64 http://www.bioone.org/doi/abs/10.2111/08-226.1?journalCode=rama
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OUR MOTIVATIONS
“A cool planet and full plate”65 is possible:
• Let produce additional carbon via agricultural ecological intensification and revegetation of set aside land
• Let transform the additional carbon production into a material to enhance soil fertility and store more organic
carbon in the soil, thereby decoupling organic fertilization by livestock industry growth
• Let diversify agricultural output in the Food, Feed AND Energy and biomaterials markets, In this way such services and products will attract more and more investments in agriculture and in organic soil fertilization via digestate. This will lead to an increased food and feed production, an increase in renewable bioenergy and especially
an increase in Soil Carbon Sequestration.
• Let Biogasdoneright® thus become a key tool to accomplish widespread low cost and sustainable BECCS as IPCC
recommended.
65 Parodying the recent Lester Brown book “A Hot Planet and Empty plates”, that taking an orthodox malthusian approach to development banishes
bioenergies to a negative role in sustainable food production.

26

Authors
David Bolzonella

Associate Professor of Industrial Biotechnology, University of Verona

Stefano Bozzetto

Executive member of European Biogas Association, Farmer and Biogas producer

Bruce Dale

University Distinguished Professor, Michigan State University

Paolo Foglia

ICEA - Institute for Ethical and Environmental Certification

Piero Gattoni

President of the Italian Biogas Council, Farmer and Biogas producer

Paolo Inglese

Full Professor of Agriculture science, University of Palermo; Director of Cactus net at FAO

Biagio Pecorino

Full Professor of Agriculture economy, University of Catania, Farmer and Biogas producer

Fabrizio Sibilla

Scientific advisor at Italian Biogas Council

Ezio Veggia

Farmer and Biogas producer, Vice president at Confagricoltura

Lorenzo Maggioni

Italian Biogas Council, responsible for Research & Development

Guido Bezzi

Italian Biogas Council, responsible for Agriculture

27

Supporters
Riccardo Artegiani

Farmer and Biogas producer

Ernesto Folli

Farmer and Biogas producer

Danio Federici

Farmer and Biogas producer

Sami Shams Eddin
Biogas Producer

Mirko Bracchitta

Biogas/Biomass Marketing Consultant at Pioneer seeds Italia

Lorella Rossi

Researcher at Research Centre on Animal Production (CRPA, Italy)

Giovanni Battista Zorzoli

Engineer, expert on Renewable Energy

Francesco Ferrante

Vice President of Kyoto Club, Italy

Gianni Silvestrini

Scientific Director of Kyoto Club, Italy

David Chiaramonti

Contract Professor of Biomass Energy Conversion Processes and Technologies, Florence University

Susanna Pflüger

Senior Policy Advisor of European Biogas Association

Arthur Wellinger

European Biogas Association co-founder and honorary member

Massimo Zaghi

Consigliere esecutivo CIB

Claudio Fabbri

Senior Researcher at Research Centre on Animal Production (CRPA, Italy)

Donatella Banzato

Researcher at University of Padua, Italy

28

ANNEX
BIOGAS AND SUSTAINABLE FARMING
COULD WE ACHIVEVE A SUSTAINABLE FARMING
WITHOUT BIOGAS ?									28
A CASE STUDY TO EXPLAIN BIOGASDONERIGHT PRINCIPLES
APPLIED IN THE PO VALLEY, NORTHERN ITALY				

44

A CASE STUDY TO EXPLAIN BIOGASDONERIGHT PRINCIPLES
APPLIED AT ENNA FARM IN SICILY 							69

29

30

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

31

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

32

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

33

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

34

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

35

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

36

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

37

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

38

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

39

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

40

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

41

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

42

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

43

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

44

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

45

BIOGAS AND SUSTAINABEL FARMING - EBA 2014 CONFERENCE - AMSTERDAM

46

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

47

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

48

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

49

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

50

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

51

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

52

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

53

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

54

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

55

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

56

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

57

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

58

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

59

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

60

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

61

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

62

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

63

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

64

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

65

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

66

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

67

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

68

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

69

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

70

BIOGASDONE RIGHT - A CASE STUDY IN THE PO VALLEY, NORTHERN ITALY

71

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

72

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

73

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

74

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

75

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

76

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

77

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

78

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

79

BIOGASDONE RIGHT - A CASE STUDY AT ENNA FARM IN SICILY

CIB
Consorzio Italiano Biogas e Gassificazione
segreteria@consorziobiogas.it
T +39(0)3714662633
F +39(0)3714662401
Supported by

Parco Tecnologico Padano
Via Einstein, Loc. Cascina Codazza
Lodi (LO) - Italy
80

